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BACKGROUND

To examine current patterns of hypertension (HTN) treatment in the
United States, including blood pressure (BP) control, prevalence of dif-
ferent antihypertensive agents, and variations in treatment associated
with patient and physician characteristics.

METHODS

We used data from the National Disease and Therapeutic Index (NDTI),
a nationally representative physician survey produced by QuintilesIMS.
We selected patients with a diagnosis of HTN and identified those pre-
scribed antihypertensive therapies. We analyzed the type of antihyper-
tensive agents prescribed. Extent of BP control, and associated patient
and physician characteristics. We calculated 95% confidence intervals
that accounted for the multistage NDTI sampling design.

RESULTS

Among those treated for HTN in 2014, BP control varied: systolic BP
(SBP) =160 (15%) vs. SBP 150159 (9%) vs. SBP 140-149 (19%) vs. SBP
130-139 (26%) vs. SBP <130 (32%). Of those treated for HTN, 29%

Hypertension (HTN) affects over 70 million individuals in
the United States and is one of the major risk factors for
cardiovascular disease (CVD).!? From 2011 to 2014, the
prevalence of HTN was 30.0% among adult men and 28.1%
among adult women, and the prevalence of HTN from 1999
to 2014 has remained stable over time.*> Annual cost of
HTN is over $42.9 billion, with over $20.4 billion spent on
prescription medications.®

Blood pressure (BP) increases the risk of CVD events
independent of other risk factors, and higher BPs lead to
greater risk of myocardial infarction, heart failure, stroke,
and kidney disease.! CVD is currently the leading cause of
death in the United States and accounts for 17% of overall
national health expenditures.” HTN is present in 51.0% of
adults with CVD, and 40.6% of CVD mortality has been
attributable to HTN.®

BP-lowering treatments significantly reduce the risk of
CVD and death in various patient populations—a 10 mm
Hg reduction in systolic BP (SBP) has been shown to reduce
the risk of major CVD events by 20%, coronary heart disease
by 17%, stroke by 27%, heart failure by 28%, and all-cause
mortality by 13%.%1° While treatment rates for HTN have
increased from 65% (2003-2004) to 75% (2011-2012), and

used of angiotensin-converting enzyme inhibitors (ACEls); 24%,
thiazide-like diuretics; 22%, angiotensin receptor blockers (ARBs), 21%,
calcium-channel blockers (CCBs); and 19% beta-blockers. Newer drugs
had very limited uptake; no drugs approved after 2002 were used in
more than 5% of patients. Selection of agents varied only modestly by
patient and physician characteristics.

CONCLUSIONS

The treatment of HTN in 2014 predominantly involved older medica-
tions in 5 major classes of drugs: ACEls, thiazide diuretics, ARBs, CCBs,
and beta-blockers. Selection of antihypertensive agents showed lim-
ited variation by age, gender, race, and insurance type. Although 58%
of treated patients had SBP <140, 24% had poorly controlled HTN with
SBP =150, indicating the need for improved treatment.
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adequate BP control has improved from 40% to 52%, detec-
tion, treatment, and control of HTN remains suboptimal.!!
Healthy People 2020 goals include controlling 62% of all
adults with HTN.12

Thiazide-like diuretics are the recommended initial ther-
apy for most patients, either alone or in combination with
one of the other classes.® All classes of BP-lowering drugs
have a similar effect in reducing coronary heart disease and
stroke for a given reduction in BP, with the exception of the
extra protective effect of beta-blockers shortly after a myo-
cardial infarction, the effect of calcium-channel blockers
(CCBs) in preventing stroke, and the effect of thiazides in
preventing heart failure.!*!* Past estimates indicate that the
medications prescribed for HTN in the United States have
changed over time. From 1997 to 2012, angiotensin receptor
blocker (ARB) use has increased from 3% to 18%, CCB use
has decreased from 27% to 18%, diuretic use has been stable
at 24-30%, and beta-blocker use has been stable at 14-16%."

