
the bmj | BMJ 2018;362:k3503 | doi: 10.1136/bmj.k3503 1

RESEARCH

Intensification of older adults’ outpatient blood pressure 
 treatment at hospital discharge: national retrospective  
cohort study
Timothy S Anderson,1 Charlie M Wray,2 Bocheng Jing,3 Kathy Fung,3 Sarah Ngo,3 Edison Xu,3 
Ying Shi,3 Michael A Steinman4

ABSTRACT

Objectives
To assess how often older adults admitted to hospital 
for common non-cardiac conditions were discharged 
with intensified antihypertensive treatment, and 
to identify markers of appropriateness for these 
intensifications.
Design
Retrospective cohort study.
setting
US Veterans Administration Health System.
ParticiPants
Patients aged 65 years or over with hypertension 
admitted to hospital with non-cardiac conditions 
between 2011 and 2013.
Main OutcOMe Measures
Intensification of antihypertensive treatment, defined 
as receiving a new or higher dose antihypertensive 
agent at discharge compared with drugs used before 
admission. Hierarchical logistic regression analyses 
were used to control for characteristics of patients and 
hospitals.
results
Among 14 915 older adults (median age 76, 
interquartile range 69-84), 9636 (65%) had well 
controlled outpatient blood pressure before 
hospital admission. Overall, 2074 (14%) patients 
were discharged with intensified antihypertensive 

treatment, more than half of whom (1082) had well 
controlled blood pressure before admission. After 
adjustment for potential confounders, elevated 
inpatient blood pressure was strongly associated 
with being discharged on intensified antihypertensive 
regimens. Among patients with previously well 
controlled outpatient blood pressure, 8% (95% 
confidence interval 7% to 9%) of patients without 
elevated inpatient blood pressure, 24% (21% to 
26%) of patients with moderately elevated inpatient 
blood pressure, and 40% (34% to 46%) of patients 
with severely elevated inpatient blood pressure 
were discharged with intensified antihypertensive 
regimens. No differences were seen in rates of 
intensification among patients least likely to benefit 
from tight blood pressure control (limited life 
expectancy, dementia, or metastatic malignancy), nor 
in those most likely to benefit (history of myocardial 
infarction, cerebrovascular disease, or renal disease).
cOnclusiOns
One in seven older adults admitted to hospital for 
common non-cardiac conditions were discharged with 
intensified antihypertensive treatment. More than half 
of intensifications occurred in patients with previously 
well controlled outpatient blood pressure. More 
attention is needed to reduce potentially harmful 
overtreatment of blood pressure as older adults 
transition from hospital to home.

Introduction
More than half of adults admitted to hospital are 
discharged with changes to four or more of their 
outpatient drug treatments.1-3 Although substantial 
efforts have been made to manage and communicate 
changes in drug treatment at the time of discharge 
from hospital (for example, medication reconciliation), 
comparatively little focus has been placed on the 
appropriateness of the changes themselves.4  5 Even 
when clinically indicated, drug changes create risks 
to patients including adverse drug events, medication 
confusion, and drug interactions. When drug changes 
made during hospital admission and continued at 
discharge are non-essential, they may cause more 
harm than good, exposing patients to potentially 
serious harms with minimal likelihood of benefit.6-8

One area of particular importance is the modification 
of longstanding regimens for chronic diseases that 
are not directly related to hospital admission.6 
These considerations are particularly crucial for 
hypertension, as blood pressure is frequently measured 
during hospital admission and transient fluctuations 
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WhAT iS AlReAdy knoWn on ThiS TopiC
More than half of adults admitted to hospital are discharged with changes to 
multiple outpatient drug treatments
Transient elevations of blood pressure are common in adults admitted to 
hospital
Whether hospital admission leads to intensification of older adults’ outpatient 
blood pressure drug regimens is unknown

