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IMPORTANCE Transient elevations of blood pressure (BP) are common in hospitalized older
adults and frequently lead practitioners to prescribe more intensive antihypertensive
regimens at hospital discharge than the patients were using before hospitalization.

OBJECTIVE To investigate the association between intensification of antihypertensive
regimens at hospital discharge and clinical outcomes after discharge.

DESIGN, SETTING, AND PARTICIPANTS In this retrospective cohort study, patients 65 years
and older with hypertension who were hospitalized in Veterans Health Administration
national health system facilities from January 1, 2011, to December 31, 2013, for common
noncardiac conditions were studied. Data analysis was performed from October 1, 2018,
to March 10, 2019.

EXPOSURES Discharge with antihypertensive intensification, defined as receiving a
prescription at hospital discharge for a new or higher-dose antihypertensive than was being
used before hospitalization. Propensity scores were used to construct a matched-pairs cohort
of patients who did and did not receive antihypertensive intensifications at hospital
discharge.

MAIN OUTCOMES AND MEASURES The primary outcomes of hospital readmission, serious
adverse events, and cardiovascular events were assessed by competing risk analysis.
The secondary outcome was the change in systolic BP within 1 year of hospital discharge.

RESULTS The propensity-matched cohort included 4056 hospitalized older adults with
hypertension (mean [SD] age, 77 [8] years; 3961 men [97.7%]), equally split between those
who did vs did not receive antihypertensive intensifications at hospital discharge. Groups
were well matched on all baseline covariates (all standardized mean differences <0.1). Within
30 days, patients receiving intensifications had a higher risk of readmission (hazard ratio
[HR], 1.23; 95% CI, 1.07-1.42; number needed to harm [NNH], 27; 95% CI, 16-76) and serious
adverse events (HR, 1.41; 95% CI, 1.06-1.88; NNH, 63; 95% CI, 34-370). At 1 year, no
differences were found in cardiovascular events (HR, 1.18; 95% CI, 0.99-1.40) or change in
systolic BP among those who did vs did not receive intensifications (mean BP, 134.7 vs 134.4;
difference-in-differences estimate, 0.6 mm Hg; 95% CI, −2.4 to 3.7 mm Hg).

CONCLUSIONS AND RELEVANCE Among older adults hospitalized for noncardiac conditions,
prescription of intensified antihypertensives at discharge was not associated with reduced
cardiac events or improved BP control within 1 year but was associated with an increased risk
of readmission and serious adverse events within 30 days.

JAMA Intern Med. 2019;179(11):1528-1536. doi:10.1001/jamainternmed.2019.3007
Published online August 19, 2019.

Supplemental content

Author Affiliations: Division of
General Internal Medicine, University
of California, San Francisco
(Anderson); San Francisco Veterans
Affairs Medical Center, San Francisco,
California (Anderson, Jing, Wray, Lee,
Boscardin, Fung, Ngo, Silvestrini,
Steinman); now with Division of
General Medicine, Beth Israel
Deaconess Medical Center, Brookline,
Massachusetts (Anderson); Division
of Geriatrics, University of California,
San Francisco (Jing, Lee, Boscardin,
Fung, Ngo, Silvestrini, Steinman);
Division of Hospital Medicine,
University of California School of
Medicine, San Francisco (Auerbach,
Wray).

Corresponding Author: Timothy S.
Anderson, MD, MAS, MA, Division of
General Medicine, Beth Israel
Deaconess Medical Center,
1309 Beacon St, Brookline, MA
02446 (tsander1@bidmc.
harvard.edu).

Research

JAMA Internal Medicine | Original Investigation

1528 (Reprinted) jamainternalmedicine.com

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2019.3007?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.3007
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2019.3007&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.3007
mailto:tsander1@bidmc.harvard.edu
mailto:tsander1@bidmc.harvard.edu
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.3007


D uring hospitalization, older adults’ outpatient medi-
cation regimens are frequently changed.1,2 Medica-
tion changes may be related to the condition for which

the patient was hospitalized (eg, cessation of antiplatelet
therapy or initiation of proton pump inhibitor therapy in a pa-
tient hospitalized for gastrointestinal bleeding). However,
changes may also be made to medications prescribed for
chronic conditions that are not directly related to the reason
for hospitalization.

A key exemplar of this is the treatment of high blood pres-
sure (BP). Prior research3 suggests that inpatient practitioners
commonly intensify patients’ outpatient antihypertensive regi-
mens at hospital discharge, including patients with previously
well-controlled outpatient BPs. This finding suggests that clini-
cal practice may largely be driven by reflexive responses to
elevated inpatient recordings being continued at discharge
rather than planned adjustment of outpatient regimens.

