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Abstract

Background: Acute decompensated heart failure (ADHF) is the most
common cause of readmissions in the hospital. ADHF patients are as-
sociated with polypharmacy. It is a common problem among elderly
patients due to frequently occurring multiple morbidities and is asso-
ciated with the use of potentially inappropriate medications (PIMs).
The aim of this study was to examine the association between PIMs
and all-cause mortality in elderly ADHF patients.

Methods: This retrospective study included ADHF patients who
were admitted to the Showa University Fujigaoka Hospital between
January 2015 and August 2016. We investigated the proportion of pa-
tients taking at least one PIM at admission and the characteristics of
patients at admission. PIMs were defined based on the Screening Tool
of Older People’s potentially inappropriate Prescriptions (STOPP).
Multiple Cox regression analysis was performed to examine the as-
sociation between PIM use and all-cause mortality.

Results: A total of 193 elderly patients (median age 81 years, inter-
quartile range (IQR) 65 - 99 years) were included in the study. All-
cause death occurred in 30 patients. The median number of medica-
tions at admission was 7 (IQR 0 - 18). The number of medications
(greater than or equal to six) at admission was associated with mortal-
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ity. Multivariate Cox regression analysis revealed that systolic blood
pressure (SBP) < 100 mm Hg at admission, chronic obstructive pul-
monary disease (COPD), and use of non-steroidal anti-inflammatory
drugs (NSAIDs) at admission were independent predictors for all-
cause mortality.

Conclusions: The medical staff should attempt to stop unnecessary
medications that are prone to be inappropriate prescribing. In particu-
lar, prescription of NSAIDs should be carefully assessed and moni-
tored.

Keywords: Elderly heart failure; Potentially inappropriate medica-
tions; Prognosis; Non-steroidal anti-inflammatory drugs; STOPP cri-
teria

Introduction

In Japan, the number of patients with heart failure (HF) is pre-
sumed to be more than one million people, and the incidence
of HF in elderly people has been increasing with the aging
society [1]. In particular, it is thought that the “heart failure
pandemic” is predicted to occur and there will be an increase
in HF patients in 2030, which is expected to become a social
problem. In developed countries, HF is the most common
cause of readmissions in hospitals. Similarly, in Japan, repeat-
ed hospital admission due to worsening HF is common and
a serious problem. Kaneko et al reported that the cumulative
rate of readmission was 17.5% at 1 year, 21.4% at 2 years, and
25.5% at 3 years [2].

Recently, polypharmacy has emerged as a common prob-
lem among elderly patients due to the high prevalence of mul-
tiple morbidities [3, 4]. It is associated with the use of poten-
tially inappropriate medications (PIMs) [5, 6]. In addition, it
has been demonstrated that the higher risk of use of any PIMs
at discharge is independently associated with female sex and
the increasing number of medications at admission [7]. Benzo-
diazepines (BZPs), non-BZP hypnotics, and proton pump in-
hibitors (PPIs), in particular, have been reported to be the most
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widely used PIMs at admission and discharge.

HF patients are associated with polypharmacy [8, 9] and
are known to have multiple morbidities [10]. It has been sug-
gested that higher frequency of multiple morbidities in HF pa-
tients may lead to increased polypharmacy with consequential
increases in drug-drug or drug-disease interactions and drug-
related adverse effects [9, 11]. Elderly adults in particular who
have multiple manifestations of cardiovascular diseases (e.g.
hypertension, coronary artery disease, HF, atrial fibrillation/
flutter) are prescribed medications that need to be taken for a
long period due to the chronic nature of their diseases.

To identify PIMs in elderly patients, various tools have
been developed, including the Beers Criteria [12] and the
Screening Tool of Older People’s potentially inappropriate
Prescriptions (STOPP) [13]. In 2015, the Japan Gerontologi-
cal Society published an update to the “Guidelines for medi-
cal treatment and its safety in the elderly” as a screening tool
for PIMs [14]. Although these tools reduce the prescription of
PIMs, there is currently no disease-specific list available to as-
sess PIM use for HF patients. In the St Vincent’s PIMs study,
it has been shown that the Consensus Potentially Inappropriate
Medicines in Heart Failure (PIMHF) list provided the first HF-
specific medicine review tool [15]. The PIMHEF list consisted
of 11 items including non-steroidal anti-inflammatory drugs
(NSAIDs), thiazolidinediones, metformin, cyclo-oxygenase
(COX)-2 inhibitors, and pregabalin.