We used nationally representative audit data from
U.S. office-based physicians to examine patterns of HTN
treatment in 2014. These national data describe the popula-
tion treated for HTN, define the medications used in treat-
ment, and assess the adequacy of BP control.
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METHODS
Data collection

Data were extracted from the National Disease and
Therapeutic Index (NDTI), an ongoing nationally represent-
ative physician survey produced by QuintilesIMS (Plymouth
Meeting, PA; formerly IMS Health). The NDTI is a quarterly
audit of approximately 4,800 office-based physicians that
provide information regarding patterns and treatment of
disease in the United States. The physicians are selected from
master lists of the American Medical Association and the
American Osteopathic Association through random sam-
pling stratified by specialty and geographic area. The uni-
verse of physicians from which samples are drawn includes
physicians who are directly involved in office-based care,
and therefore excludes specialties such as pathology, anes-
thesiology, and radiology. Participating physicians are sur-
veyed for a 2-day period during each calendar quarter, and
they complete an encounter form for each patient seen. For
each encounter form, drug therapies are linked to the diag-
nosis specific 6-digit taxonomic codes representing diag-
nostic information (similar to ICD-9). The encounter form
captures information on both newly prescribed and contin-
ued medications as well as nonprescription medications. In
addition to diagnostic and drug information, the NDTT also
provides information regarding patient characteristics (age,
gender, race, insurance type, SBP, diastolic BP, etc.) as well
as information regarding physician characteristics (specialty,
region, etc.).

Information from this sample is then used to calculate
representative national projections by assigning weights to
each sample encounter. These weights account an independ-
ent estimate of total national encounters, the representative-
ness of specialties, and the number of visits sample by each
physician. For example, visits to physicians who collect fewer
visits would receive a larger weight compared to physicians
who collect more visits.!-2!

Using the data available within the NDTI, the ICD-9 code
used to select for patients within our study with a diagnosis of
HTN were 401.0 (malignant essential HTN), 401.1 (benign
essential HTN), and 401.9 (unspecified essential HTN).2223
These ICD-9 codes have been used in previous studies to
define a diagnosis of HTN.2#% Since the focus of the study
involved national trends in the management of all severities
of primary HTN, no clinical exclusion criteria were applied.
Among the patients identified to have one of the above diag-
noses of HTN from January 2014 through December 2014,
prescribed antihypertensive therapies were identified using
the 5-digit Uniform System of Classification (USC). For
patients prescribed 2 or 3-drug combination medications,
each chemical component was counted once as if they were
separate. Data were stratified by different patient, provider,
and visit characteristic groups.

Analysis

The percentage of each antihypertensive class prescribed
was calculated by dividing the total number of each drug
class prescribed by the total number of treatment visits

for HTN. Patients taking a particular class were defined as
the weighted national projection of the number of visits to
patients with a diagnosis of HTN and treatment with that
particular medication class. Total patients were defined as
the national weighted projection of the number of visits by
patients with a diagnosis of HTN and treatment with at least
one antihypertensive medications.

Because many patients are taking more than one medi-
cation, the sum of these percentages is greater than 100%.
To compare medication selection among different patient
and physician strata, we calculated the proportional use by
agent within each subpopulation (i.e., females prescribed
angiotensin-converting enzyme inhibitors [ACEIs] divided
by total number of females treated for HTN). To account for
the small percentage of data reported as “N/A” or “unspeci-
fied”, these groups were redistributed into the other data
groups based on weighted percentages. Ninety-five per-
cent confidence intervals (Cls) were calculated using avail-
able tables of relative standard errors that account for the
complex, multistage NDTI sampling design of each annual
audit. Descriptive statistics were used to examine the pre-
scribed antihypertensive agents and drug classes, as well
as the patient and physician characteristics associated with
particular antihypertensive agents. P values were calculated
using a 2-tailed t-test.

RESULTS

The total number of visits by patients with HIN in 2014
associated with antihypertensive treatment was 95.1 million
(95% CI, 94.7-95.5). Among those treated for HTN, there
were more patients age = 60 (62%) vs. age <60 (38%), more
White patients (68%) compared to Black (19%), Hispanic
(6%), or Asian patients (5%) and more patients covered by
Medicare (38%) and 3rd party insurance (32%) compared
to HMO (17%) and Medicaid (5%) (Table 1). Most patients
were treated by primary care physicians (75%) with 10%
treated by cardiologists and 15% by a variety of other spe-
cialties. BP control widely varied among this medication-
treated group of patients: SBP 2160 (15%) vs. SBP 150-159
(9%) vs. SBP 140-149 (19%) vs. SBP 130-139 (26%) vs. SBP
<130 (32%) (Figure 1).

