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BACKGROUND: Hypertension (HTN) is a major
cardiovascular risk factor yet control rates remain
suboptimal. Thus, improving recognition, treatment, and
control of HTN by focusing on novel populations such as
hospitalized patients is warranted. Current consensus
guidelines do not address inpatient HTN, and little is known
about HTN prevalence or patterns of care in this setting.

METHODS: We conducted a systematic review of English-
language studies published in 1976 or later that reported on
HTN prevalence and care patterns among adult inpatients.
We included MEDLINE-indexed randomized-controlled
trials, meta-analyses, and observational studies that: (1)
reported estimates of the prevalence of HTN in the inpatient
setting, and (2) used HTN diagnosis or treatment as a
primary focus. We excluded randomized, controlled trials
that recorded measures of inpatient blood pressure but
whose focus was not HTN.

RESULTS: We identified 9 studies meeting inclusion
criteria, and in those studies, HTN was highly prevalent
among inpatients, ranging from 50.5% to 72%.
Intensification  of  antihypertensive  treatment was
inconsistent, and 37% to 77% of hypertensive patients
remained hypertensive at the time of discharge. Most
patients with inpatient HTN continued to have elevated
blood pressures at outpatient follow-up.

CONCLUSIONS: Inpatient HTN is prevalent and a large
percentage of those with this condition remain hypertensive
at the time of discharge and at follow-up. The potential
exists for improved recognition and treatment of newly
diagnosed and known, but uncontrolled, HTN observed in
the inpatient setting. Journal of Hospital Medicine
2011;6:417-422. © 2010 Society of Hospital Medicine.
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Hypertension (HTN) is highly prevalent in the general
adult population with recent estimates from the
National Health and Nutrition Examination Survey
(NHANES) of 29% in the United States."” The rela-
tionship between increasing levels of blood pressure
(BP) and increasing risk for cardiovascular disease
events and stroke is well established.®> However, while
64% of treated HTN patients have a BP <140/<90
mmHg, overall control rates for HTN in the adult
population remain at approximately 44%.> The 20%
discrepancy in control rates between treated patients
and the overall adult population reflects the fact that
approximately 30% of patients are unaware of their
HTN and that a substantial proportion of aware
patients remain untreated. Historically, efforts to
improve the recognition, treatment, and control of
HTN have appropriately focused on the outpatient
setting. However, programs to extend screening for
HTN outside the clinic into the community, schools,

*Address for correspondence and reprint requests: Dr. R. Neal Axon,
MD, MSCR, 96 Jonathon Lucas Street, PO Box 250623, Charleston, SC
29425; Telephone: 843-792-6350; Fax: 843-792-6355;

E-mail: axon@musc.edu

Received: November 24, 2009; Revised: April 13, 2010; Accepted:
April 20, 2010

2010 Society of Hospital Medicine DOI 10.1002/jhm.804
Published online in Wiley Online Library (Wileyonlinelibrary.com).

and even dentists’ offices have been around for some
time.*’

The potential also exists to improve the recognition,
treatment, and control of HTN by focusing on hospi-
talized patients. Hospitalization is common in the U.S.
with almost 35 million acute hospitalizations and
more than 45,000 inpatient surgical procedures in
2006.'° Inpatient populations have increased in age
and comorbidity over the past 3 decades whereas
lengths of stay and continuity of care between the
inpatient and outpatient arenas have diminished.'®"!
Multiple prior studies examining BP in different set-
tings have noted that average BP among hospitalized
patients is not systematically higher than that of out-
patients.’*™'* Thus, patients with persistently elevated
BP in the inpatient setting without mitigating factors
may have HTN that will persist after hospital dis-
charge. However, little information is available
regarding the actual prevalence of HTN in the inpa-
tient population and care patterns for inpatient HTN.
Therefore, we performed a systematic review of the
English-language medical literature in order to
describe the epidemiology of HTN observed in the
inpatient setting.

METHODS

Our search strategy was designed to identify random-
ized-controlled trials, meta-analyses, and
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Inclusion Criteria

Inclusion Criteria

Title/Abstract Bibliography AHA Abstract Content Expert
Medline Search Review Review Review Review 4?:33_9‘:“8:;':&5
826 Titles 41 Full-text articles 8 Full-text articles 0 Abstracts 0 Articles roiawed
reviewed reviewed Included Included
Y y A 4
5 Articles Met 3 Articles Met 1 Article Met

Inclusion Criteria

| Axonetal.