WhAT ThiS STudy AddS
In this retrospective cohort study of patients admitted to US Veterans 
Affairs hospitals, one in seven older adults were discharged with intensified 
antihypertensive drugs
More than half of these patients had previously well controlled outpatient blood 
pressure
Elevated inpatient blood pressure strongly predicted intensification, even in 
patients with previously well controlled outpatient blood pressures or a low 
likelihood of benefit from strict blood pressure control
More attention is needed to reduce potentially harmful overtreatment of blood 
pressure as older adults transition from hospital to home
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are common. Despite a lack of evidence indicating 
benefit from strict inpatient blood pressure control in 
most clinical scenarios, elevated readings may lead 
clinicians to intensify antihypertensive treatment 
regimens.9 10 Strict control of chronic diseases during 
the hospital stay can easily become overtreatment 
when continued on discharge and expose the patient 
to increased treatment burden and a higher risk of 
serious adverse events.10 11 Furthermore, in modifying 
drugs for chronic diseases, inpatient clinicians may 
not be aware of important contextual factors, such as 
history of previous drug treatment, drug intolerance, 
barriers to adherence, and the patient’s long term 
success at disease control.12

Previous research has not examined how frequently 
antihypertensive drugs are intensified during hospital 
admission and continued at discharge or which 
patients are most likely to have their drugs changed. 
We examined a national cohort of older adults with 
hypertension who were admitted to hospital for common 
medical conditions to assess how often outpatient 
antihypertensive agents are intensified during hospital 
admission, to what extent inpatient blood pressure 
recordings and outpatient blood pressure control are 
driving intensification of antihypertensive treatment, 
and whether chronic comorbidities influence decisions 
to intensify treatment during hospital admission.

Methods
Data source and study population
We did a retrospective cohort study of older adults 
admitted to hospital by using national inpatient and 
outpatient Veterans Affairs pharmacy data merged with 
Veterans Affairs and Medicare claims data from fiscal 
years 2009-14. The Veterans Affairs health system 
is a national integrated health system in the US that 
provides care to more than 9 million US veterans at more 
than 1200 outpatient clinics and 170 medical centers. 
Inpatient care at the Veterans Affairs is provided by a 
combination of attending physicians who specialize 
in inpatient medicine (hospitalists) and primary care 
physicians and specialists who intermittently attend on 
inpatient services. The Veterans Affairs health system 
is a primary site for graduate medication education in 
the US, so many patients will be cared for by a team 
of trainees (medical students and residents) and an 
attending physician. The study cohort consisted of all 
patients aged 65 years and older with a diagnosis of 
hypertension who received regular Veterans Affairs 
outpatient care and were admitted to a Veterans Affairs 
hospital between January 1, 2011 and December 31, 
2013 for pneumonia, urinary tract infection, or venous 
thromboembolism. We chose these three conditions 
as  they are common reasons for hospital admission 
and  their treatment does not typically require 
aggressive blood pressure management.

We defined hypertension as at least two outpatient 
diagnoses or one hospital discharge diagnosis of 
hypertension in the two years preceding the index 
hospital admission.13  14 We identified hospital 

admissions for pneumonia, urinary tract infection, 
and venous thromboembolism by primary discharge 
diagnosis ICD-9 (international classification of 
diseases, version 9) codes.13 We excluded patients with 
secondary discharge diagnoses that might necessitate 
an acute change in antihypertensive treatment (for 
example, atrial fibrillation or acute cardiovascular or 
cerebrovascular events). To ensure accurate capture of 
drug use, we limited our sample to patients who received 
at least 80% of their outpatient care in Veterans Affairs 
settings and thus were expected to regularly receive 
drugs from Veterans Affairs pharmacy sources, and we 
excluded patients admitted from or discharged to an 
institutional setting and those admitted to hospital in 
the preceding 30 days. Detailed exclusion criteria are 
depicted in supplementary figure A.

identifying drug intensifications
Our primary outcome was whether a patient received 
one or more intensified outpatient antihypertensive 
agents at hospital discharge. We examined major 
antihypertensive drug classes, as identified by the 
seventh report of the Joint National Committee ( JNC-7),  
released in 2004 and the primary blood pressure 
guideline in use during our study period.15 Drug 
classes included angiotensin converting enzyme 
inhibitors, angiotensin receptor blockers, β blockers, 
calcium channel blockers, thiazide diuretics, centrally 
acting α2 agonists, direct vasodilators, aldosterone 
receptor blockers, and potassium sparing diuretics. 
We also included direct renin inhibitors, which were 
approved for treatment of hypertension after the 
publication of JNC-7. We excluded loop diuretics 
and α1 blockers, as they are more commonly used 
to treat edema and benign prostatic hypertrophy, 
respectively.