However, currently, there is no robust evidence to sup-
port the application of medicine review using validated tools
in practice [15] and only few studies have examined the asso-
ciation between PIMHF and clinical outcome. Furthermore, in
Japan, because insurance medical treatment differs from that in
other countries, it is difficult to compare the results in PIMHF.
Therefore, the present study aimed to examine the association
between the clinical factors associated with PIMHF use at ad-
mission and all-cause mortality in acute decompensated heart
failure (ADHF) patients.

Materials and Methods

Participants

This retrospective study included ADHF patients who were
admitted to the Showa University Fujigaoka Hospital between
January 2015 and August 2016. The inclusion criterion was
as participants aged > 65 years with ADHF. Exclusion criteria
were participants aged < 65 years or whose data were missing.
We classified the participants with and without PIMs and ana-
lyzed their demographic characteristics. The primary outcome
was all-cause mortality. In patients whose outcome could not
be confirmed, the follow-up was ended on their last visit in
June 2017.

Ethical approval

The ethics committee of the Showa University Fujigaoka Hos-
pital approved the present study (F2018C13).
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Data collection

Data were retrospectively collected from the participants’ elec-
tronic medical records at admission. This included their age,
sex, systolic blood pressure (SBP), diastolic blood pressure
(DBP), comorbidities, etiology, clinical scenario (CS) class,
left ventricular ejection fraction (LVEF), number of medica-
tions, number of PIMHF, and medication use. Information on
medications at admissions was retrieved from the comprehen-
sive list compiled by pharmacists. Polypharmacy was defined
as the use of > 6 medications at the time of admission.

The PIMs and Consensus PIMHF list were both defined
by STOPP criteria. The 11 items in the Consensus PIMHF list
were as follows: NSAIDs, COX-2 inhibitors, corticosteroids,
decongestants, non-dihydropyridine calcium channel block-
ers, thiazolidinediones, metformin, pregabalin, beta,-agonists,
itraconazole, and medicinal formulations with high sodium
content. In this study, we investigated NSAIDs and COX-2 in-
hibitors. Furthermore, we investigated PIMs (H, antagonists,
PPIs, BZPs, and non-BZP hypnotics) with high frequency of
prescription in elderly patients in Japan. Sulfonylureas (SUs),
which are known to cause severe hypoglycemia in elderly pa-
tients, were also investigated. Laboratory data, including he-
moglobin (Hb), albumin (Alb), blood urea nitrogen (BUN),
and estimated glomerular filtration rate (¢GFR), were also col-
lected from medical records at admission.

Statistical analysis

Categorical and consecutive data regarding patient back-
ground are presented as number (%) and the mean + standard
deviation (SD), respectively. The ? test was used for compari-
sons between groups, and the ¢-test was used for comparison of
consecutive variables. All-cause mortality was estimated using
Kaplan-Meier curves and the log-rank test was used to assess
the significance of differences between the groups. Multiple
Cox regression analysis including variables with P values <
0.05 was performed to determine the predictors of HF patients’
prognosis. Statistical analyses were performed using SPSS
software version 23.0 (IBM, Armonk, NY, USA).

Results

Descriptive

A total of 193 elderly patients (median age 81 years; interquar-
tile range (IQR) 65 - 99 years; 109 (56.5%) were male) were
included in the study; 30 patients aged > 65 years were admit-
ted due to all-cause mortality. The baseline characteristics of
the patients are presented in Table 1. The etiology of these pa-
tients was as follows: ischemic heart disease (n = 67, 34.7%),
hypertensive disease (n =29, 15.0%), and valvular disease (n =
31, 16.1%). The most common comorbidities were as follows:
hypertension (n = 156, 80.8%), atrial fibrillation/flutter (n =
96, 49.7%), and dyslipidemia (n =87, 45.1%). CS 1 and 2 were

www.cardiologyres.org



Sunaga et al

Cardiol Res.2020;1 1 (4):239-246

Table 1. Patient Characteristics (n = 193)

Variables n (%), mean £+ SD
Age (years) 80.7 + 7.5, median: 81 (65 - 99)
65-79 84 (43.5%)
>80 109 (56.5%)
Sex
Male 109 (56.5%)
Female 84 (43.5%)