!

9 Articles Included
in Systematic
Review

Inclusion Criteria:
1) Randomized-controlled trial (RCT), meta-
analysis, or observational study reporting data on

the prevalence of HTN for adults (2 19 years) in the
inpatient setting.

2) HTN diagnosis or treatment a primary study
outcome or focus.

Exclusion Criteria:

1) Studies published prior to 1976.

FIG. 1. Search results by stage.

observational studies that: (1) reported estimates of
the prevalence of HTN in the inpatient setting, and
(2) used HTN diagnosis or treatment as a primary
focus. We performed an extensive review of the peer-
reviewed, English language medical literature in
MEDLINE using a predetermined search algorithm.
Search terms included “HTN”[Mesh] or “BP”’[Mesh].
These results were cross-referenced with the following
search terms: “Inpatients”’[Mesh| or ‘“Hospitaliza-
tion”[title/abstract] or ‘‘Hospitalized™[title/abstract].
Articles were further narrowed using the following
terms: ‘‘Prevalence”[Mesh]| or “Epidemiology”’[Mesh|
or “Treatment”[title/abstract] or ‘“Management”
[title/abstract]. Limits employed included limiting to
humans and to adults 19 years-of-age and older. Stud-
ies published prior to 1976 were excluded because
1976 was the first year that the Joint National Com-
mittee on Prevention, Detection, Evaluation, and
Treatment of High BP published consensus guidelines
for the diagnosis and management of HTN. We also
excluded randomized, controlled trials that recorded
measures of inpatient BP but whose focus was not
HTN, because such trials would not answer the pri-
mary epidemiologic question of this review. We did
include trials focused on subspecialty populations for
which the diagnosis and inpatient management of
HTN were key outcomes.

Next, the bibliographies of reviewed studies were
investigated for additional relevant reports. Abstracts
from the American Heart Association (AHA) were
reviewed for the past 15 years for reports that were
presented but not subsequently published and avail-

able in MEDLINE. We also searched for articles using
the online Google search engine. One author (RNA)
performed the preliminary MEDLINE search and
abstract review with the assistance of a reference li-
brarian (LC), and a second author (BME) also
reviewed full-text articles for potential inclusion. Ulti-
mate decision for study inclusion was reached through
discussion among authors. Finally, a list of potential
articles was submitted to 2 experts in this field of
study to determine whether other reports met our
inclusion criteria for this systematic review but were
overlooked.

RESULTS

Search Results

The initial MEDLINE search algorithm yielded a total
of 826 articles. After title and abstract review, 41 full-
text articles were obtained for detailed review, and 5
met criteria for inclusion. Three additional articles
were discovered through searching the bibliographies
of the included studies. No AHA abstracts addressed
this subject area. Experts were not aware of any addi-
tional studies. One article was located using a Google
search. In all, 9 articles were deemed suitable for
inclusion in this review. Search results at each stage
are depicted in Figure 1.

Description of Included Studies

Characteristics of included studies are depicted in Ta-
ble 1. Two older retrospective cohort studies reported
HTN prevalence using earlier, less stringent diagnostic
criteria. Shankar et al."’ abstracted data from more
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TABLE 1. Characteristics of Included Studies

Study Design Setting Hypertension Prevalence Diagnostic Criteria for HTN
Shankar et al." (1982) Retrospective cohort All'hospital discharges in 23.8% (4571/19,259) HTN diagnosis in record o diastolic
Maryland in 1978 BP > 100 mm Hg
Greenland et al."® (1987) Retrospective cohort Single University Center, U.S., 28% (143/536 ) HTN diagnosis in record or mean of first
medical/surgical patients 4 hospital BP measures > 160/90 mm Hg
Euroaspire |” Retrospective cohort with 9 European countries, coronary 57.8% (2553/4415) Admission BP > 140/90 mm Hg or on
prospective follow up heart disease admissions antihypertensive medications
Euroaspire I"® Retrospective cohort with 15 European countries, coronary 50.5% (2806/5556) Mean clinic BP at 6-18 months follow up
prospective follow up heart disease admissions of > 140/90 mm Hg
Amar et al.2 (2002) Retrospective cohort 77 Cardiology centers, France, 58.5% (729/1247) HTN diagnosis in record or admission
ischemic heart disease admissions BP > 140/90 mm Hg
Onder et al.® (2003) Cross-sectional 81 Hospitals, Italy, elderly patients *86.9% (3304/3807) HTN diagnosis in record AND admission
with known HTN BP > 140/90 mm Hg
Jankowski et al."® (2005) Retrospective cohort with 3 University cardiology 70.2% (593/845) Mean clinic BP at 6-18 months follow up
prospective follow up centers, Poland of > 140/90 mm Hg
Conen et al.2' (2006) Cross-sectional Single University Center, U.S., 172.6% (228/314) HTN diagnosis in record OR mean 24-hour
medical/surgical patients BP > 125/80 mm Hg
Giantin et al 2 2009) Cross-sectional Single University Center, Italy, 56.4% (141/250) Mean 24-hour BP > 125/80 mm Hg