To establish whether a patient’s antihypertensive 
drugs were intensified, we first established a list of 
admission and discharge antihypertensives for each 
patient. On the basis of validation work, described 
below, we defined active use at time of admission as 
the latest pharmacy fill being for a quantity sufficient 
to last until at least 60 days before hospital admission. 
This type of grace period is a commonly used criterion 
to account for carryforward of previously stockpiled 
drugs and transient non-adherence.16  17 Next, we 
established a list of discharge drugs that included 
prescriptions filled by the outpatient pharmacy 
between two days before and two days after discharge, 
prescriptions filled by the inpatient pharmacy on the 
date of discharge with a supply of at least seven days, 
and drugs present on admission for which the patient 
had an adequate supply at home according to pre-
admission dispensing history.

We classed antihypertensives not present on the 
admission drug list but prescribed at discharge as 
new drug additions. We defined dose increases as 
admission drugs for which a discharge prescription 
was filled for a dose increase of more than 20%. We 
classed both dose increases and the addition of new 
drugs as treatment intensifications. We then classified 
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all patients as receiving an intensification if they 
received at least one dose increase or addition.

validation of identification of intensifications
Pharmacy records cannot be used to reliably assess 
which drugs present on admission were not continued 
at discharge. Thus some patients with intensification 
of one or more antihypertensive drugs may also have 
had other antihypertensives stopped, resulting in 
net balance or deintensification of treatment for 
that patient and misidentification by our measure. 
To confirm the accuracy of our approach to using 
pharmacy records for identifying drug intensifications, 
we did a two stage chart review of 234 charts identified 
from stratified random samples of the study cohort (see 
supplementary methods and supplementary tables 
A and B). We found that patient level intensifications 
identified by pharmacy records had a sensitivity of 81% 
(95% confidence interval 58% to 95%), a specificity of 
96% ( 91% to 98%), and a positive predictive value of 
73% (63% to 81%).

covariates
Our primary predictor variables were inpatient and 
outpatient blood pressure control. Outpatient blood 
pressure control was measured using the median of the 
three most recent readings recorded at outpatient visits 
before the seven days preceding hospital admission. We 
categorized outpatient blood pressure control as well 
controlled if systolic blood pressure was below 140 
mm Hg and diastolic blood pressure was below 90 mm 
Hg, high if systolic pressure was 140-179 mm Hg and 
diastolic pressure was 90-99 mm Hg, or very high if 
systolic pressure was 180 mm Hg or higher or diastolic 
pressure was 100 mm Hg or higher. We categorized 
inpatient blood pressure control as severely elevated 
if three or more recordings of systolic blood pressure 
above 180 mm Hg were measured during hospital 
admission, moderately elevated if three or more 
recordings of systolic pressure were above 160 mm Hg, 
or not elevated. Ninety six per cent (14 347/14 915) 
of patients had both inpatient and outpatient blood 
pressure values available.

Demographic and chronic disease covariates 
included age, sex, ethnicity, median household 
income estimated from residential zip codes, the 
Deyo adaptation of the Charlson comorbidity index 
(calculated from Veterans Affairs and Medicare claims 
during the 24 months before hospital admission),18 
and individual constituents of that index. Hospital 
admission related covariates included year of 
admission, training hospital status, length of stay, and 
primary discharge diagnosis.

statistical analysis
We did multivariable mixed effect logistic regression 
analyses to determine associations between the 
outcome of antihypertensive intensification and 
primary predictors of outpatient and inpatient blood 
pressure control. Adjusted analyses included the 
covariates noted above, a random effect term to 

account for clustering by hospital, and an interaction 
term to account for the relation between inpatient and 
outpatient blood pressure categories.

We then examined whether specific comorbidities 
and life expectancy affected the predicted probability 
of being discharged with intensified antihypertensives. 
We hypothesized that patients with chronic 
comorbidities associated with a greater potential 
benefit from strict blood pressure control (previous 
history of congestive heart failure, acute myocardial 
infarction, renal disease, and cerebrovascular 
disease) would be more likely to be discharged 
with intensified regimens, whereas patients with 
comorbidities associated with lower potential benefit 
(metastatic malignancy and dementia) and those with 
limited life expectancy (based on age and Charlson 
score)18  19 would be less likely to be discharged with 
intensified regimens. For this analysis, we again did 
multivariable logistic regression analyses using the 
approach described above but separating the Charlson 
index into dichotomous component variables for each 
comorbidity.

