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F ollowing hospitalization, patients are commonly
discharged with changes to their outpatient medications,

including the intensification of hypertension regimens made in
response to elevated inpatient measurements.1 Recent studies
indicate discharging older adults’ with intensified antihyper-
tensives may not reduce subsequent outpatient blood pressures
(BPs) or cardiovascular events.2 We sought to characterize
older adults’ persistence to antihypertensives prescribed fol-
lowing hospitalization, hypothesizing that persistence would
be lower for intensified antihypertensives compared to contin-
ued outpatient antihypertensives.

METHODS

The underlying study population has been described
previously and consisted of adults age > 65 years with
hypertension who were hospitalized in the national Vet-
erans Health Administration (VHA) health system for
pneumonia, venous thromboembolism or urinary tract
infection, between 2011 and 2013 and followed for
18 months after discharge.1,2 VHA pharmacy data was
used to assess antihypertensive use and to classify anti-
hypertensives filled at discharge as continuations, dose
increases, dose decreases, or new starts.
For each antihypertensive prescribed at discharge, we

calculated persistence as the number of days between
the discharge fill and the last refill for the same dose or
greater, plus the days’ supply of the latest refill.3 We
report persistence to 12 months following discharge, and
to avoid undercounting due to transient nonadherence,

we assessed refill history for 18 months. We constructed
Kaplan-Meier curves and used log-rank tests to examine
the differences in persistence by intensification type.
Analyses were conducted using Stata 14.1. This research
was approved by the San Francisco Veteran Affairs
Medical Center institutional review board.

RESULTS

The study population included 3839 older adults (mean age
76.5 [SD 8.3], 97.5% male) who filled 5534 antihypertensives
at discharge (Table 1). One-third of patients filled multiple
antihypertensives and persistence to each fill was examined
independently.
Of the 5534 antihypertensive fills examined, 2041 (36.9%)

were new starts, 695 (12.6%) dose increases, 2135 (38.6%)
continuations, and 663 (12.0%) dose decreases. Overall, 2032
(36.7%) of discharge fills were never refilled and 2924
(52.8%) were no longer being filled by 1 year. Persistence
was higher for continuations and dose decreases compared to
dose increases (Fig. 1) (P < .001). Persistence to new starts
was lower than persistence to all other fill types with 44.0% of
discharge fills never refilled and 60.0% no longer in use at
1 year.

DISCUSSION

In this study of antihypertensives prescribed to older
adults at hospital discharge, one-third of antihyperten-
sives were never refilled and half were not continued at
1 year, with lower persistence to intensified antihyper-
tensives compared to continuations. These findings help
explain prior observations that discharge with intensified
antihypertensives is not associated with improved outpa-
tient BP control.3

Received August 19, 2020
Accepted December 3, 2020

3900

Published online January 19, 2021

36(12):3900–2

http://crossmark.crossref.org/dialog/?doi=10.1007/s11606-020-06401-0&domain=pdf


Anderson et al.: Older Adults’ Persistence to AntihypertensivesJGIM

Persistence to continued and intensified antihypertensives
was poor, suggesting that hospitalization may significantly
disrupt outpatient hypertension management plans. These re-
sults build on prior research indicating that adherence to
antihypertensives prescribed following acute cardiac hospital-
izations was similarly low,4 indicating that a greater emphasis
on chronic disease monitoring and supporting adherence is
necessary following discharge, regardless of the primary rea-
son for hospitalization.
Patients may experience adverse drug events or medica-

tion confusion leading to discontinuation. Non-persistence to
discharge intensified antihypertensives may be appropriate
when patients with previously well-controlled outpatient BP
are discharged with unnecessary changes due to transiently
elevated inpatient BPs.1 Furthermore, outpatient clinicians
may reverse changes based upon contextual knowledge of
patients’ prior BP control, likelihood to benefit, or
preferences.
This study focused on older adults receiving care in the VHA