The clinical outcomes of intensifying antihypertensive regi-
mens at hospital discharge are not known, and there are 2 com-
peting schools of thought. On the one hand, hospitalization may
be an opportune time to set patients on the path toward better
long-term BP control.4 On the other hand, discharging older
adultshomeonintensifiedantihypertensiveregimensmaycause
more harm than benefit.5,6 Short-term increases in BP during
hospitalization likely have little long-term significance, yet these
increases commonly precipitate treatment intensifications. For
older adults with previously well-controlled outpatient BP,
intensification of antihypertensive regimens in response to el-
evated inpatient BPs may lead to overtreatment when they re-
turn home. Even for patients with chronically elevated BP, fail-
ure to understand contextual factors and to achieve patient and
primarycarephysiciancooperationmayoftenresult inthemanu-
facture of these medications being discontinued or lack of ad-
herence after discharge. In either situation, adding medications
has the potential to cause harm because medication confusion
and medication errors are common after discharge. Moreover,
in the posthospitalization period, older adults have a well-
established increased susceptibility to both adverse drug events
and hospital readmissions.7-9

Because intensification of antihypertensive regimens is
common in hospitalized older adults and a subject of debate,
understanding the actual benefits and harms of this practice
is essential. To address this evidence gap, we conducted a ret-
rospective cohort study of older adults with hypertension who
were discharged from the national Veterans Health Adminis-
tration health system after hospitalization for common non-
cardiac conditions at a Veterans Affairs (VA) hospital. We
investigated the rates of hospital readmissions, medication-
related severe adverse events, and cardiovascular events af-
ter discharge with intensified antihypertensive medication regi-
mens compared with discharge without an intensified
antihypertensive regimen.

Methods
We conducted a retrospective cohort study of older adults using
nationalinpatientandoutpatientVHApharmacyandclinicaldata

merged with VHA and Medicare claims data from January 1,
2009, to December 31, 2015. This research was approved by the
institutional review boards of the San Francisco Veteran Affairs
Medical Center and the University of California School of Medi-
cine, San Francisco. Blanket informed consent was provided be-
cause administrative data were used. All data were deidentified.

Study Population
The study population has been described previously and con-
sisted of older adults (≥65 years of age) with hypertension who
were admitted to a VA hospital from January 1, 2011, to De-
cember 31, 2013, for pneumonia, urinary tract infection, or ve-
nous thromboembolism and discharged to the community
setting.3 These conditions were chosen because they are among
the most common medical discharge diagnoses for older adults
and their management does not typically require the intensi-
fication of antihypertensive medications. Patients who were
discharged with a secondary diagnosis of atrial fibrillation,
acute coronary syndrome, or acute cerebrovascular event were
excluded because these conditions might necessitate a change
in antihypertensive treatment. Data analysis was performed
from October 1, 2018, to March 10, 2019.

Exposure
We compared patients who were discharged from the hospi-
tal with intensified antihypertensive regimens with those dis-
charged without intensified therapy. Intensifications were de-
fined as newly prescribed antihypertensive medications that
were not being used before hospitalization and medications
present at admission for which a discharge prescription was
filled for a dose increase of more than 20%. Intensifications
were ascertained based on dispensing data from the VA inpa-
tient and outpatient pharmacy using previously published
methods that were validated in the study cohort through tar-
geted medical record review.3 To ensure accurate classifica-
tion of medication use, we excluded patients likely to receive
medications outside the VA, including patients who received
more than 20% of their outpatient care outside the VA, pa-
tients admitted from skilled nursing facilities, and patients who
had been hospitalized in the 30 days preceding the index
hospitalization.10

Key Points
Question What is the association between the intensification
of an antihypertensive regimen at hospital discharge and clinical
outcomes of hospitalized older adults with hypertension?

Findings In this national cohort study of 4056 propensity-
matched older adults with hypertension who were hospitalized for
noncardiac conditions, discharge with intensified antihypertensive
regimens was associated with an increased risk of readmissions
and serious adverse events within 30 days and was not associated
with a reduction in cardiovascular events or blood pressure
at 1 year.

Meaning The findings suggest that intensification of
antihypertensives at hospital discharge is associated with
short-term harms without long-term benefits and should generally
be avoided in older adults hospitalized for noncardiac conditions.
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Study Outcomes
Three primary outcomes were chosen a priori to assess the
benefits and harms of antihypertensive medications: all-
cause hospital readmissions (to VA or non-VA facilities) within
30 days after index discharge, medication-related serious
adverse events (SAEs) within 30 days, and cardiovascular
events within 1 year. On the basis of prior hypertension
trials, SAEs were defined as a composite of emergency
department (ED) visits and hospitalizations for injurious
falls, hypotension, syncope, electrolyte abnormalities, or
acute kidney injury (eTable 1 in the Supplement).11-13

A timeframe of 30 days was chosen for SAEs because
prior studies14-16 of antihypertensives indicate that SAEs
may be most likely to occur shortly after initiation of
medication use.

Cardiovascular events included a composite of ED visits
and hospitalizations for acute myocardial infarction, un-
stable angina, stroke, heart failure, or hypertension (eTable 2
in the Supplement).11-13 A timeframe of 1 year was chosen for
cardiovascular events because BP trials indicate that the time-
frame to benefit from intensive BP control occurs within the
first year of treatment.11-13 The SAEs and cardiovascular events
were identified by primary discharge diagnoses through VA and
Medicare claims.

Secondary outcomes included all-cause readmissions,
SAEs, and all-cause mortality within 1 year as well as cardio-
vascular events and all-cause mortality within 30 days. In ad-
dition, we examined change in outpatient systolic BP (SBP)
within 1 year of hospital discharge.