Patients with a history of congestive heart failure or 
acute myocardial infarction may have antihypertensives 
such as β blockers and angiotensin converting enzyme 
inhibitors adjusted for reasons other than blood 
pressure control, so we did two sensitivity analyses. 
Firstly, we calculated the proportion of patients 
receiving intensifications after restricting our cohort 
to patients without a secondary discharge diagnosis 
of congestive heart failure or past medical history of 
congestive heart failure or acute myocardial infarction. 
Secondly, we repeated our primary analysis but 
added indicator variables for a secondary discharge 
diagnosis or comorbidity of congestive heart failure 
and comorbidity of acute myocardial infarction.

We determined statistical significance by using 
95% confidence intervals and two tailed tests with 
P<0.05. We used post-estimation margins to calculate 
predicted probabilities of intensification by blood 
pressure group, by comorbidity, and by estimated life 
expectancy. We used Stata version 14.1 for all analyses.

Patient and public involvement
No patients were involved in setting the research 
question or the outcome measures, nor were 
they involved in developing plans for design or 
implementation of the study. No patients were asked 
to advise on interpretation or writing up of results. 
As this study concerned examination of existing 
administrative claims data for a national sample of 
patients, no participants were specifically recruited 
for this analysis and there are no plans to directly 
disseminate the results of the research to study 
participants.

Results
cohort characteristics
Table 1 shows the characteristics of the 14 915 
patients. The cohort was almost entirely male, the 
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median age was 76 years, and most patients had 
multiple comorbidities. Half of the cohort had a 
primary discharge diagnosis of pneumonia (n=7726), 
38% urinary tract infection (n=5639), and 10% venous 
thromboembolism (n=1550). Patients were prescribed 
a median of one antihypertensive drug on admission.

inpatient and outpatient blood pressure control
Figure 1 shows the relation between inpatient and 
outpatient blood pressure control. Before admission, 
65% (n=9639) of patients had well controlled 
outpatient blood pressure, 32% (4567) had high 
outpatient blood pressure, and 2% (287) had very high 
outpatient blood pressure. During hospital admission, 
19% (2755) of patients had moderately elevated 
inpatient blood pressure and 5% (775) had severely 
elevated inpatient blood pressure. Elevated inpatient 
blood pressure was more common in patients with 

chronically elevated outpatient blood pressure before 
admission (P<0.001); however, 47% (2399/5062) of 
the cohort with elevated inpatient blood pressure were 
normotensive before admission.

intensification of antihypertensives
A total of 2074 (14%) patients were discharged 
with an antihypertensive intensification; 1293 
(9%) were started on one new antihypertensive on 
discharge and 300 (2%) were started on multiple 
new antihypertensives (supplementary figure B). 
Additionally, 628 (4%) patients were discharged on an 
increased dose of at least one antihypertensive.

Both elevated inpatient and outpatient blood 
pressures were predictive of receipt an antihypertensive 
intensification, with a stronger association for 
inpatient blood pressure than outpatient blood 
pressure (table 2). More than half of patients 
discharged with antihypertensive intensifications 
had well controlled outpatient blood pressure before 
admission (1082/2074; 52%).

Probability of antihypertensive intensification by 
inpatient and outpatient blood pressure
Next, we calculated the rate of antihypertensive 
intensification after adjusting for several demographic, 
clinical, and other characteristics, to better understand 
the independent effect of outpatient and inpatient 
blood pressure control on this outcome. Patients with 
moderately elevated inpatient blood pressure had a 
25% (95% confidence interval 23% to 78%) probability 
of antihypertensive intensification. Similarly, patients 
with severely elevated inpatient blood pressure had 