Of those treated for HIN, ACEIs were used in 28.5%
(95% CI, 28.3-28.6%) followed by thiazide diuretics at 24.2%
(95% CI, 24.0-24.4%), ARBs at 21.5% (95% CI, 21.3-21.6%),
CCBs at 21.1% (95% CI, 21.0-21.3%), and beta-blockers at
18.7% (95% CI, 18.6-18.9%). Lisinopril was the most com-
monly prescribed ACEI (21.9% of all patients), followed by
benazepril (2.9%), enalapril (1.4%), and ramipril (1.0%).
Hydrochlorothiazide was the most commonly prescribed thi-
azide (22.2%), followed by chlorthalidone (1.1%). Losartan
was the most commonly prescribed ARB (9.4%), followed
by olmesartan (5.1%), and valsartan (4.3%). Amlodipine
was the most commonly prescribed CCB (17.7%), followed
by diltiazem (1.6%). Metoprolol was the most common
beta-blocker (8.3%), followed by atenolol (4.1%), nebivolol
(2.2%), and carvedilol (2.1%) (Table 2). The most commonly
prescribed antihypertensive agents were approved over 2
decades ago. All antihypertensive agents prescribed to more
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Table 1. Patient characteristics

National Percentage among

projection in those treated for

millions hypertension
Age <60 36.5 38.4%
Age 2 60 58.6 61.6%
Gender
Female 48.1 50.5%
Male 47.0 49.5%
Race
White 64.8 68.2%
Asian 4.6 4.8%
Black 17.7 18.6%
Hispanic 5.7 6.0%
Other/unspecified 23 2.4%
Insurance
3rd party 30.2 31.8%
HMO 16.5 17.4%
Medicare 35.8 37.6%
Medicaid 5.2 5.4%
Other 7.4 7.8%
Patient SBP
SBP < 130 30.4 32.3%
SBP 130-139 24.0 25.5%
SBP 140-149 17.4 18.5%
SBP 150-159 8.1 8.6%
SBP = 160 14.2 15.1%
Prescriber specialty
Cardiology 9.9 10.4%
Primary care? 71.5 75.2%
Other 13.7 14.4%
Prescriber region
East 22.7 23.9%
Midwest 19.6 20.6%
South 35.5 37.4%
West 17.3 18.2%

aPrimary care includes family practice, general practice, internal
medicine, geriatrics.

Abbreviation: SBP, systolic blood pressure.

Source: QuintilesIMS, NDTI, 2014.

than 5% of patients had an approval date of 2002 or earlier?
(Figure 2).

Selection of agents varied modestly among different patient
groups. The proportional use of ACEIs was higher among
those age <60 vs. age 260 (34% vs. 27%, P < 0.001), and use
of thiazides was also higher (27% vs. 24%, P < 0.001). Use
of ACEIs was higher among men vs. women (32% vs. 26%,
P <0.001) and use of beta-blockers was lower (18% vs. 21%,
P <0.001). Use of CCBs was higher among Blacks vs. Whites
(27% vs. 20%, P < 0.001) and use of thiazides was also higher
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Figure 1. Systolic blood pressure among those treated for hyperten-
sion. (Adapted from QuintilesIMS, NDTI, 2014.)

(28% vs. 23%, P < 0.001) whereas use of ACEIs was lower
(24% vs. 30%, P < 0.001). Use of ARBs was higher among
Asians vs. Whites (30% vs. 21%, P < 0.001). Use of ARBs was
lower among those with Medicaid vs. those with 3™ party
and PPO insurance (12% vs. 24%, P < 0.001), and use of
thiazides was also lower (23% vs. 28%, P < 0.001) (Table 3).
Primary care providers were more likely to prescribe ACEIs
compared to cardiologists (29% vs. 20%, P < 0.001) as well
as thiazides (25% vs. 18%, P < 0.001), whereas primary care
providers were less likely to prescribe beta-blockers com-
pared to cardiologists (18% vs. 26%, P < 0.001) (Figure 3).

ACEI use was significantly more likely in patients with
SBP <130 (31.1%) compared with those with BP =160
(25.4%). In contrast, the use of CCBs was less likely among
those with SBP <130 (20.0%), but more likely among those
with SBP 160 (26.0%) (Table 3).

DISCUSSION

Nationally representative data of office-based physicians
from the NDTI was used to identify prescribing patterns
for HTN in 2014. Compared to the U.S. general population,
those treated for HTN in 2014 tended to be older (62% age
260 among those with treated HTN vs. 18% in the general
population),?” were less likely to be White (68% among those
with treated HTN vs. 77% in the general population), were
more likely to be Black (19% among those treated with HTN
vs. 13% in the general population).?® The majority of pre-
scribers were primary care physicians (75.2%), and from
the southern United States. Although 58% of patients being
treated had SBP <140, many had SBP >140, including 9%
with SBP 150-159 and 15% with SBP >160. Inadequate BP
control in this setting is particularly concerning. All were
accessing outpatient services and were reported to be on
antihypertensive medications, thereby surmounting 2 com-
mon barriers to adequate HTN control.

