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IMPORTANCE Despite high prevalence of elevated blood pressure (BP) among medical

inpatients, BP management guidelines are lacking for this population. The outcomes
associated with intensifying BP treatment in the hospital are poorly studied.
OBJECTIVES To characterize clinician response to BP in the hospital and at discharge and

to compare short- and long-term outcomes associated with antihypertensive treatment
intensification.
DESIGN, SETTING, AND PARTICIPANTS This cohort study took place from January 1 to
December 31, 2017, with 1 year of follow-up at 10 hospitals within the Cleveland Clinic
Hospitals health care system. All adults admitted to a medicine service in 2017 were
evaluated for inclusion. Patients with cardiovascular diagnoses were excluded. Demographic
and BP characteristics were used for propensity matching.
EXPOSURES Acute hypertension treatment, defined as administration of an intravenous
antihypertensive medication or a new class of an oral antihypertensive treatment.
MAIN OUTCOMES AND MEASURES The association between acute hypertension treatment
and subsequent inpatient acute kidney injury, myocardial injury, and stroke was measured.
Postdischarge outcomes included stroke and myocardial infarction within 30 days and BP
control up to 1 year.
RESULTS Among 22 834 adults hospitalized for noncardiovascular diagnoses (mean [SD] age,
65.6 [17.9] years; 12 993 women [56.9%]; 15 963 White patients [69.9%]), 17 821 (78%) had
at least 1 hypertensive BP recorded during their admission. Of these patients, 5904 (33.1%)
were treated. A total of 8692 of 106 097 cases (8.2%) of hypertensive systolic BPs were
treated; of these, 5747 (66%) were treated with oral medications. In a propensity-matched
sample controlling for patient and BP characteristics, treated patients had higher rates of
subsequent acute kidney injury (466 of 4520 [10.3%] vs 357 of 4520 [7.9%]; P < .001) and
myocardial injury (53 of 4520 [1.2%] vs 26 of 4520 [0.6%]; P = .003). There was no BP
interval in which treated patients had better outcomes than untreated patients. A total of
1645 of 17 821 patients (9%) with hypertension were discharged with an intensified
antihypertensive regimen. Medication intensification at discharge was not associated with
better BP control in the following year.
CONCLUSIONS AND RELEVANCE In this cohort study, hypertension was common among
medical inpatients, but antihypertensive treatment intensification was not. Intensification
of therapy without signs of end-organ damage was associated with worse outcomes.
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n 2018, there were 36.4 million hospitalizations in the
United States.1 In this setting, the prevalence of hypertension is estimated to be 50% to 72%.2 Despite strong evidence for blood pressure (BP) management in primary care,
analogous evidence to support treatment in the hospital, to our
knowledge, is lacking.3,4 The harms of hypertension, including heart attacks, strokes, and kidney disease, typically occur
after decades of exposure to moderately elevated BP.5 Extremely high symptomatic BP can be associated with acute organ damage,6 and treating hypertensive emergency is standard practice. However, treatment varies by physician, and the
effect of treatment is unknown.7,8 Among asymptomatic outpatients, emergency treatment of even very high BP is not associated with better outcomes.9 Additionally, factors related
to hospitalization, such as pain, nausea, fever, and stress, can
elevate BP independent of underlying hypertension.10 It is
unknown whether such elevations are adaptive or harmful.
Surveys indicate that physicians often treat moderately
increased BP with medication, even in the absence of
symptoms.11 Treatment often involves intravenous medications that are associated with hypotension and prolonged
hospital stays,12-14 but it remains unknown whether treatment has benefits, such as reducing the risk of myocardial
injury or stroke. Intensification of therapy, if continued after
discharge, might also promote better long-term control.
Although antihypertensive intensification after discharge
has been linked to short-term harms,15-18 studies to date
have not considered the inpatient BP that may have
prompted treatment and confounded outcomes. We aimed
to quantify the prevalence of inpatient hypertension, to
characterize hospitalists’ response to elevated BPs, and to
compare short- and long-term outcomes between patients
who were and were not treated at comparable hypertensive
severities.

Methods
We performed a retrospective cohort study using electronic
health record data from patients at 10 Cleveland Clinic Hospitals between January 1 and December 31, 2017. The Cleveland Clinic’s institutional review board approved study activities. A consent waiver was granted because the research
involved no more than minimal risk to the study participants. This study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting
guideline.