Statistical Analysis
We performed propensity score matching to control for dif-
ferences between patients discharged with and without anti-
hypertensive intensifications. First, a logistic regression
model was developed to estimate the propensity of receiving
the exposure (an antihypertensive intensification at hospital
discharge). Covariates in the model were derived from covar-
iates examined in prior trials, those included in a validated
preventable hospital readmission prediction risk score,17 and
according to clinical expertise. The full list of covariates
appears in eTable 3 in the Supplement and includes the fol-
lowing: demographics, including race/ethnicity, obtained
from VA administrative records; prehospitalization charac-
teristics, including outpatient BP (measured as the median
of the 3 most recent ambulatory recordings before hospital-
ization excluding the week before hospitalization); prior
antihypertensive use patterns and health care use; index
hospitalization characteristics and vital signs; hospital dis-
charge laboratory values and medications; and comorbidi-
ties grouped using an aggregated version of the Centers for
Medicare & Medicaid Services' condition categories.18 Miss-
ing data were imputed using the fully conditional specifica-
tion method and 10 imputation sets. Estimates from each
imputed data set were pooled into a single set of statistics
using means for continuous variables and modes for cat-
egorical variables.

Second, 1:1 greedy nearest neighbor matching was per-
formed using matching without replacement and a maxi-

mum caliper width of 0.2 times the pooled SD of the logit of
the propensity scores for the cohort.19 Covariate balance be-
tween the intensified and control groups was assessed by vi-
sually inspecting cumulative probability distributions of the
propensity scores between groups and by calculating stan-
dardized mean differences for which a difference of less than
0.10 was considered to indicate good balance.20

Third, survival analyses were conducted for all primary and
secondary outcomes using Cox proportional hazards regres-
sion models for mortality and the Fine and Gray proportional
subdistribution hazards models for all other outcomes to
account for the competing risk of death.21 We report hazard
ratios (HRs) and number needed to treat or number needed to
harm (NNH) for each model.

Fourth, within propensity score–matched groups, the
change in SBP after hospital discharge was estimated using a
difference-in-differences approach. Linear regression analy-
sis on 1000 bootstrap samples with replacement was used to
estimate the change in SBP associated with discharge with an
intensified antihypertensive after subtracting the back-
ground change among control patients.22

We conducted exploratory subgroup analyses specified
a priori to determine the differential association of exposure
with intensified antihypertensive medications by prehospi-
talization baseline SBP. We classified patients as having
well-controlled or elevated prehospitalization baseline
SBP based on their outpatient SBP before index hospitaliza-
tion, using a threshold SBP of 140 mm Hg to define groups.
We then repeated propensity score matching and analyses
for each baseline BP group separately. In addition, because
propensity score matching can only account for measured
confounders, we calculated E-values for statistically signifi-
cant primary outcomes to assess the robustness of observed
associations to potential unmeasured confounding.23

In addition, because propensity score matching can only
account for measured confounders, we calculated E-values for
statistically significant primary outcomes to assess the robust-
ness of observed associations to potential unmeasured
confounding.23

We determined statistical significance by using 95% CIs
and 2-tailed tests with P < .05. We used SAS statistical soft-
ware, version 9.3 (SAS Institute Inc) and Stata, version 14.1
(StataCorp) for all analyses (eMethods in the Supplement).

Results
Patient Characteristics at Hospital Discharge
We identified 14 915 older adults (mean [SD] age, 77 [8]
years; 3961 men [97.7%]) with hypertension who were dis-
charged alive from VA medical centers after being treated for
pneumonia, urinary tract infection, or venous thromboem-
bolism (Table 1). Among the full cohort, 2074 patients
(13.9%) were discharged with antihypertensive regimen
intensifications. Patients discharged with intensifications
had higher mean prehospitalization BPs; were more likely to
be black, have elevated inpatient BPs, and have heart failure;
and were less likely to have polypharmacy or cancer.
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Table 1. Selected Cohort Characteristics Before and After Propensity Score Matchinga

Characteristic

Before Propensity Score Matching

SMD

After Propensity Score Matchingb

SMD
Intensified
(n = 2074)

Not Intensified
(n = 12 841)

Intensified
(n = 2028)

Not Intensified
(n = 2028)

Age, mean (SD), y 76.8 (8.4) 76.6 (8.6) −0.02 76.8 (8.4) 76.6 (8.7) −0.02

Male sex 2022 (97.5) 12 515 (97.5) 0 1977 (97.5) 1984 (97.8) 0.02

Race/ethnicity

White 1450 (69.9) 10036 (78.2)

0.20

1428 (70.4) 1432 (70.6)

0.03
Black 507 (24.4) 2192 (17.1) 487 (24) 482 (23.8)

Hispanic 55 (2.7) 222 (1.7) 52 (2.6) 45 (2.2)

Other 62 (3.0) 391 (3.0) 61 (3.0) 69 (3.4)