table 1 | baseline characteristics of cohort. values are numbers (percentages) unless 
stated otherwise
characteristic value (n=14 915)
Demographics and chronic conditions
Median (interquartile range) age, years 77 (66-84)
Male sex 14 437 (96.8)
Ethnicity:
 White 11 486 (77.0)
 Black 2669 (17.9)
 Hispanic 277 (1.9)
 Other/unknown 482 (3.2)
Median (interquartile range) income, $ 43 965 (35 192-55 919)
Charlson comorbidity score:
 0 (good health) 872 (5.9)
 1-3 (average health) 6154 (41.3)
 ≥4 (poor health) 7889 (52.9)
Selected comorbidities:
 Previous history of myocardial infarction 1795 (12.0)
 Congestive heart failure 3980 (26.7)
 Cerebrovascular disease 3484 (23.4)
 Renal disease 5261 (35.3)
 Dementia 1004 (6.7)
 Malignancy 4802 (32.2)
 Metastatic malignancy 964 (6.5)
Pre-admission drug use
No (interquartile range) of drugs on admission 7 (4-11)
No (interquartile range) of antihypertensive drugs on admission 1 (1-2)
Antihypertensive drugs on admission:
 Angiotensin converting enzyme inhibitors 5756 (38.6)
 Angiotensin receptor blockers 1403 (9.4)
 β blockers 6716 (45.0)
 Calcium channel blockers 4605 (30.9)
 Thiazide diuretics 3059 (20.5)
 Other antihypertensives* 1480 (9.9)
Hospital admission
Year of admission:
 2011 5547 (37.2)
 2012 4834 (32.4)
 2013 4534 (30.4)
Primary discharge diagnosis:
 Pneumonia 7726 (51.8)
 Urinary tract infection 5639 (37.8)
 Venous thromboembolism 1550 (10.4)
Training hospital 13 194 (88.5)
Median (interquartile range) length of stay, days 4 (3-6)
*Other antihypertensives include aldosterone receptor blockers, centrally acting α2 agonists, direct renin 
inhibitors, direct vasodilators, and potassium sparing diuretics.

Outpatient blood pressure

No
 o

f p
at

ie
nt

s 
(0

00
s)

Inpatient blood pressure

Well controlled
(n=9542)

0

2

4

6

8

High
(n=4523)

Very high
(n=282)

Not elevated
Moderately elevated
Severely elevated

Fig 1 | relation between inpatient and outpatient 
blood pressure (bP) recordings. Outpatient bP control 
measured using median of three outpatient bPs before 
admission and defined as well controlled if systolic blood 
pressure (sbP)<140 mm Hg, high if sbP 140-179 mm Hg 
or diastolic blood pressure (DbP) 90-100 mm Hg, or very 
high if sbP≥180 mm Hg or DbP>100 mm Hg. inpatient 
bP control defined by number of elevated bP recordings 
and defined as severely elevated if ≥3 recordings of 
sbP>180 mm Hg, moderately elevated if ≥3 recordings 
of sbP>160 mm Hg without meeting criteria for severely 
elevated, or not elevated
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a 42% (38% to 47%) probability of antihypertensive 
intensification. Neither rate varied significantly across 
patients with better or worse levels of outpatient blood 
pressure control (P=0.35 for difference in severely 
elevated inpatient blood pressure group and P=0.05 
for difference in moderately elevated inpatient blood 
pressure group; fig 2). Among patients with previously 

well controlled outpatient blood pressure, 8% (95% 
confidence interval 7% to 9%) of patients without 
elevated inpatient blood pressure, 24% (21% to 
26%) of patients with moderately elevated inpatient 
blood pressure, and 40% (34% to 46%) of patients 
with severely elevated inpatient blood pressure 
were discharged with intensified antihypertensive 
regimens. Patients whose inpatient blood pressure 
was not elevated had a 9% (8% to 10%) probability of 
antihypertensive intensification. The small minority of 
this group (115/10 936) who had very high outpatient 
blood pressure were more likely to be intensified than 
those with normal or high outpatient blood pressure 
(P<0.001; fig 2).

Probability of antihypertensive intensification by 
comorbidity and life expectancy
In adjusted analyses, we found no significant 
differences in predicted probability of antihypertensive 
intensification at discharge by life expectancy 
(P=0.07), diagnosis of dementia (P=0.95), or metastatic 
malignancy (P=0.13) (fig 3, top). Patients with a 
previous history of congestive heart failure had a 2% 
(0.4% to 4%) increased probability of antihypertensive 
intensification compared with patients without (fig 3, 
bottom). No difference existed in the probability of 
intensification for patients with a previous history 
of myocardial infarction (P=0.53), cerebrovascular 
disease (P=0.37), or renal disease (P=0.73).