Cohort
We included patients older than 18 years admitted to a medicine service. Exclusion criteria included (1) admission for a cardiovascular diagnosis or admission within the past 30 days for
a cerebrovascular event or acute coronary syndrome, as these
have well-defined BP guidelines; (2) pregnancy; and (3) length
of stay less than 2 or greater than 14 days. For patients with
multiple admissions, a single admission was chosen at random. Patients without outpatient medication data were also
excluded.
E2

Key Points
Question Among adults with noncardiac admissions,
is treatment of hypertension during the admission or
antihypertensive treatment intensification at discharge
associated with better outcomes?
Findings In this cohort study of 22 834 adults, inpatient
hypertension treatment, both oral and intravenous, was
associated with higher rates of subsequent acute kidney and
myocardial injury. There was no blood pressure interval in which
treatment was associated with better outcomes, and medication
intensification at discharge was not associated with improved
blood pressure control.
Meaning In this study, in the absence of evidence of end-organ
damage, conservative management of inpatient hypertension
was associated with improved outcomes compared with more
intensive management.

Measures
We collected all systolic BPs (SBPs), diastolic BPs (DBPs), and
heart rates. Measurements from the intensive care unit were
excluded. An SBP measurement of at least 140 mm Hg3,5 was
used to define hypertension.

Adjusters
We collected patient characteristics that might be associated
with treatment, including demographic details (age, sex, and
race/ethnicity) obtained from medical records, comorbidities
(cardiovascular disease, diabetes, and chronic kidney disease), and BP characteristics, including the maximal SBP and
DBP, time from admission in hours, hospital shift during which
the BP was measured, change from prior SBP, and proportion
of the previous 2 measures that were elevated. Race/
ethnicity was included for analysis, because disparities in rates
and control of hypertension as well as antihypertensive intensification are well established.18-20 Options for race/ethnicity
were defined by the health system.

Medications
We collected all medications administered before, during,
and after admission. We classified medications based on the
2017 Guideline for High Blood Pressure in Adults. 5 We
excluded spironolactone and loop diuretics. Antihypertensive drug classes included angiotensin-converting enzyme
inhibitors, calcium channel blockers, angiotensin receptor
blockers (subtype 2), β-blockers, direct-acting vasodilators,
central α2-receptor agonists, potassium-sparing diuretics,
thiazide diuretics, and peripheral α1-receptor blockers. Route
was categorized as intravenous (IV), oral, or other (eg, transdermal or intramuscular).

Outcomes
In our first analysis, the outcome was acute treatment of an
elevated BP, defined as administration of an IV antihypertensive or a new pharmacologic class of oral antihypertensive.
Medication that was initially prescribed before admission was
considered a continuation of outpatient therapy rather than

JAMA Internal Medicine Published online December 28, 2020 (Reprinted)

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Piergiorgio Gigliotti on 01/07/2021

jamainternalmedicine.com

Treatment and Outcomes of Inpatient Hypertension Among Adults With Noncardiac Admissions

treatment of a specific BP. The BP reading immediately before treatment was considered the treated measure. At the patient level, we identified a single measurement as the index
BP for purposes of determining subsequent outcomes: for
treated patients, it was the highest treated BP; for untreated
patients, it was the highest BP during admission. Index BPs
were then matched using both patient and blood pressure characteristics, as described below.
For our second analysis, outcomes were inpatient events
evidencing end-organ damage, including acute kidney injury
(AKI), myocardial injury, stroke, and a composite of all 3. These
outcomes were considered only if they occurred after the
index BP. Strokes were identified by discharge diagnosis and
confirmed by chart review. Acute kidney injury was defined
using the AKI Network definition (serum creatinine increase
by ≥0.3 mg/dL or 1.5 × the initial value).21 Myocardial injury
was based on elevated troponin (>0.029 ng/mL for troponin
T and >0.045 ng/mL for troponin I).
Last, we investigated medication intensification at discharge. We defined intensification as the prescription of an antihypertensive class at discharge that was not present preadmission. Because another study found that intensification at
discharge was associated with short-term adverse events,18
we examined myocardial infarction and stroke within 30 days.
We also assessed BP control in the year after discharge.