Preadmission clinical characteristics,
mean (SD)c

BMI 27.9 (6.7) 27.6 (6.5) −0.05 27.9 (6.7) 28.1 (6.7) 0.02

Pulse, beats/mind 73.6 (12.7) 74.6 (12.5) 0.08 73.6 (12.7) 73.9 (12.5) 0.02

SBP, mm Hgd 138.6 (19.1) 132.3 (17.1) −0.34 138.3 (18.9) 137.9 (18.9) −0.02

Characteristics of index hospitalization

Length of stay, mean (SD), d 6.8 (7.3) 5.4 (6.7) −0.2 6.7 (7.1) 7.1 (11.6) 0.04

Inpatient SBPc

≥3 Readings <90 mm Hg 45 (2.2) 419 (3.3) 0.07 44 (2.2) 42 (2.1) 0.01

≥3 Readings ≥160 mm Hg 719 (34.7) 2041 (15.9) 0.44 711 (35.1) 760 (37.5) −0.06

≥3 Readings ≥180 mm Hg 349 (16.8) 428 (3.3) 0.46 311 (15.3) 278 (13.7) 0.06

Discharge diagnosis

Pneumonia 1045 (50.4) 6681 (52)

0.05

1027 (50.6) 1019 (50.2)

0.01Urinary tract infection 790 (38.1) 4849 (37.8) 771 (38) 773 (38.1)

Venous thromboembolism 239 (11.5) 1311 (10.2) 230 (11.3) 236 (11.6)

Laboratory values at discharge, mean
(SD)c,e

Sodium level, mEq/L 138.2 (3.5) 138.1 (3.5) −0.01 138.2 (3.5) 138.2 (3.7) 0.02

Potassium level, mEq/L 4.1 (0.5) 4.1 (0.5) −0.06 4.1 (0.5) 4.1 (0.5)

Estimated glomerular filtration rate,
mL/min per 1.73 m2

66.3 (32.1) 71.2 (31.8) 0.16 66.5 (32.1) 66.8 (32.2) 0.01

Health care use in year preceding
hospitalization

Any Medicare use 565 (27.2) 3603 (28.1) 0.02 557 (27.5) 569 (28.1) 0.01

≥3 ED visits 392 (18.9) 2555 (19.9) 0.03 386 (19) 383 (18.9) 0.01

>3 Hospitalizations 571 (27.5) 3651 (28.4) 0.05 562 (27.7) 552 (27.2) 0.06

Serious fall event 94 (4.5) 569 (4.4) 0 93 (4.6) 89 (4.4) 0.01

Admission antihypertensive use and
adherencef

0 Antihypertensives 526 (25.4) 3077 (24)

0.19

501 (24.7) 508 (25)

0.05

1 Antihypertensive,
PDC≤80%

270 (13) 1289 (10) 261 (12.9) 278 (13.7)

1 Antihypertensive,
PDC>80%

282 (13.6) 2255 (17.6) 281 (13.9) 294 (14.5)

2 Antihypertensivess, PDC≤80% 221 (10.7) 1032 (8) 215 (10.6) 207 (10.2)

2 Antihypertensive,
PDC>80%

327 (15.8) 2378 (18.5) 324 (16) 302 (14.9)

≥3 Antihypertensives, PDC≤80% 138 (6.7) 668 (5.2) 136 (6.7) 140 (6.9)

≥3 Antihypertensives, PDC>80% 310 (14.9) 2142 (16.7) 310 (15.3) 299 (14.7)

Medication classes used at hospital
admissiong

≥8 Admission medications
(polypharmacy)

914 (44.1) 6387 (49.7) 0.11 910 (44.9) 921 (45.4) 0.01

Angiotensin-converting enzyme
inhibitors

656 (31.6) 4302 (33.5) 0.04 650 (32.1) 648 (32) 0

Angiotensin II inhibitors 175 (8.4) 1121 (8.7) 0.01 174 (8.6) 167 (8.2) 0.01

β-Blockers 883 (42.6) 5481 (42.7) 0 873 (43) 854 (42.1) 0.02

Calcium channel blockers 587 (28.3) 3759 (29.3) 0.02 579 (28.6) 584 (28.8) 0.01

Nonloop diuretics 423 (20.4) 2528 (19.7) 0.02 416 (20.5) 415 (20.5) 0

Other antihypertensives 230 (11.1) 1046 (8.1) 0.10 224 (11) 205 (10.1) 0.03

Anticoagulants 96 (4.6) 598 (4.7) 0 93 (4.6) 89 (4.4) 0.01

Platelet aggregation inhibitors 201 (9.7) 1206 (9.4) 0.01 198 (9.8) 198 (9.8) 0

(continued)
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Propensity score matching resulted in a cohort of 4056
patients equally split between those who received antihyper-
tensive regimen intensifications and those who did not
(eFigure 1 in the Supplement). Groups were well balanced on
propensity score distribution and baseline characteristics
(standardized mean differences for all covariates <0.1), includ-
ing identical preadmission BP distributions (mean [SD] SBP,
138 [19] mm Hg) (Table 1 and eTable 3 in the Supplement).