The treatment of HTN in 2014 predominantly involved
5 major classes of drugs: ACEIs, thiazide diuretics, ARBs,
CCBs,andbeta-blockers. Selection of antihypertensive agents
was generally consistent across patient subpopulations, but
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Table 2. Drug class details among top 5 classes of antihypertensive
drugs prescribed in 2014

National Percentage of
projection treated patients
Drug name in millions on this medication
ACEls 271 28.5%
Lisinopril 20.8 21.9%
Benazepril 2.8 2.9%
Enalapril 1.3 1.4%
Ramipril 1.0 1.0%
Quinapril 0.7 0.7%
Other 0.5 0.5%
Thiazides 23.0 24.2%
Hydrochlorothiazide 211 22.2%
Chlorthalidone 1.0 1.1%
Other 0.9 0.9%
ARBs 20.4 21.5%
Losartan 9.0 9.4%
Olmesartan 4.9 5.1%
Valsartan 4.1 4.3%
Irbesartan 0.8 0.9%
Telmisartan 0.7 0.7%
Other 1.0 1.0%
CCBs 20.1 21.1%
Amlodipine 16.8 17.7%
Diltiazem 1.5 1.6%
Verapamil 0.8 0.8%
Nifedipine 0.8 0.8%
Other 0.2 0.2%
Beta blockers 17.8 18.7%
Metoprolol 7.9 8.3%
Atenolol 3.9 4.1%
Nebivolol 21 2.2%
Carvedilol 2.0 2.1%
Bisoprolol 0.7 0.8%
Labetalol 0.5 0.5%
Other 0.6 0.7%
Nonthiazide diuretics 4.1 4.3%
Triamterene 2.0 2.1%
Furosemide 1.0 1.0%
Other 0.6 0.6%
Central acting agents 1.4 1.5%
Clonidine 1.3 1.4%
Other 0.1 0.1%
Vasodilators 0.7 0.7%
Hydralazine 0.6 0.6%
Other 0.0 0.1%

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angio-
tensin receptor blocker; CCB, calcium-channel blockers.
Source: QuintilesIMS, NDTI, 2014.
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Figure 2. Original approval date of the antihypertensive drugs by pre-
scribing prevalence. (Adapted from QuintilesIMS, NDTI, 2014. Approval
dates received from the FDA drug database [26].)

varied occasionally between age, gender, race, and insurance
type. JNC 7 Guideline recommended use of thiazide-type
diuretics for most patients as first-line therapy; however,
thiazide diuretics were not the most prevalent drug class in
2014. This may reflect JNC 8 guideline equally emphasis on
of thiazide, CCB, ACEI, or ARB as first-line agents in non-
Black populations. An analysis of baseline data from SPRINT
also found that thiazide prescription below expected levels—
while 43% of the cohort was on a thiazide at baseline, the
prevalence of thiazide prescription was only 16% among
participants treated with a single agent, and over one third
of patients taking >3 agents did not receive a thiazide.?

Use of ARBs was lower among those with Medicaid vs. all
other insurance types, which may reflect the higher cost of
most ARBs. Losartan, which became available as a generic in
2010, is the most commonly prescribed ARBs. Beta-blockers
were more likely to be prescribed by cardiologists vs. primary
care providers likely resulting from other cardiovascular
indications that coexist with HTN, including atrial fibrilla-
tion, coronary artery disease, and congestive heart failure.

The predominance of ACEI, BB, CCB, thiazide-type diu-
retic, and ARB, also indicates that newer drugs with novel
mechanisms of action, such as aliskiren and eplerenone,
have been minimally adopted into practice. All prominently
used medications were more than 12 years old.

We observed an association of ACEI use with better BP
control and CCB with worse control. Although differences
in drug effectiveness may contribute to these findings, other
explanations may be possible, including the sequence by
which drugs are selected and differences in the populations
treated with these 2 drug classes (e.g., use of CCBs is more
common in African Americans, who generally had worse
control than other subpopulations).

There are several limitations that exist within our study.
The sample analyzed may differ from the general population
of Americans with HTN. Patient and physician character-
istics collected on the survey are also limited. Additionally,
patients making multiple visits in 2014 could have con-
tributed more data to the national weighted projections, a
potential bias that could have been reflected in our study
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Table 3. Percentage of patients in each stratum taking a particular drug class

ACEI Thiazide CcCB ARB Beta blocker Alpha blocker  Nonthiazide diuretics Other Total