Statistical Analysis
At the patient level, we provide descriptive statistics for demographic variables and comorbidities by treatment status, as well
as BP characteristics. Separately, we compared characteristics of treated and untreated BPs, including the measured SBP,
previous SBP, and change from previous systolic measure.
Blood pressure measurements taken after treatment were
excluded from this analysis.
To assess the association between treatment and outcomes, we built a propensity model to predict treatment of an
index measurement (either a patient’s highest BP or highest
treated BP). Covariates in the model included demographics,
individual comorbidities, and index BP characteristics, including interval of measurement, hospitalist shift, time since admission, and change from prior SBP. A generalized linear model
was created, and propensity score matching was performed 1:1
using the nearest neighbor method without replacement with
a caliper width of 0.1. Covariates and postmatch comparisons
are presented in Table 1. Patients were rematched for analyses of treatment route and treatment interval. The propensity model for intensification at discharge also included discharge BP, proportion of hypertensive SBP during admission,
and maximum SBP. Distribution of propensity scores and calculation of standardized mean differences were used to assess strength of matching. Analyses used t tests and χ2 tests
as appropriate. In a sensitivity analysis, we also performed an
inverse probability of treatment weighted analysis to determine the average treatment effect in the entire population.
Statistical significance was defined by a 2-sided P < .05.
As a falsification test, we examined rates of AKI and myocardial injury before index BP among matched patients, because such a relationship could not be causal. All analyses were
jamainternalmedicine.com
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conducted from February 1, 2019, to September 15, 2020, using
R Studio (R Foundation).

Results
Patient-Level Analysis
Of 35 618 patients admitted to a medicine service, 12 784
(35.9%) were excluded based on length of stay or diagnosis.
The final cohort included 22 834 patients (mean [SD] age, 65.6
[17.9] years; 12 993 women [56.9%]; 15 963 White patients
[69.9%]) who were hospitalized for noncardiac diagnoses;
17 821 (78%) had at least 1 elevated SBP. Subsequent analyses
were limited to patients with an elevated SBP. Table 1 shows
patient characteristics by treatment status; 5904 of 17 821 patients (33.1%) received a new treatment: 4378 of 5904 (74.2%)
received only oral treatment, 1516 of 5904 (25.7%) received at
least 1 dose of IV medication with or without oral medication, and the remaining 10 (0.17%) were treated by an alternative route, eg, patch. Treated patients had longer lengths of
stay than nontreated patients (mean [SD], 5.2 [2.7] days vs 5.0
[2.6] days; P < .001), as well as higher rates of chronic kidney
disease (854 of 5904 [14.5%] vs 1604 of 11 917 [13.5%]; P < .001)
and hypertension (3100 of 5904 [52.5%] vs 5749 of 11 917
[48.2%]; P < .001), but they were less likely to have asthma
(412 of 5904 [7%] vs 1191 of 11 917 [10%]; P < .001) or chronic
obstructive pulmonary disease (899 of 5904 [15.2%] vs 2334
of 11 917 [19.6%]; P < .001).
Treated patients had more hypertensive SBP measurements (mean [SD], 13.0 [10.3] mm Hg vs 6.8 [6.6] mm Hg;
P < .001), more measurements per day (mean [SD], 5.3 [1.9] vs
5.0 [1.9]; P < .001), and a higher proportion of hypertensive
SBPs (mean [SD], 0.5 [0.3] vs 0.3 [0.3]; P < .001) (eTable 1 in
the Supplement). Patients with higher maximum BP were more
likely to be treated; 128 of 152 (84.2%) patients in the 210 to
219 mm Hg range were treated, whereas only 578 of 4176
(13.8%) patients in the 140 to 149 mm Hg range were treated.
A similar pattern was observed among DBP intervals.