medical/surgical patients

Abbreviations: BP, blood pressure; HTN, hypertension. * All patients in this cohort had a prior ICD-9 diagnosis of HTN, so this number reflects the proportion of known hypertensive patients uncontrolled at the time of admission.
" Atotal of 175 patients with known HTN on admission. A total of 53 additional patients diagnosed with HTN based on 24 hour ambulatory BP monitoring during hospitalization.

than 19,000 adults discharged alive from Maryland
hospitals during 1978. Greenland et al.'® performed
chart review for 536 medical and surgical inpatients
in 1987 reporting information on the proportion of
patients appropriately diagnosed as having HTN and
the proportion with controlled BP on admission and
at discharge based on then-current JNC-III criteria
(HTN if BP > 160/90).

Four studies focused primarily on cardiac patients.
The European Society of Cardiology survey of second-
ary prevention of coronary heart disease (EUROAS-
PIRE I) and subsequent EUROASPIRE 1I studies used
retrospective chart review and prospective follow up
clinic visits with a focus on baseline patient character-
istics and risk factor modification at post-discharge
follow up.'”'® Jankowski et al.'® studied 845 similar
cardiac patients discharged from 6 Polish centers.
Amar et al.?° performed a retrospective cohort study
using records from 77 French cardiology centers to
assess the impact of BP control prior to discharge in
patients with acute coronary syndromes on the pre-
vention of subsequent nonfatal myocardial infarction
(MI) and cardiac death.

Two studies utilized 24-hour BP monitoring to diag-
nose HTN among inpatients, and compared this to
routine inpatient measurement techniques. Conen
et al.*! performed 24-hour BP monitoring on 314 con-
secutive stable medical and surgical inpatients admit-
ted to a Swiss University hospital. Giantin et al.?* also
performed 24-hour monitoring on a cohort of elderly
Italian outpatients and inpatients to determine the
prevalence of masked and white coat HTN in differ-
ent care settings. Finally, Onder et al.** reported on
rates of uncontrolled BP and HTN management
among known hypertensives as part of a series of

cross-sectional surveys performed on elderly Italian
inpatients.*®

Inpatient HTN Prevalence

Overall, study authors reported an HTN prevalence
among inpatients that ranged from 50.5% to 72%.
Estimates varied somewhat based on HTN definitions,
diagnostic standards utilized, measurement techniques,
and patient populations. In earlier studies HTN preva-
lence was reported at 23.8% to 28%, but these likely
represented significant underestimates by current diag-
nostic standards.'>'® High estimates by Onder et al.*
(86.9%) stem from selection criteria that included a
prior billing diagnosis of HTN coupled with elevated
admission blood pressures. Estimates in the 50% to
70% prevalence range were seen in studies that
focused on cardiac and general medical inpatients.'”
22 Additional findings of included studies are listed in
Table 2.

Accuracy of Inpatient BP Measures

In two studies, 24-hour BP monitors produced preva-
lence estimates ranging from 56.4% to 72.6%.2"** In
both studies, a significant proportion of patients had
masked HTN, or HTN detected by 24-hour BP moni-
toring alone. Also, 28% to 38% of patients without a
prior HTN diagnosis, who were not detected by rou-
tine measures, were found to be hypertensive by 24-
hour monitoring. Finally, Conen et al.>! retested a
subset of hypertensives with 24-hour monitoring one
month after hospitalization, and 87.5% remained
categorized as hypertensive on follow-up. Of note, it
is unclear how this subset of patients was selected.

An Official Publication of the Society of Hospital Medicine

Journal of Hospital Medicine Vol 6 | No7 | September 2011 419



Inpatient Hypertension Review | Axon et al.