sensitivity analyses
In a sensitivity analysis excluding the 2104 patients 
with a secondary discharge diagnosis of congestive 
heart failure, 13% (1647/12 811) of the remaining 
patients were discharged with an antihypertensive 
intensification. In analyses excluding patients with a 
history of acute myocardial infarction or congestive 
heart failure, 12% (1239/10 031) of the remaining 
patients were discharged with an antihypertensive 
intensification. In analyses including separate indicator 
variables for diagnoses of congestive heart failure and 
acute myocardial infarction, having congestive heart 

table 2 | rates of antihypertensive intensification in older adults after hospital admission, by inpatient and outpatient 
blood pressures

blood pressure category intensification, no (%)
Odds ratio (95% ci)
unadjusted adjusted

Overall cohort (n=14 915) 2074 (13.9)
Outpatient blood pressure*:
 Well controlled (n=9636) 1082 (11.2) 1 (reference) 1 (reference)
 High (n=4567) 826 (18.1) 1.75 (1.58 to 1.93) 1.25 (1.08 to 1.45)
 Very high (n=287) 92 (32.1) 3.73 (2.89 to 4.82) 3.28 (2.09 to 5.14)
Inpatient blood pressure†:
 Not elevated (n=11 218) 985 (8.8) 1 (reference) 1 (reference)
 Moderately elevated (n=2755) 718 (26.1) 3.66 (3.29 to 4.08) 3.54 (3.03 to 4.12)
 Severely elevated (n=775) 349 (45.0) 8.51 (7.28 to 9.95) 7.67 (5.91 to 9.95)
Adjusted odds ratios estimated using mixed effect logistic regression accounting for age category, sex, ethnicity, income, Charlson comorbidity index, 
length of stay, primary discharge diagnosis, year, hospital training status, inpatient blood pressure (BP), outpatient BP, an interaction term for inpatient 
and outpatient BP, and random effects to account for clustering by Veterans Affairs hospital.
*Outpatient BP control measured using median of three outpatient BPs before admission and defined as well controlled if systolic blood pressure 
(SBP)<140 mm Hg, high if SBP 140-179 mm Hg or diastolic blood pressure (DBP) 90-100 mm Hg, or very high if SBP≥180 mm Hg or DBP>100 mm Hg.
†Inpatient BP control defined by number of elevated BP recordings and defined as severely elevated if ≥3 recordings of SBP>180 mm Hg, moderately 
elevated if ≥3 recordings of SBP>160 mm Hg without meeting criteria for severely elevated, or not elevated.
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Fig 2 | Predicted probability of antihypertensive 
intensification by inpatient and outpatient blood 
pressure (bP). error bars indicate 95% ci. Outpatient 
bP control measured using median of three outpatient 
bPs before admission and defined as well controlled if 
systolic blood pressure (sbP)<140 mm Hg, high if sbP 
140-179 mm Hg or diastolic blood pressure (DbP) 90-100 
mm Hg, or very high if sbP≥180 mm Hg or DbP>100 mm 
Hg. inpatient bP control defined by number of elevated 
bP recordings and defined as severely elevated if ≥3 
recordings of sbP>180 mm Hg, moderately elevated 
if ≥3 recordings of sbP>160 mm Hg without meeting 
criteria for severely elevated, or not elevated. Predicted 
probabilities estimated following mixed effect logistic 
regression accounting for age category, sex, ethnicity, 
income, charlson comorbidity index, length of stay, 
primary discharge diagnosis, year, hospital training 
status, inpatient bP, outpatient bP, an interaction term 
for inpatient and outpatient bP, and random effects to 
account for clustering by veterans affairs hospital

 on 18 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.k3503 on 12 S
eptem

ber 2018. D
ow

nloaded from
 

http://www.bmj.com/


RESEARCH

6 doi: 10.1136/bmj.k3503 | BMJ 2018;362:k3503 | the bmj

failure was a significant predictor of receiving an 
antihypertensive intensification (adjusted odds ratio 
1.55, 95% confidence interval 1.29 to 1.74) but having 
history of acute myocardial infarction was not (1.06, 
−0.91 to 1.24). Separately adjusting for congestive 
heart failure and acute myocardial infarction did not 
substantively affect the relation between receiving an 
intensification and other covariates, so we present only 
the results of the primary analysis.