Blood Pressure–Level Analysis
At the BP level, 157 273 of 531 933 (29.6%) SBP readings were
140 mm Hg or higher, and 23 398 of 531 933 (4.4%) DBP readings were 90 mm Hg or higher. Table 2 compares treated and
untreated BP measurements, including only BP measurements from untreated patients or those taken before treatment. Of 106 097 hypertensive readings, 8692 (8.2%) elicited
treatment: 5747 (66.1%) with oral antihypertensives and 2928
(33.7%) with IV medication. Higher BPs were more likely to be
treated; among SBPs greater than 220 mm Hg, 54 of 114 (47.4%)
received treatment, whereas 78 of 275 (28.4%) DBPs greater
than 120 mm Hg were treated. Among patients receiving BP
treatment, the previous 2 SBP readings were more often elevated (44.4% vs 35.4%, P < .001). Oral treatment included calcium channel blockers (1488 of 5747 [25.9%]), β-blockers (1414
of 5747 [24.6%]), and angiotensin-converting enzyme inhibitors (925 of 5747 [16.1%]). Intravenous treatment included
direct-acting vasodilators (1623 of 2928 [55.4%]), β-blockers
(945 of 2928 [32.3%]), and α-β blockers (322 of 2928 [11.0%]).
(Reprinted) JAMA Internal Medicine Published online December 28, 2020
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Table 1. Patient-Level Characteristics by Treatment Statusa
Full cohort

Propensity-matched cohort

No. (%)

No. (%)

No treatment
(n = 11 917)

Treatment
(n = 5904)

P value

No treatment
(n = 4520)

Treatment
(n = 4520)

Standardized
mean difference

Age, mean (SD), y

66.5 (17.2)

70.8 (15.4)

<.001

69.8 (16.0)

69.7 (15.7)

0.01

Male

5137 (43.1)

2558 (43.3)

.79

1988 (44)

1955 (43.3)

0.02

White

8301 (69.7)

3972 (67.3)

3109 (68.8)

3052 (67.5)

Black

2927 (24.6)

1634 (27.7)

1174 (26)

1215 (26.9)

Other

279 (2.3)

109 (1.8)

82 (1.8)

90 (2)

Unknown

410 (3.4)

189 (3.2)

BMI, mean (SD)

29.8 (8.7)

29.9 (8.6)

Current smoker

2306 (19.4)

1018 (17.2)

Nonsmoker

9278 (77.9)

4685 (79.4)

Unknown

333 (2.8)

201 (3.4)

Length of stay,
mean (SD), d

5.0 (2.6)

5.2 (2.7)

Length of stay after
index BP, mean (SD), d

2.7 (2.2)

Characteristic
Demographic

Race/ethnicity

<.001

0.03

155 (3.4)

163 (3.6)

29.8 (8.8)

29.9 (8.4)

836 (18.5)

802 (17.7)

3538 (78.3)

3571 (79)

146 (3.2)

147 (3.3)

<.001

5.01 (2.6)

4.98 (2.6)

0.06

4.0 (2.5)

<.001

3.56 (2.55)

3.60 (2.27)

0.01

0.02

.16

0.01

Smoking status

<.001

0.02

Comorbidities
Atrial fibrillation

1428 (12)

679 (11.5)

.61

558 (12.3)

533 (11.8)

Aortic dissection

20 (0.2)

10 (0.2)

>.99

9 (0.2)

8 (0.2)

0.01

Asthma

1191 (10)

412 (7)

<.001

338 (7.5)

347 (7.7)

0.01

Coronary artery disease

1565 (13.1)

823 (13.9)

.05

616 (13.6)

627 (13.9)

0.01

Carotid stenosis

198 (1.7)

97 (1.6)

>.99

72 (1.6)

75 (1.7)

0.01

Chronic kidney disease

1604 (13.5)

854 (14.5)

<.001

666 (14.7)

648 (14.3)

0.01

COPD

2334 (19.6)

899 (15.2)

<.001

722 (16)

747 (16.5)

0.02

Diabetes

2964 (24.9)

1540 (26.1)

.01

1208 (26.7)

1204 (26.6)

0.00

Heart failure

1137 (9.5)

533 (9)

.46

420 (9.3)

436 (9.6)

0.01

Hyperlipidemia

3929 (33)

1822 (30.9)

.02

1455 (32.2)

1443 (31.9)

0.01
0.01

Hypertension

5749 (48.2)

3100 (52.5)

<.001

2394 (53)

2369 (52.4)

Myocardial infarction

203 (1.7)

87 (1.5)

.35

82 (1.8)

75 (1.7)

0.01

Peripheral vascular
disease

825 (6.9)

408 (6.9)

.79

312 (6.9)

320 (7.1)

0.01

Cerebrovascular disease

882 (7.4)

402 (6.8)

.27

324 (7.2)

326 (7.2)

0.00

Change from prior SBP,
mean (SD)

20.4 (15.7)

9.1 (17.4)

<.001

12.99 (13.1)