Total 28.5% 24.2% 211%  21.5% 18.7% 0.6% 3.7% 2.4%  120.7%
Age

Age < 60 33.9% 27.2% 20.2% 22.7% 16.7% 0.3% 3.2% 25% 126.7%

Age 2 60 26.5% 23.5% 228% 21.8% 20.9% 0.8% 4.2% 25% 123.0%
Gender

Female 26.0% 25.5% 20.9% 21.7% 20.5% 0.4% 4.6% 29% 122.5%

Male 31.9% 23.7% 221%  22.0% 17.5% 0.8% 3.0% 2.0% 122.9%
Race

White 29.6% 23.4% 19.6% 21.2% 19.9% 0.5% 3.7% 21%  120.0%

Black 24.3% 27.8% 27.4%  19.8% 15.5% 0.7% 4.7% 41% 124.2%

Hispanic 30.5% 27.6% 16.5%  22.3% 16.8% 1.2% 2.0% 2.6% 119.6%

Asian 23.9% 19.9% 252%  29.5% 17.9% 0.4% 2.5% 1.9% 121.2%

Other/unspecified 31.3% 19.2% 20.4%  24.2% 17.7% 0.5% 2.9% 11%  117.3%
Insurance

3rd party and PPO  29.7% 27.5% 19.9% 24.4% 17.2% 0.5% 3.6% 21%  124.9%

HMO 30.6% 24.5% 20.3% 23.1% 17.1% 0.7% 3.1% 1.4%  120.8%

Medicare 25.2% 21.3% 22.9% 20.6% 21.0% 0.6% 4.2% 29% 118.6%

Medicaid 32.4% 22.9% 20.8% 12.4% 16.8% 0.4% 3.9% 46% 114.1%

Other 31.6% 25.1% 19.9% 16.3% 19.0% 0.6% 3.0% 3.0% 118.6%
Old vs. new prescription

Continued therapy ~ 31.1% 26.1% 22.7% 22.8% 20.5% 0.5% 4.0% 22% 129.9%

New therapy 27.3% 25.0% 22.5% 24.0% 17.8% 1.2% 4.1% 47%  126.6%
Prescriber specialty

Primary care? 29.4% 25.3% 211%  21.9% 17.6% 0.5% 3.9% 2.0% 121.7%

Cardiology 20.4% 18.0% 231% 221% 26.1% 0.9% 3.7% 29% 117.2%

Other 29.2% 23.1% 20.0% 191% 19.2% 0.5% 2.9% 45% 118.4%
Prescriber region

East 24.8% 23.9% 22.9% 24.6% 19.9% 0.4% 5.9% 2.2% 124.5%

Midwest 32.5% 25.8% 19.2% 17.7% 19.4% 0.7% 7.1% 2.0% 124.4%

South 27.9% 24.4% 221% 21.8% 18.6% 0.7% 9.3% 2.9% 127.6%

West 29.9% 22.4% 19.1%  20.9% 16.7% 0.5% 7.1% 24%  119.0%
SBP

SBP < 1302 31.1% 251% 20.0% 21.1% 20.4% 0.3% 3.8% 2.0% 123.9%

SBP 130-1392 29.7% 27.8% 231% 22.3% 17.2% 0.4% 4.3% 3.0% 127.8%

SBP 140-1492 27.7% 24.7% 23.7% 22.5% 17.8% 1.0% 4.0% 3.1% 124.5%

SBP 150-1592 25.6% 25.4% 249%  23.0% 17.9% 0.6% 2.4% 53% 125.2%

SBP = 1602 25.4% 26.0% 26.0% 20.5% 20.6% 0.8% 3.2% 9.4% 131.8%

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium-channel blockers; SBP,
systolic blood pressure.

aPrimary care includes family practice, general practice, internal medicine, geriatrics.

Source: QuintilesIMS, NDTI, 2014.

results. We are also not able to identify other concomitant indication and selection of drug class. The NDTI does not
indications for antihypertensive medications such as chronic account patient adherence to medications, but represents
kidney disease, coronary heart disease, congestive heart the prescription orders generated by physicians. While more
failure, and atrial fibrillation, which could affect treatment complicated patients may be over-represented among those
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Figure 3. Prescribing patterns of antihypertensive therapy stratified by specialty—primary care, cardiology, and other. (Adapted from QuintilesIMS,

NDTI, 2014.)

seen in doctors’ offices, patients in this audit may show bet-
ter BP control given their access to prescription medications
and outpatient care.

In conclusions, the treatment of HTN in 2014 predomi-
nantly involved 5 major classes of drugs: ACEISs, thiazide
diuretics, ARBs, CCBs, and beta-blockers with overwhelm-
ing use of older agents. Given the studied patients’” access to
outpatient care and medications, observed BP control was
suboptimal. Our findings indicate a need for focused efforts
to improve BP control, particularly in the 24% of treated
patients with SBP >150.
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