discussion
In a national cohort of older veterans with hypertension 
who were admitted to hospital for common, non-
cardiovascular medical conditions, we found that one 
in seven patients were discharged with intensifications 
of their antihypertensive drugs, most of whom had well 
controlled blood pressure before admission. Elevated 
inpatient blood pressure readings were a stronger 
predictor of intensification than were outpatient blood 
pressure readings. Patients with limited life expectancy, 
dementia, or metastatic malignancy were no less likely 
to receive intensifications than all other patients, 
despite having a decreased likelihood of clinical 
benefit from tight blood pressure control. Patients with 
history of myocardial infarction or cerebrovascular 
disease were no more likely to receive antihypertensive 
intensifications, despite having the highest likelihood 
of clinical benefit. Our findings indicate that decisions 
to discharge patients with intensified antihypertensive 
regimens are likely driven by inpatient blood pressure 
readings and not the overall context of older adults’ 
health or long term disease control.

implications of findings
Inpatient clinicians are faced with a surplus of routinely 
collected clinical data that may not always improve 
clinical decision making. Telemetry and daily blood 
draws have been identified as areas of routine data 
collection that are often overused. Hospital inpatients 
have blood pressure recordings taken multiple times a 
day, a practice that may assist physicians in detecting 
clinically important hypotension. Although elevated 
blood pressure is common in inpatients,20 little 
evidence exists to guide clinicians managing elevated 
inpatient blood pressure.21 National guidelines on 
management of hypertension do not discuss the 
management of inpatient hypertension in the absence 
of hypertensive emergencies or blood pressure 
sensitive acute conditions such as acute myocardial 
infarction and acute ischemic stroke.22

The decision to intensify antihypertensives during 
hospital admission may be a result of applying 
outpatient blood pressure guidelines to inpatient 
recordings. However, many factors may contribute to 
transiently elevated inpatient blood pressure, including 
acute pain, stress, anxiety, and exposure to new drugs. 
White coat hypertension, in which blood pressure 
measured during medical office visits is routinely 
higher than out of office blood pressure, is a well 
documented phenomenon.23 Patients with white coat 
hypertension have comparable cardiovascular risk to 
normotensive patients.24 25 Few studies have examined 
the presence of a white coat effect for patients admitted 
to hospital, although recent research suggests that in-
hospital blood pressure in clinically stable patients is 
often higher than blood pressure measured at home 
after discharge.25 Our study adds to our understanding 
of inpatient blood pressure readings, as we found that 
nearly half of patients with multiple elevated inpatient 
blood pressure readings had well controlled outpatient 
blood pressure before admission.
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Fig 3 | Predicted probability of antihypertensive 
intensification by lower and higher likelihood to benefit 
from strict blood pressure (bP) control. top: groups with 
lower likelihood of benefit. P values for comparisons: 
life expectancy P=0.07, history of dementia P=0.95, 
and history of metastatic malignancy P=0.13. bottom: 
groups with higher likelihood of benefit. P values for 
comparison: history of myocardial infarction P=0.53, 
congestive heart failure P=0.01, cerebrovascular 
disease P=0.37, and renal disease P=0.73. Predicted 
probabilities for comorbidities estimated following 
mixed effect logistic regression accounting for age 
category, sex, ethnicity, income, length of stay, 
charlson comorbidity indicators, primary discharge 
diagnosis, year, hospital training status, inpatient 
bP, outpatient bP, an interaction term for inpatient 
and outpatient bP, and random effects to account 
for clustering by veterans affairs hospital. Predicted 
probabilities by life expectancy generated with similar 
models but replacing age and charlson comorbidity 
indicators with a categorical life expectancy variable 
calculated from age and number of comorbidities. error 
bars indicate 95% ci
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In some circumstances, hospital admission 
may be an opportunity to improve chronic disease 
management.22 Patients with poor outpatient 
blood pressure control may benefit from hospital 
resources, including counseling from pharmacists 
and nutritionists, and treatment intensification may 
be appropriate for certain patients when their long 
term disease control and health status are considered. 
However, our findings that patients’ comorbidities and 
life expectancy did not influence rates of intensification 
suggest that current treatment practices may focus on 
treating the number rather than treating the patient. 
Our study was conducted in the Veterans Affairs 
health system, which, as the largest integrated health 
system in the US with a national electronic health 
record, provides inpatient clinicians with longitudinal 
information on blood pressure and outpatient 
clinical notes. As this information may not be easily 
accessible in other healthcare systems, we speculate 
that outpatient blood pressure control may be even 
less likely to factor into clinical decision making in 
other settings. Although we found that patients with 
congestive heart failure were more likely to receive 
antihypertensive intensifications, this is likely driven 
by Veterans Affairs’ quality improvement initiatives 
aimed at standardizing drug regimens for heart failure, 
as we observed no difference in other patients likely to 
benefit from strict blood pressure control.