12.08 (17.2)

0.06

Time from admission
to index BP, mean (SD), h

20.4 (15.7)

28.8 (41.9)

<.001

34.21 (38.1)

32.83 (45.7)

0.03

Measured shift (% night)

7277 (61.1)

3743 (63.4)

.003

2829 (62.6)

2821 (62.4)

0.00

Index BP characteristics

Index BP interval, mm Hg
140-149

3598 (30.2)

2083 (35.3)

1412 (31.2)

1463 (32.4)

150-159

3576 (30)

1393 (23.6)

1121 (24.8)

1148 (25.4)

160-169

2194 (18.4)

766 (13)

732 (16.2)

670 (14.8)

170-179

1421 (11.9)

651 (11)

580 (12.8)

548 (12.1)

180-189

750 (6.3)

529 (9)

190-199

261 (2.2)

200-209
210-219
≥220

408 (9)

403 (8.9)

259 (4.4)

171 (3.8)

183 (4)

73 (0.6)

118 (2)

61 (1.3)

62 (1.4)

24 (0.2)

59 (1)

21 (0.5)

20 (0.4)

20 (0.2)

46 (0.8)

14 (0.3)

23 (0.5)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); BP, blood pressure; COPD, chronic obstructive
pulmonary disease; SBP, systolic blood pressure.
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<.001

a

Values presented as No.(%) unless otherwise specified.
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Table 2. Blood Pressure–Level Characteristics by Treatment Status
No. (%)a
No treatment
(97 405
measurements)b

Characteristic

Treatment
(8692)

P value

BP, mean (SD), mm Hg
Systolic

152.3 (11.5)

161.3 (16.1)

<.001

Diastolic

75.0 (13.5)

78.7 (16.1)

<.001

HR, mean (SD)

79.6 (15.1)

82.1 (17.5)

<.001

140-149

48 020 (94.4)

2838 (5.6)

150-159

28 724 (93.4)

2034 (6.6)

160-169

11 703 (90.6)

1212 (9.4)

170-179

5576 (83.2)

1122 (16.8)

180-189

2275 (42.8)

849 (27.2)

190-199

752 (68.3)

349 (31.7)

200-209

215 (57.3)

160 (42.7)

210-219

80 (51.9)

74 (48.1)

≥220

60 (52.6)

54 (47.4)

<80

61 176 (92.9)

4703 (7.1)

80-89

22 421 (92.3)

1865 (7.7)

90-99

11 109 (89.7)

1273 (10.3)

100-109

1979 (79.4)

515 (20.6)

110-119

523 (67)

258 (33)

≥120

197 (71.6)

78 (28.4)

8.7 (16.8)

8.6 (19.3)

SBP interval (row %), mm Hg

<.001

DBP interval (row %), mm Hg

Change from previous SBP, mean (SD), mm Hg

<.001

.44

Abbreviations: BP, blood pressure;
DBP, diastolic blood pressure;
HR, heart rate; SBP, systolic blood
pressure.
a

Values presented as No. (%) unless
otherwise specified.

b

Includes all vital sign measurements
for untreated patients and vital sign
measurements occurring prior to
the index BP for treated patients.

Elevation of previous 2 SBPs
0

47 724 (49)

4021 (46.3)

1

15 161 (15.6)

816 (9.4)

2

34 520 (35.4)

3855 (44.4)

<.001

Table 3. Inpatient Outcomes by Treatment Statusa
Unmatched cohort

Matched cohort

Characteristic

No treatment
(n = 11 917)

Treatment
(n = 5904)

Composite outcome

728 (6.1)

738 (12.5)

P value

No treatment
(n = 4520)

Treatment
(n = 4520)

P value

<.001

371 (8.2)

499 (11)

<.001

Stroke

10 (0.1)

6 (0.1)

.92

4 (0.1)

4 (0.1)

>.99

AKI

690 (5.8)

690 (11.7)

<.001

357 (7.9)

466 (10.3)

<.001

Myocardial injury

51 (0.4)

76 (1.3)

<.001

26 (0.6)

53 (1.2)

.003

Length of stay after index BP,
mean (SD), d

2.69 (2.2)

4.00 (2.53)

<.001

3.56 (2.55)

3.60 (2.27)

.36

Abbreviations: AKI, acute kidney injury; BP, blood pressure.
a

Values presented as No. (%) unless otherwise specified.