Primary Outcomes
Inthepropensityscore–matchedcohort,patientsdischargedwith
antihypertensive regimen intensifications were more likely to
be readmitted within 30 days of discharge than patients dis-
charged without antihypertensive regimen intensifications (434
of 2028 [21.4%] vs 358 of 2028 [17.7%]; HR, 1.23; 95% CI, 1.07-
1.42; NNH, 27; 95% CI, 16-76) (Figure, A and Table 2). Patients dis-
charged with intensifications were also more likely to experience
an ED visit or hospitalization for an SAE within 30 days of dis-
charge (91 of 2028 [4.5%] vs 62 of 2028 [3.1%]; HR, 1.41; 95% CI,
1.06-1.88; NNH, 63; 95% CI, 34-370) (Figure, B and Table 2).
Within 1 year of discharge, no significant difference was found
in cardiovascular events between intensified and nonintensified

groups (280 of 2028 [13.8%] vs 242 of 2028 [11.9%]; HR, 1.18; 95%
CI, 0.99-1.40) (Figure, C and Table 2).

Secondary Clinical Outcomes
Secondary outcomes are given in Table 2. Patients dis-
charged with intensification regimens were more likely to ex-
perience a cardiovascular event within 30 days of discharge
(72 of 2028 [3.6%] vs 44 of 2028 [2.2%]; HR, 1.65; 95% CI,
1.13-2.40). No significant differences were found in mortality
within 30 days (HR, 0.84; 95% CI, 0.62-1.12) or in any second-
ary outcome within 1 year.

Changes in SBP After Hospital Discharge
Among the 2323 patients in the propensity-matched cohort with
an outpatient BP measurement recorded between
6 months and 18 months after discharge, the mean SBP
among patients receiving intensifications decreased from 138.5
mm Hg (95% CI, 137.3-139.6 mm Hg) to 134.7 mm Hg (95% CI,
133.6-135.9 mm Hg), and the mean SBP among patients who did
not receive intensifications decreased from 138.4 mm Hg (95%
CI, 137.3-139.6 mm Hg) to 134.4 mm Hg (95% CI, 133.2-135.6
mm Hg). The mean (SD) time between baseline and postbase-

Table 1. Selected Cohort Characteristics Before and After Propensity Score Matchinga (continued)

Characteristic

Before Propensity Score Matching

SMD

After Propensity Score Matchingb

SMD
Intensified
(n = 2074)

Not Intensified
(n = 12 841)

Intensified
(n = 2028)

Not Intensified
(n = 2028)

Opioid analgesics 467 (22.5) 2915 (22.7) 0 455 (22.4) 472 (23.3) 0.02

Sedatives and hypnotics 242 (11.7) 1693 (13.2) 0.05 239 (11.8) 235 (11.6) 0.01

Insulin 400 (19.3) 2695 (21) 0.04 394 (19.4) 433 (21.4) 0.05

Selected comorbiditiesh

Heart failure 715 (34.5) 3272 (25.5) 0.20 691 (34.1) 729 (35.9) 0.04

Acute myocardial infarction 116 (5.6) 610 (4.8) 0.04 112 (5.5) 102 (5) 0.02

Coronary artery disease 895 (43.2) 5239 (40.8) 0.05 880 (43.4) 890 (43.9) 0.01

Valvular heart disease 263 (12.7) 1508 (11.7) 0.03 262 (12.9) 247 (12.2) 0.02

Arrhythmias 666 (32.1) 4225 (32.9) 0.02 649 (32) 632 (31.2) 0.02

Chronic obstructive pulmonary disease
or asthma

1021 (49.2) 6695 (52.1) 0.06 1006 (49.6) 1028 (50.7) 0.02

Renal disorders 1513 (73) 8862 (69) 0.09 1476 (72.8) 1479 (72.9) 0

Diabetes 1167 (56.3) 6661 (51.9) 0.09 1135 (56) 1166 (57.5) 0.03

Hip fracture 36 (1.7) 276 (2.1) 0.03 36 (1.8) 42 (2.1) 0.02

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); ED, emergency department; PDC, proportion of
days covered; SBP, systolic blood pressure; SMD, standardized mean difference.

SI conversion factor: To convert sodium and potassium to millimoles per liter,
multiply by 1.
a Data are presented as number (percentage) of patients unless otherwise

indicated. Selected covariates are presented; a full list of covariates included
in propensity scoring are given in eTable 3 in the Supplement.

b Patients who were discharged with intensified antihypertensive regimens were
matched with patients who were discharged without antihypertensive
intensifications based on 1:1 propensity score matching without replacement.
Matching was performed using a caliper width of 0.2 times the pooled SD of the
logit of the propensity scores for the cohort. Balance between the groups was
assessed before and after matching by comparing SMDs for each variable for
which a difference of less than 0.10 was considered to indicate adequate balance.

c Missing data were as follows: income (n = 6), BMI (n = 960), outpatient blood
pressure (n = 425), outpatient pulse (n = 534), inpatient blood pressure
(n = 167), inpatient pulse (n = 174), hemoglobin (n = 1170), potassium
(n = 586), sodium (n = 534), blood urea nitrogen (n = 839), carbon dioxide
(n = 735), and platelets (n = 866).

d Prehospitalization vital sign data were measured as the median of the 3 most
recent ambulatory recordings before index hospitalization, collected in the year
before hospitalization and excluding the week immediately preceding
hospitalization.

e Laboratory data collected from day of index hospitalization discharge
or during index hospitalization up to 2 days before day of discharge.