Hospital admission is also a high risk time for the 
adjustment of drugs. Patients, particularly older 
adults, may be at higher risk of falls, orthostatic 
hypotension, and adverse drug interactions while 
being treated for and recovering from acute illness.26 27 
Patients are often started on multiple drugs for 
different acute and chronic conditions,1-3 which may 
lead to confusion and increased risk of medication 
misuse and non-adherence. As the known benefits 
of blood pressure control come from successful long 
term treatment, the safest strategy for inpatient 
clinicians may be to routinely communicate the 
findings of elevated inpatient blood pressure to 
outpatient providers for further management after 
discharge rather than intensifying antihypertensives 
at discharge. If additional antihypertensives are given 
during hospital admission to control severely elevated 
inpatient blood pressure, clinicians (or pharmacist or 
nursing led medication reconciliation programs) could 
improve care by routinely reviewing patients’ previous 
outpatient blood pressure readings and drug use to 
better inform decision about whether patients are 
likely to benefit from being discharged with intensified 
antihypertensives. This approach may also be applied 
to other drug treatment started during hospital 
admission (such as drugs for insomnia or gastric ulcer 
protection) that may not routinely need to be continued 
on discharge. Little information is available about the 
long term consequences of intensifying treatment for 
hypertension or other chronic diseases during hospital 
stays. Although more research is needed, on the basis 
of available data little rationale seems to exist for 
intensification of treatment based on inpatient levels 

for patients who have well controlled outpatient blood 
pressure and no acute condition that mandates short 
term tight blood pressure control

limitations of study
Our analyses have several limitations. Pharmacy 
records may miss drugs obtained outside of the 
Veterans Affairs; however, we constructed our cohort 
to include patients receiving regular Veterans Affairs 
care and likely to obtain drugs from Veterans Affairs 
pharmacies. Furthermore, we used clinical chart 
review to validate pharmacy records with a high 
specificity and moderate sensitivity. Secondly, owing 
to limitations of pharmacy records, we were unable to 
reliably assess the frequency of drug discontinuations, 
leaving the possibility that some patients with at least 
one intensification also had other antihypertensives 
stopped or reduced. However, our chart review suggests 
that this was uncommon. Thirdly, antihypertensives 
may be intensified for indications other than 
hypertension; however, we constructed our cohort to 
include patients with a primary discharge diagnosis for 
which antihypertensives are not routinely indicated, 
we excluded patients with secondary diagnoses of 
events that may occur during hospital admission and 
warrant treatment with antihypertensives, such as 
atrial fibrillation and acute myocardial infarction, and 
our results remained similar in sensitivity analyses 
that excluded patients with coexisting congestive 
heart failure. Fourthly, the Veterans Affairs patient 
population is primarily male, which may limit 
generalizability. However, as our study examined 
physicians’ practices and the Veterans Affairs is a 
primary training site for many graduate medical 
education programs, practices developed by trainees 
in the Veterans Affairs system may shape care delivery 
in other hospital settings in the US.

conclusions
Despite a lack of data to guide inpatient blood 
pressure management, one in seven older adults with 
hypertension were discharged with intensifications of 
their antihypertensive drugs after admission to hospital 
for unrelated medical conditions. Decisions to intensify 
antihypertensives at discharge from hospital seem to 
be driven by inpatient blood pressure measurements 
and not the overall context of older adults’ health 
or long term disease control. Further research to 
inform clinical practice guidelines on inpatient blood 
pressure management is warranted and should target 
understanding the relation between inpatient and 
outpatient blood pressure and identifying the benefits 
and harms of intensifying antihypertensive drugs 
during hospital stays. Just as outpatient hypertension 
guidelines recommend personalizing management 
to account for patients’ clinical status and contextual 
factors, a shift away from treating all high numbers 
and toward a patient centered approach to inpatient 
blood pressure management is urgently needed.
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