Using propensity scores, we matched 4520 treated patients
to untreated ones. In the matched sample, there were no significant differences in any variables. Standardized mean differences appear in Table 1. Table 3 includes inpatient outcomes by treatment status in matched and unmatched
cohorts. Compared with propensity-matched patients who
did not receive treatment, those who did were more likely to
experience the composite outcome (499 of 4520 [11%] vs 371

of 4520 [8.2%]; P < .001), AKI (466 of 4520 [10.3%] vs 357 of
4520 [7.9%]; P < .001), and myocardial injury (53 of 4520
[1.2%] vs 26 of 4520 [0.6%]; P = .003). Inpatient stroke was
extremely rare (4 of 4520 [0.1%] of treated and 4 of 4520
[0.1%] of untreated patients; P > .99). Length of stay after
the index BP did not differ between treated and untreated
patients (mean [SD], 3.60 [2.27] days vs 3.56 [2.55] days;
P = .36). The inverse probability of treatment weighted
analysis produced almost identical results—treatment was
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Figure. Inpatient Outcomes for Treated vs Untreated Patients
by Treatment Route and SBP Interval
A Stroke

Source

Favors
treatment

Odds ratio
(95% CI)

Favors
no treatment

Treatment route
IV

0.66 (0.09-4.03)

Oral

0.40 (0.06-1.87)

SBP interval (mm Hg)
160-199

1.50 (0.25-11.4)
0.01

0.1

1

10 20

Odds ratio (95% CI)

differences by route of administration. Increased odds of all
3 outcomes were seen at each BP interval. Stroke did not differ by treatment route or index BP. Among patients with an
index SBP greater than 160 mm Hg, treated and untreated
patients were similarly likely to see the next SBP decline by
20 mm Hg or more (1152 of 1909 [58%] vs 1214 of 1987 [61%]).
Untreated patients had a shorter time to the next SBP measure (4.4 vs 6.2 hours; P < .001).
Finally, in our falsification test, rates of AKI before the index BP did not differ between treated and untreated patients
(185 of 4520 [4.1%] vs 158 of 4520 [3.5%]; P = .12). Myocardial
injury prior to index BP was actually slightly higher in untreated patients (7 of 4520 [0.2%] vs 1 of 4520 [0%]; P = .03).

B

Myocardial injury
Odds ratio
(95% CI)
Source

Favors
treatment

Favors
no treatment

Outpatient Outcomes

Treatment route
IV

2.27 (1.17-4.68)

Oral

1.89 (1.06-3.49)

SBP interval (mm Hg)
140-159

1.72 (0.90-3.42)

160-199

2.32 (1.64-6.96)
0.01

1

10

Odds ratio (95% CI)
C

AKI

Source

Favors
treatment

Odds ratio
(95% CI)

Favors
no treatment

Treatment route
IV

1.47 (1.16-1.87)

Oral

1.32 (1.12-1.57)

SBP interval (mm Hg)
140-159

1.32 (1.07-1.64)

160-199

1.37 (1.11-1.68)

≥200

1.35 (0.63-2.94)
0.01

1

10

Odds ratio (95% CI)
D Composite

Source

Favors
treatment

Odds ratio
(95% CI)

Favors
no treatment

Treatment route
IV

1.49 (1.18-1.88)

Oral

1.36 (1.16-1.60)

SBP interval (mm Hg)
140-159

1.38 (1.12-1.70)

160-199

1.44 (1.18-1.77)

≥200

1.35 (0.63-2.94)
0.01

1

10

Odds ratio (95% CI)

Whiskers indicate 95% CIs; AKI, acute kidney injury; IV, intravenous; and
SBP, systolic blood pressure.

associated with increased odds of the composite outcome
(odds ratio [OR], 1.42; 95% CI, 1.27-1.59), AKI (OR, 1.36;
95% CI, 1.21-1.52), and myocardial injury (OR, 2.23; 95% CI,
1.56-3.20).
The Figure presents outcomes by route of administration
and interval of index BP in matched cohorts. Both IV and oral
medications were positively associated with the composite outcome, AKI, and myocardial injury. There were no significant
E6