f Adherence calculated from electronic pharmacy dispensing data as the PDC
for each admission antihypertensive regimen in the year before index hospital
admission. A threshold of 80% is a commonly used criterion to determine
clinically significant nonadherence. To account for patients taking multiple
antihypertensives at hospital admission, a composite PDC was calculated as
the mean of each antihypertensive PDC because individual antihypertensive
PDCs were highly collinear within patients.

g All medications classified using Veterans Affairs drug class coding.
Combination medications were split into component parts. Topical, inhaled,
otic, and optic medications were excluded.

h Comorbidities include both secondary discharge diagnoses from index
hospitalization and preadmission diagnoses from the year preceding index
hospitalization.
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line measures was 354 (52) days in the intensified group and 356
(51) days in the nonintensified group. The pre-post change was
−3.8 (95% CI, −5.4 to −2.3) in the intensified group and −4.0 (95%
CI, −5.6 to −2.4) in the not intensified group. No significant dif-
ference was found in the change in SBP between groups
(differences-in-differences estimate, 0.2 mm Hg; 95% CI, –2.0
to 2.4 mm Hg).

Sensitivity Analyses
Prehospitalization Baseline BP Subgroups
Propensity score matching yielded a cohort of 2244 patients with
previously well-controlled prehospitalization baseline SBP (<140
mm Hg) and a cohort of 1756 patients with elevated prehospi-
talization baseline SBP (≥140 mm Hg), each equally split be-
tweenthosewhoreceivedintensificationsandthosewhodidnot.
Covariate balance between groups in each cohort was excellent
except for differences in the regional distribution of patients
(eTable 5, eTable 6, and eFigure 2 in the Supplement).

Among matched patients with well-controlled baseline
SBP, the mean (SD) prehospitalization outpatient SBP was 125
(11) mm Hg for the intensified and not intensified groups. Those
who received intensifications were more likely to be readmit-
ted (HR, 1.34; 95% CI, 1.11-1.62) and to experience an SAE
(HR, 1.65; 95% CI, 1.13-2.40) within 30 days and more likely
to experience a cardiovascular event within 1 year (HR, 1.37;
95% CI, 1.08-1.75) (Table 3).

Among matched patients with elevated baseline SBP, the
mean (SD) prehospitalization outpatient BP was 154 (13) mm Hg
for the intensified and nonintensified groups. No difference was
found in the primary or secondary clinical outcomes among pa-
tients who were discharged with antihypertensive intensifica-
tions (Table 3 and eTable 7 in the Supplement). Receipt of an in-
tensification was not associated with a significant difference in
change in SBP for either subgroup (eTable 8 in the Supplement).

E-Value Analyses
An unmeasured confounder could fully account for the asso-
ciation of intensification with hospital readmissions if it were
associated with the exposure and outcome by an HR of 1.58
(lower confidence limit, 1.27) and could fully account for the
association of intensification with hospital readmissions if it
was associated with the exposure and outcome by an HR of
2.17 (lower confidence limit, 1.31).

Discussion
In this national study of older adults with hypertension who were
hospitalized for common noncardiac conditions, intensifica-
tion of antihypertensive regimens at hospital discharge was as-
sociated with increased short-term risks of readmission and
medication-related SAEs. Moreover, intensification of antihy-
pertensiveregimensathospitaldischargewasnotassociatedwith
longer-term improvements in BP control or a reduction in car-
diovascular events. These results suggest that intensification of
outpatient antihypertensive regimens during hospitalization for
noncardiac conditions should generally be avoided in older
adults.

Figure. Cumulative Hazard Plots Comparing Outcomes With Exposure
to Antihypertensive Regimen Intensifications at Hospital Discharge
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A, Patients were censored at 30 days after index hospitalization discharge.
All-cause readmissions were identified through Veterans Affairs and Medicare
claims. B, Patients were censored at 30 days after index hospitalization discharge.
Serious adverse events were identified through Veterans and Medicare claims and
defined as the first emergency department visit or hospitalization for injurious
falls, syncope, hypotension, electrolyte abnormalities, or acute kidney injury.
C, Patients were censored at 365 days after index hospitalization discharge.
Cardiovascular events were identified through Veterans Affairs and Medicare
claims and defined as the first emergency department visit or hospitalization
for acute myocardial infarction, unstable angina, stroke, heart failure, or
hypertension. HR indicates hazard ratio.

Outcomes of Intensifying Older Adults’ Antihypertensive Regimens at Hospital Discharge Original Investigation Research

jamainternalmedicine.com (Reprinted) JAMA Internal Medicine November 2019 Volume 179, Number 11 1533

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2019.3007?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.3007
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2019.3007?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.3007
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2019.3007?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.3007
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.3007


To date, no clinical trials have evaluated the outcomes of
intensifying antihypertensive regimens at hospital dis-
charge. Thus, our findings provide important data to practi-
tioners considering inpatient BP management decisions. Be-
cause more than half of patients in our study who received
antihypertensive regimen intensifications at discharge had
well-controlled outpatient BP before hospitalization, the ob-
served increased rate of medication-related SAEs may par-
tially be explained by BP overtreatment, which may be asso-
ciated with postural or absolute hypotension, resulting in
syncope, falls, or renal injury. Analyses stratifying patients by
prehospitalization outpatient BP control demonstrated that
patients with previously well-controlled BPs had increased

risk of medication-related SAEs and readmissions, but these
associations were not observed for patients with previously
elevated BPs. Although these subgroup analyses were not de-
finitive, they suggest that intensification of antihypertensive
regimens at discharge should be discouraged for patients with
previously controlled outpatient BP because there is little
potential of additional cardiovascular benefit for patients
already at goal.