TABLE 2. Key Findings of Included Studies

Clinical Question

Findings

Accuracy of routing inpatient BP measurements

Proportion of HTN patients uncontrolled on admission
Proportion of HTN patients uncontrolled at discharge
Proportion of HTN patients without a recorded diagnosis at discharge

Proportion of uncontrolled HTN patients receiving intensification of
therapy during index admission
Proportion of HTN controlled at follow up

56.4% to 72.6% of inpatients receiving 24 hour BP monitoring had HTN.2'%2
28% 10 38% of HTN patients had masked HTN (identified by 24-hour monitoring
but not revealed by routine inpatient BP measures).
86.9% of patients with previously documented HTN were uncontrolled on admission.?
37%to 77% of inpatients with HTN still had BP > 140/90 mm Hg at time of discharge.©2%
8% 10 44% of patients with elevated BP > 140/90 mmHg were discharged without a
documented diagnosis of HTN,'576-181¢
53.1% of patients with uncontrolled BP received additional antihypertensive
medication upon discharge.
50% of patients with HTN were controlled to < 140/90 mm Hy at follow up."”

Abbreviations: BP, blood pressure; HTN, hypertension.

Proportion of Controlled HTN on Admission and
Discharge

Because most included studies established prevalence of
HTN based in part upon uncontrolled BP at hospital
admission, estimates for the proportion of hypertensive
patients controlled on admission were not given. How-
ever, Onder et al.?® did examine patients with a prior
International Classification of Diseases, 9th edition
(ICD-9) diagnosis of HTN and uncontrolled HTN (BP
> 140/90) on admission. At discharge, only 23.2% of
this cohort was controlled with a BP < 140/90 mmHg.
However, other estimates suggested that 37% to 44%
of patients remained uncontrolled at discharge.®*°

Proportion of Undiagnosed HTN

In 4 studies, the proportion of patients with elevated
BP and/or a history of HTN who did not receive a di-
agnosis of HTN upon discharge ranged from 8.8% to
44% between cohorts.'>!%!81 Interpretation of these
estimates, however, is difficult due to significant dif-
ferences between the studies. For example, both ear-
lier studies were performed during an era of higher
thresholds for HTN diagnosis and lower overall HTN
awareness.'>'® Both studies of cardiac patients sug-
gested lower rates of nondiagnosis than might have
been found in general medical or surgical inpa-
tients.'®!” One of the 4 studies also suggested that
surgical patients who were hypertensive during hospi-
talization were more likely than medical patients to be
discharged without a HTN diagnosis (17% vs. 4%, P
< 0.05); although, the overall number of patients was
small (18/146 remained undiagnosed).'®

Proportion Receiving Intensification of Therapy

In 3 studies, prescribing practices for hypertensive
inpatients were discussed. Shankar et al."> found that
only 62% of patients with a recorded HTN diagnosis
received antihypertensive medications during hospital-
ization. Unfortunately, no information was given on
the proportion of patients prescribed antihypertensive
medications at the time of discharge. However, Green-
land et al.'® found no net increase in BP medication
use at discharge compared to admission despite 44%
of patients remaining uncontrolled to <160/90 mmHg

at the time of discharge. Onder et al.*® determined
that BP medication was intensified in only 53.1% of
hypertensive patients during hospitalization. Younger
age, fewer drugs on admission, lower comorbidity
index, diagnosis of congestive heart failure, lengthy
hospital stay, and increasing levels of BP (systolic and
diastolic) were all associated with more aggressive
prescribing practices. Interestingly, Jankowski et al.'”
found that treatment with a BP lowering agent at dis-
charge was associated with the lowest odds of non-
treatment at follow up (odds ratio [OR] 0.08, 95%
confidence interval [CI] 0.03-0.19).

Proportion of HTN Controlled at Follow Up

In the EuroASPIRE 1 study, ~50% of HTN patients
had a systolic BP of < 140 mm Hg at follow up 6
months after hospitalization for MIL'" Jankowski
et al."” found that patients with documented inpatient
HTN but without a recorded HTN diagnosis during
index admission were 4 times more likely (19.2% vs.
4.5%, P < 0.0001) to be untreated for their HTN at
6 to 18 months postdischarge, and they were less
likely to be controlled at <140/90 mmHg. In a sepa-
rate cohort of cardiac patients, multivariable modeling
identified uncontrolled isolated systolic HTN at hospi-
tal discharge as an independent predictor of subse-
quent cardiac death or nonfatal MI at 6 months fol-
low up (OR, 1.96; 95% CI, 1.15-3.36).%°