Among all 17 821 patients with hypertension, 1645 (9.2%) had
a new class of oral antihypertensives prescribed at discharge.
This number represents 27.9% of those who received additional antihypertensive treatment in the hospital. Compared
with patients intensified in the hospital but not at discharge,
patients with intensification at discharge were more likely to
be Black (516 of 1645 [31.4%] vs 1118 of 4259 [26.3%]; P < .001)
but less likely to have coronary artery disease (183 of 1645
[11.1%] vs 640 of 4259 [15%]; P < .001) and hypertension preadmission (752 of 1645 [45.7%] vs 2348 of 4259 [55.1%];
P < .001). During admission, patients with intensification at discharge also had higher maximum SBPs (176 mm Hg vs 170.7
mm Hg; P < .001) and a greater proportion of hypertensive SBPs
(0.57 vs 0.48; P < .001) and more often had a maximum SBP
of 200 mm Hg or greater (164 of 1645 [10%] vs 258 of 4259
[6.1%]; P < .001).
Of 17 821 patients who were hypertensive in the hospital,
15 303 (85.9%) had follow-up BP data available. Characteristics
of patients lost to follow-up and those with follow-up are shown
in eTable 2 in the Supplement. Inpatient BP characteristics and
outpatient outcomes for 4964 patients treated in the hospital
and stratified by intensification at discharge are shown in
eTable 3 in the Supplement. In a matched cohort, patients with
and without intensification at discharge had almost identical
characteristics (eTable 4 in the Supplement), including SBP at
discharge, proportion of hypertensive SBPs during admission,
and maximum SBP. In the 30 days postdischarge, patients with
and without intensification had similar rates of myocardial infarction (2 of 1367 [0.1%] vs 3 of 1367 [0.2%]; P > .99) or stroke
(7 of 1367 [0.5%] vs 6 of 1367 [0.4%]; P > .99) (Table 4). In the
following year, patients with and without intensification had
nearly identical BP control, including proportion of hypertensive systolic (0.41 vs 0.40; P = .86) and diastolic (0.13 vs 0.12;
P = .05) pressures and maximum SBP (157.2 mm Hg vs 157.8 mm
Hg; P = .54) and DBP (86.5 mm Hg vs 86.1 mm Hg; P = .49). Both
groups had slight reduction of average SBP compared with their
discharge SBP (–2.5 mm Hg vs –2.3 mm Hg; P = .83).

Discussion
In this cohort study of 22 834 patients at 10 hospitals, we found
that among adults admitted for noncardiovascular diagno-
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Table 4. Outpatient Cardiovascular Outcomes and BP Characteristics of Patients With Hypertension
by Antihypertensive Treatment Intensification at Discharge
Characteristic

No intensification
(n = 1367)

Intensification
(n = 1367)

P value

No. of BP measurements, mean (SD)

11.1 (13.8)

10.8 (13.0)

.53

At least 1 SBP >139 mm Hg, No. (%)

1105 (80.8)

1092 (79.9)

.56

At least 1 DBP >89 mm Hg, No. (%)

520 (38)

563 (41.2)

.10

At least 1 SBP >139 mm Hg or 1 DBP >89 mm Hg, No. (%)

1133 (82.9)

1129 (82.6)

.88

Proportion of SBP >139 mm Hg, mean (SD)

0.40 (0.32)

0.41 (0.32)

.86

Proportion of DBP >89 mm Hg, mean (SD)

0.12 (0.22)

0.13 (0.23)

.05

SBP

157.8 (22.2)

157.2 (23.3)

.54

DBP

86.1 (13.4)

86.5 (14.6)

.49

SBP

116.1 (19.5)

116.5 (19.5)

.58

DBP

61.6 (12.7)

61.7 (13.2)

.91

Change from discharge BP, mean (SD), mm Hg

−2.3 (21.2)

−2.5 (21.2)

.83

Myocardial infarction, No. (%)

3 (0.2)

2 (0.1)

>.99

Stroke, No. (%)

6 (0.4)

7 (0.5)

>.99

Highest measurement, mean (SD), mm Hg

Lowest measurement, mean (SD), mm Hg

Abbreviations: BP, blood pressure;
DBP, diastolic blood pressure;
SBP, systolic blood pressure.