Even in patients with previously elevated BPs, the timing
of antihypertensive regimen intensification at hospital
discharge may lead to unnecessary risk. Prior research16

indicates that the risk of antihypertensive-related SAEs may
be particularly elevated in the first 30 days after initiation of

Table 3. Clinical Outcomes Associated With Receiving an Antihypertensive Intensification Regimen
at Hospital Discharge in Subgroups With Controlled and Elevated Prehospitalization Baseline Blood Pressure Subgroupsa

Outcome

Well-Controlled Baseline Blood Pressure Group
(SBP<140 mm Hg)b Elevated Baseline Blood Pressure Group (SBP≥140 mm Hg)c

No. With Event

Hazard Ratio
(95% CI)

NNH
(95% CI)d

No. With Event

Hazard Ratio
(95% CI)

NNH
(95% CI)d

Inten-
sified
(n = 1122)

Not
Inten-
sified
(n = 1122)

Inten-
sified
(n = 878)

Not
Inten-
sified
(n = 878)

Hospital readmission, 30 d 252 193 1.34 (1.11-1.62) 19 (12-51) 178 161 1.12 (0.91-1.39) NA

Serious adverse event, 30 d 70 43 1.65 (1.13-2.40) 41 (24-167) 43 36 1.19 (0.77-1.86) NA

Cardiovascular event, 365 d 146 109 1.37 (1.08-1.75) 30 (17-147) 127 105 1.24 (0.95-1.60) NA

Abbreviations: NA, not applicable; NNH, number needed to harm;
SBP, systolic blood pressure.
a Patients were censored at 30 or 365 days after index hospitalization discharge

as indicated. Subdistribution hazards were generated from competing risk
regression models, accounting for the competing risk of death. Serious
adverse events were defined as first emergency department visit or
hospitalization for injurious fall, syncope, hypotension, electrolyte
abnormalities, or acute kidney injury. Cardiovascular events were defined as
first emergency department visit or hospitalization for acute myocardial
infarction, unstable angina, stroke, heart failure, or hypertension.

b Propensity score matching and survival analyses were performed separately

for this subgroup of patients in whom well-controlled prehospitalization
baseline SBP was defined to include all patients with an outpatient SBP less
than 140 mm Hg before index hospitalization.

c Propensity score matching and survival analyses were performed separately
for this subgroup of patients in whom elevated prehospitalization baseline
SBP was defined to include all patients with an outpatient SBP of 140 mm Hg
or higher before index hospitalization.

d The NNH was only estimated when there was a statistically significant
direction of treatment effect.

Table 2. Primary and Secondary Clinical Outcomes Associated With Receiving an Antihypertensive Intensification Regimen at Hospital Dischargea

Outcome

No. (%) of Patients

Hazard Ratio (95% CI) NNH (95% CI)b
Intensified Rgimen
(n = 2028)

Not Intensified Regimen
(n = 2028)

Primary outcomes

Hospital readmission, 30 d 434 (21.4) 358 (17.7) 1.23 (1.07-1.42) 27 (16-76)

Serious adverse event, 30 d 91 (4.5) 62 (3.1) 1.41 (1.06-1.88) 63 (34-370)

Cardiovascular event, 365 d 280 (13.8) 242 (11.9) 1.18 (0.99-1.40) NA

Secondary 30-d outcomes

Mortality 84 (4.1) 101 (5.0) 0.84 (0.62-1.12) NA

Cardiovascular event 72 (3.6) 44 (2.2) 1.65 (1.13-2.40) 72 (41-278)

Secondary 365-d outcomes

Mortality 477 (22.0) 519 (25.6) 0.91 (0.80-1.03) NA

Readmission 1210 (59.7) 1161 (57.2) 1.07 (0.99-1.16) NA

Serious adverse event 413 (20.4) 376 (18.5) 1.12 (0.97-1.28) NA

Abbreviations: NA, not applicable; NNH, number needed to harm.
a Patients were censored at 30 or 365 days after index hospitalization discharge

as indicated. Hazard ratios for mortality were generated from Cox proportional
hazards regression models. For all other outcomes, subdistribution hazards
were generated from competing risk regression models, accounting for the
competing risk of death. Serious adverse events were defined as first
emergency department visit or hospitalization for injurious fall, syncope,

hypotension, electrolyte abnormalities, or acute kidney injury. Cardiovascular
events were defined as first emergency department visit or hospitalization for
acute myocardial infarction, unstable angina, stroke, heart failure,
or hypertension.

b The NNHs were only estimated when there was a statistically significant
direction of treatment effect.
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medication use. This risk is likely to be compounded when an-
tihypertensive regimens are intensified during hospitaliza-
tion because patients who have increased rates of adverse drug
events are often exposed to multiple other medication changes
at hospital discharge and may be experiencing hospital-
associated disability.24 Whereas the harms of antihyperten-
sive intensification may be highest in the short term, outpa-
tient clinical trials indicate the benefits of BP lowering at 6 to
12 months after initiation of BP-lowering therapy.11,12 Thus, the
risk reduction in delaying adjustment of long-term BP medi-
cations until patients are seen in the outpatient setting is likely
to outweigh the short delay in possible benefit.4,5