DISCUSSION

The present systematic review highlights the high preva-
lence of HTN with contemporary estimates ranging
between 50% and 72% in general medical/surgical and
cardiology populations. Furthermore, routine inpatient
BP measurements may underestimate the prevalence of
HTN among inpatients when compared to 24 hour BP
monitoring; although there is no current diagnostic
standard for HTN among inpatients. Among patients
with uncontrolled BP on admission, BP typically
remains above recommended levels at the time of dis-
charge. Further, studies commenting on the prescribing
practices at the time of discharge did not detect a strong
tendency to intensify antihypertensive regimens in
patients with uncontrolled inpatient HTN.'®** Most
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importantly, our data suggest that the medical literature
is lacking: only 9 reports met our inclusion criteria for
this review.

The validity of inpatient BP measures for making an
HTN diagnosis remains a concern when asserting that
the inpatient setting is appropriate for HTN screening
and efforts to improve BP control. For example, BP
measures might be inaccurate because of the inherent
heterogeneity of patients with acute illness often with
associated pain and nausea that might raise or lower
BP. Inpatients often need to have their BP medications
held for appropriate reasons, or they may have addi-
tional medications while hospitalized that also affect
BP. Finally, BP measures in the inpatient setting are
less commonly performed using standardized techni-
ques or with accurate BP devices. However, both
studies included in this review featuring follow up
outpatient BP measures found high degrees of correla-
tion between inpatient and outpatient measures.'”*!
Also, Giantin and colleagues reported that 28.6% of
elderly patients who were normotensive based on rou-
tine BP measures, were actually hypertensive based on
24-hour ambulatory BP monitoring.*?

Some clinicians may have concerns about starting or
titrating BP medications in dynamic hospitalized
patients. Certainly, this should be done with caution
and in appropriately selected patients. We would
argue that achieving complete BP control during an
index hospitalization as emphasized by Greenland and
Amar is not always the most appropriate goal. How-
ever, appropriate recognition of persistently elevated
BP does offer the opportunity to make an HTN diag-
nosis and to refer for future outpatient treatment or
to communicate with existing primary care providers.
The latter is especially important in this era of discon-
tinuity between inpatient and outpatient care. Begin-
ning or titrating BP medications in the hospital also
has advantages for 2 reasons. First, medications
started in the hospital tend to be the medications on
which patients are sent home. Second, in the study by
Jankowski et al.,'” the failure to prescribe an antihy-
pertensive medication at the time of discharge was the
single strongest predictor of nontreatment at 6 to 18
months follow-up despite other follow up outpatient
visits where BP medications might have been titrated.

Multiple lines of evidence suggest that failure to
appropriately manage HTN observed in the inpatient
setting can impact subsequent medication use and dis-
ease outcomes for high-risk patients. Amar et al.*°
found that better controlled systolic BP on hospital
discharge is associated with better outcomes in
patients with ischemic heart disease. Only 35% of
patients in one cohort admitted to the hospital with
hypertensive urgency or emergency completed an out-
patient follow up visit for HTN within 90 days. How-
ever, 37% were readmitted and 11% died during 3
month follow up.”* Predischarge initiation of a beta

blocker in congestive heart failure patients has been
associated with a nearly 18% absolute increase in
rates of beta blocker use at 2 months follow-up.*
Finally, prescription of antihypertensive medications is
suboptimal for secondary stroke prevention despite a
number needed to treat of 51 patients to prevent one
stroke annually.?®*’

The primary limitation of this review is the paucity
of published reports documenting the prevalence of
inpatient HTN. It is possible that important articles
were missed, but we did follow a prespecified system-
atic search strategy with the assistance of a trained
reference librarian. Also, the definition of HTN varied
significantly between studies. However, current con-
sensus guidelines do not specifically address the diag-
nosis or management of HTN in the inpatient
setting.”®

In summary, available medical evidence suggests that
HTN is a common problem observed in the hospital.
Opportunities for the appropriate diagnosis of HTN
and for the initiation or modification of HTN treatment
are often missed. Future studies in this area are war-
ranted to better understand the prevalence of HTN in
the inpatient setting and the need to improve HTN
detection, treatment, and control. Clearer diagnostic
and therapeutic guidelines for the detection and treat-
ment of inpatient HTN could contribute to further
improvements in control rates of all hypertensive
patients, especially if coupled with improved care transi-
tions between the inpatient and outpatient setting.

Disclosure: Nothing to report.
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