ses, 78% had at least 1 elevated BP reading, and one-third of
these patients were treated with medication, primarily oral antihypertensives. Treated patients were at higher cardiovascular risk (eg, they were older and more likely to be Black) and
had higher BP. After controlling for these factors, we found that
following treatment, patients were more likely than matched
controls to experience AKI and myocardial injury. Associated
harms were similar for oral and IV treatments and occurred
across SBP intervals. We did not find any group of patients
whose outcomes were better with treatment. Most patients
who received treatment in the hospital were not discharged
with intensification. Those who were did not experience better BP control in the following year.
We found that despite a high prevalence of elevated BP
in the hospital, few patients and even fewer hypertensive
measures prompted treatment. Even SBPs of 220 mm Hg or
greater elicited treatment only 47% of the time, which is surprising, because Axon et al11 found that 80% of resident physicians believed that inpatient hypertension was a high priority, and Weder4 reported that one-third of house staff and
hospitalists believe asymptomatic hypertension (using an
example of 182/100 mm Hg) merits transfer to the intensive
care unit. The lower rates of treatment we observed may
reflect newer evidence regarding hypertensive urgency in
the ambulatory setting,9 better appreciation of BP lability
during acute illness,4,5,10 and growing recognition of the
potential harms of IV treatment. 12-14 The lack of harms
among untreated patients appears to support this conservative approach.
Our study adds to the evidence suggesting harms associated with treating inpatient hypertension. Whereas prior
studies examined proxies for hypotension-related harms,
such as hypotension, rapid reduction in BP, tachycardia,
or the need to provide IV fluids,13,14 our study, to our knowledge, is the first to directly assess end-organ damage,
including AKI, myocardial injury, and stroke. Our finding that

the harms associated with treatment persist into higher intervals of BP, even those categorized as hypertensive urgency,
strengthens the case for conservative management.22 Moreover, although prior studies have described harms with IV treatment, we included oral and IV agents and analyzed outcomes
by route.12-14 That there was harm associated with IV treatment at all BP intervals lends support to quality initiatives
to reduce IV antihypertensive orders.23,24 However, that the
majority of treated patients received only oral antihypertensives—also associated with harm—suggests a need to reduce oral
antihypertensives as well.
We found that most elevated SBPs dropped at least 20
points by the next measurement. Follow-up measurements
were taken sooner in patients who remained untreated, suggesting that simply repeating the BP 4 hours later may substitute for treatment. BP elevations tended to be transient, and
fewer than 1 in 3 patients who had their medication intensified were discharged on the new regimen. Mean SBP at discharge was less than 140 mm Hg in both treated and untreated patients.
For some chronic conditions, hospitalization presents an
opportunity to initiate long-term therapy. For example,
patients with hip fracture can be prescribed bisphosphonates for osteoporosis, and patients with coronary disease
who receive statins at discharge are more likely to be taking
them 1 year later.25-27 For hypertension, this does not appear
to be the case, as conditions surrounding hospitalization
almost certainly do not represent ambulatory BP control.
This is important because intensification at discharge
may be associated with harm. Anderson et al18 found that
patients at US Veterans Affairs hospitals who underwent
intensification at discharge had more serious adverse events
within 30 days. That study was limited by a lack of access to
inpatient treatment. In contrast, we compared patients who
received intensified treatment during hospital admission
with those who received intensified treatment at both
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admission and discharge. We found no increase in adverse
events within 30 days, but intensification of treatment at
discharge also was not associated with better control at
1 year. Appropriate follow-up with a primary care physician
could better ensure proper treatment while limiting unnecessary medication.

groups. Furthermore, our falsification tests suggest that our
outcomes were not confounded by clinical status before
the index BP. Finally, even if treatment of elevated BP in
the hospital does not result in harm, we found no indication
that it was beneficial. It was, at best, a waste of time and
resources.

Limitations
Our definition of treatment excluded dose intensification. As
a result, we may have undercounted the treated patients in
our cohort. This potential misclassification should bias our
findings toward the null; thus, actual harms associated with
antihypertensive treatment may be greater than observed.
Additionally, although we excluded patients with cardiovascular diagnoses that require specific BP management, such
as acute coronary syndrome or cerebrovascular accident, we
included others, such as patients with atrial fibrillation or
heart failure, who may be treated with antihypertensive
medications. Other unmeasured differences between treated
and untreated patients could confound the results if clinicians treat patients they believe to be at higher risk of endorgan damage. However, our propensity match included a
large number of patient characteristics, including diagnoses
and BP characteristics; all were well-balanced between
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