system, which provides inpatient, outpatient, and pharmacy
services with a shared electronic medical record and may not
be generalizable to other populations. Reliance on pharmacy fill
databases may overestimate medication use for patients with
intermittent adherence. We did not assess the reasons for dis-
continuation of antihypertensives following discharge.
In light of these results and prior studies of discharge

prescribing outcomes,1,2,4 a reconsideration of peri-
hospitalization hypertension management is warranted.5 To
improve persistence, efforts to improve chronic disease man-
agement across transitions of care should not be limited to
medication reconciliation, but must ensure a clear chronic
disease care plan is in place, with agreement from the patient
and their outpatient clinicians, particularly when outpatient
medication regimens are adjusted at discharge. Consideration
should be given to minimizing intensification of antihyperten-
sives during unrelated hospitalizations and instead communi-
cating concerns about inpatient BPs to outpatient clinicians for
close follow-up and consideration of medication changes fol-
lowing recovery from acute illness.
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Table 1 Characteristics of Older Adults Filling Antihypertensive
Prescriptions at Hospital Discharge

Characteristic N = 3839

Demographics
Age, mean (SD), years 76.5 (8.3)
Male sex, no. (%) 3742 (97.5)
Race/ethnicity, no. (%)
White 2761 (71.9)
Black 858 (22.4)
Hispanic 96 (2.5)
Other 24 (3.2)
Region, no. (%) b

Northeast (VISN 1–4) 526 (13.7)
South (VISN 5–9, 16, 17) 1837 (47.9)
Midwest (VISN 10–12,15, 23) 773 (20.1)
West (VISN 18–22) 703 (18.3)

Hospitalization characteristics
Reason for hospitalization, No. (%)
Pneumonia 1982 (51.6)
Urinary tract infection 1415 (36.9)
Venous thromboembolism 442 (11.5)
Length of stay, median (IQR), days 4 (3 to 7)

Comorbidities, no. (%)
Charlson Comorbidity score
0 (good health) 207 (5.4)
1–3 (average health) 1496 (39.0)
> 4 (poor health) 2136 (55.6)

Selected comorbidities
Prior myocardial infarction 506 (13.2)
Congestive heart failure 1281 (33.4)
Cerebrovascular disease 939 (24.5)
Renal disease 1494 (38.9)
Diabetes 1957 (51.0)
Dementia 268 (7.0)
Metastatic malignancy 194 (5.1)

Pre-hospitalization medication use
Medications on admission, median (IQR) 8 (5 to 11)
Antihypertensives on admission, no (%)
0 591 (15.4)
1 942 (24.5)
2 1181 (30.8)
3 743 (19.4)
4+ 382 (10.0)

Discharge antihypertensives fills, no. (%)
Single antihypertensive filled 2559 (66.7)
Multiple antihypertensives filled 1280 (33.3)
Discharge medication changes
Any intensification a 2119 (55.2)
Any new antihypertensive start 1645 (42.8)
Any dose increase 640 (16.7)
Any dose decrease 588 (15.3)

aIncludes new antihypertensive starts and dose increases
bAdministrative divisions in the VA are called Veterans Integrated
Service Networks (VISNs) which were divide to roughly approximate US
Census divisions
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Figure 1 Persistence with antihypertensives intensified at hospital discharge. Note: Survival curves for antihypertensives prescribed at hospital
discharge, among older adults 65 years and older with a past diagnosis of hypertension who were discharged from a Veterans Health

Administration medical centers following hospitalization for non-cardiovascular medical conditions. Continuations, dose decreases, and dose
increases defined as fills of a discharge prescription for an antihypertensive used prior to hospitalization at the total daily same dose ± 20%, at
< 20% the pre-hospitalization dose, or at > 20% the pre-hospitalization dose respectively. New antihypertensive starts defined as fill of a

discharge prescription for an antihypertensive not being used prior to hospitalization. Log rank test for the difference between groups P < .001.
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