The findings suggest that intensification of antihyperten-
sive regimens at hospital discharge was associated with an in-
creased risk of all-cause hospital readmissions beyond the ob-
served increased risk in SAEs. Intensification of antihypertensive
regimens at discharge may contribute to polypharmacy and po-
tentially medication confusion at discharge, which may be as-
sociated with increased risk of hospitalization for adverse drug
events and reduced patient adherence to other medications that
affect their short-term health. This finding may also be a result
of unmeasured differences between intensified and noninten-
sified patients (eg, frailty,25 functional status,26 and social risk27),
although it is unclear why patients receiving regimen intensi-
fications might be more likely to have these risk factors. Fur-
thermore, physicians who intensified antihypertensive regi-
mens may deliver other types of care differently than physicians
who did not intensify antihypertensive regimens and may be
more likely to change to other medications, which could fur-
ther contribute to medication confusion and risk of readmis-
sion. Thus, our finding of increased risk of readmission may re-
flect a broader phenomenon of overall medication regimen
intensification at hospital discharge.

We found that intensification of antihypertensive regi-
mens at hospital discharge was not associated with a reduc-
tion in cardiovascular events at 1 year in the full cohort or in
the subgroup of patients with previously elevated BPs. This
finding likely reflects a lack of persistence to antihyperten-
sive intensifications after discharge because there was also no
difference in SBP between intensified and nonintensified
groups at 1 year. After discharge, outpatient practitioners may
reverse antihypertensive changes made during hospitaliza-
tion because of the occurrence of medication-related SAEs, ob-
servation of symptomatic hypotension, or knowledge of con-
textual factors about the patient’s care, such as preference for
medication minimization, cost concerns, or prior medication
intolerance. Furthermore, patients may discontinue intensi-
fication regimens on their own because of medication confu-
sion, adverse effects, or the perception that medications re-
ceived at hospital discharge need to only be taken in the short
term. Exposure to intensified BP medications for short peri-
ods is unlikely to be associated with reduced cardiovascular
risk but may contribute to polypharmacy and associated risks.

Our findings have implications for the management of
chronic conditions at hospital discharge. Although clear commu-
nication remains paramount to minimizing the medication-
related harms in the perihospitalization period, simply reconcil-
ing medications at discharge is not sufficient.28,29 Decisions to

adjustchronicdiseasemedicationsintheinpatientsettingshould
incorporate considerations of patients’ likelihood of benefit and
the interplay of the acute hospital condition with existing chronic
conditions.30 Inaddition,practitionersshouldrecognizethatfluc-
tuations in chronic disease markers during hospitalization (eg,
BP or blood glucose recordings) may be transient and that deci-
sions to adjust long-term regimens may often be able to be de-
layed until after hospitalization. To improve prescribing quality,
efforts should target improving the accessibility of crucial out-
patient disease information (eg, recent outpatient BPs and medi-
cationuse)toinpatientpractitionersmakingchronicdiseaseman-
agement decisions at the point of care, possibly through the
development of clinical decision support tools.31,32

Limitations
Our study has several limitations. First, to address the risk of
confounding inherent to observational studies, we used pro-
pensity score matching that incorporated a large number of
clinically relevant factors, including markers of BP control, co-
morbidities, prior health care and medication use patterns, and
validated readmission prediction measures. Furthermore, the
findings of our secondary analyses are mechanistically con-
sistent with the primary outcome results. Nonetheless, our
study may be subject to confounding by factors that were not
able to be measured. Second, although our examination of ad-
verse events was strengthened by examining VA and Medi-
care claims, this approach was limited to examining events
that resulted in an ED visit or hospitalization and does not
identify less serious adverse drug events for which patients
sought ambulatory care or no care. Third, our examination of
cardiovascular outcomes was limited to 1 year of follow-up;
however, it is unlikely that there would be a differential change
in longer-term cardiovascular events because there was no dif-
ference in BPs between groups at 1 year. Fourth, the subgroup
analyses that examined outcomes stratified by preadmission
BP control were exploratory and do not definitely prove dif-
ferential effects of antihypertensive regimen intensification
across levels of baseline BP. Fifth, our study took place in the
VHA health system, which is the largest integrated health care
system in the United States but serves a higher proportion of
men and patients with multimorbidity than the general US
population. As a result, our cohort was predominately male;
thus, our findings may not be generalizable to female pa-
tients. Sixth, our study examined only older adults; thus, our
findings are not generalizable to younger populations.

Conclusions
Among older adults hospitalized for noncardiac conditions,
discharge with intensified antihypertensives was not associ-
ated with reduced cardiac events within 1 year but was asso-
ciated with an increased risk of readmission and SAEs
within 30 days. Shifting practice from intensifying antihy-
pertensive regimens during hospitalization to communicat-
ing concerns about patients’ long-term BP control to outpa-
tient practitioners for close follow-up may provide a safer
treatment path for patients.
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