Clinical laboratory data on admission
Hb (g/dL)
Alb (g/dL)
BUN (mg/dL)
GFR (mL/min/1.73 m?)
Type of comorbidity
Hypertension
Dyslipidemia
Diabetes mellitus
Chronic renal disease on HD
Atrial fibrillation/flutter
Coronary artery disease
COPD
Cancer
Etiology
Ischemic heart disease
Hypertensive disease
Valvular disease
Other
CS class
1
2
Other
LVEF
EF < 40%
EF >40%
Unkown
PIMs
Benzodiazepine
Non-benzodiazepine hypnotics
Sulfonylurea
Thiazolidinediones
Metformin
Steroid
NSAIDs
H, antagonists
PPIs

11.2+£22
34+0.5

31.2+18.1
423 +21.3

156 (80.8%)
87 (45.1%)
82 (42.5%)
7 (3.6%)

96 (49.7%)
64 (33.1%)
15 (7.8%)
32 (16.6%)

67 (34.7%)
29 (15.0%)
31 (16.1%)
66 (34.2%)

83 (43.0%)
93 (48.2%)
17 (8.8%)

81 (42.0%)
95 (49.2%)
17 (8.8%)

26 (13.5%)
16 (8.3%)
18 (9.3%)
3 (1.6%)

7 (3.6%)

7 (3.6%)
14 (7.3%)
19 (9.8%)
87 (45.1%)
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Table 1. Patient Characteristics (n = 193) - (continued)

Variables

n (%), mean + SD

Non-dihydropyridine calcium channel blockers
Pregabalin

Decongestants

Medicinal formulations with high sodium content
Beta,-agonists

Itraconazole

10 (5.2%)
2 (1.4%)
0

0
0
0

SD: standard deviation; Hb: hemoglobin; Alb: albumin; BUN: blood urea nitrogen; GFR: glomerular filtration rate; HD: hemodialysis; COPD: chronic
obstructive pulmonary disease; CS: clinical scenario; LVEF: left ventricular ejection fraction; PIM: potentially inappropriate medication; NSAIDs: non-

steroidal anti-inflammatory drugs; PPIs: proton pump inhibitors.

83 (43.0%) and 93 (48.2%), respectively.

Number of medications and common PIMs at admission

Table 1 shows the number of medications prescribed at admis-
sion. Data show that 66.3% of the patients were receiving > 6
medications at admission with an average of 7.1 + 4.0 medica-
tions per patient; 73.6% of the patients receiving at least one
PIM at admission had an average of 1.1 + 0.9 medications per
patient. The most common PIMs used at admission were PPIs,
BZPs, and H, antagonists. These three categories comprised
more than 60% of the total PIMs at admission.

Relationship between various clinical factors including
PIMs and all-cause mortality

In the univariate analyses, Alb (< 3.5 g/dL), hypertension,
chronic obstructive pulmonary disease (COPD), SBP (< 100
mm Hg), number of medication (> 6), and NSAIDs were sig-
nificantly associated with mortality (Table 2). Patients who did
not take NSAIDs at admission showed a significantly lower
all-cause mortality than those taking NSAIDs (2-year mortal-
ity 18.1% vs. 39.1%, P = 0.002, Fig. 1). Patients who were
taking < 6 medicines at admission showed a significantly
lower all-cause mortality than those taking > 6 medicines (2-
year mortality 10.0% vs. 25.0%, P = 0.045, Fig. 2). However,
there was no significant association between PIMs other than
NSAIDs and mortality in ADHF patients.

COPD, SBP < 100 mm Hg, and NSAIDs remained signifi-
cant in multivariate analysis (Table 3). The hazard ratios (HRs)
for the presence to absence of the following variables were as
follows: COPD, 3.855 (95% confidence interval (CI), 1.417
- 10.489; P = 0.008); “SBP < 100 mm Hg” to “SBP 100 mm
Hg”, 5.341 (95% CI, 2.204 - 12.942; P < 0.001); and NSAIDs,
4.646 (95% CI, 1.725 - 12.510; P =0.002).

Patient characteristics comparing non-NSAID and NSAID
groups

Patients taking NSAIDs prior to admission were prescribed a
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significantly larger number of medications at admission than
those not taking NSAIDs (Table 4). Although patients taking
NSAIDs did not have significantly increased SBP and DBP

Table 2. Univariate Analyses of Relationship Between Various
Clinical Factors and Mortality (30 Events, n = 193)

Variables 2-year (%) P value?
Age > 80 years 20.6 0.378
Male sex 19.2 0.711
Hypertension 15.3 <0.001
Diabetes mellitus 18.5 0.660
Dyslipidemia 18.8 0.229
Chronic renal disease on HD 35.7 0.156
Atrial fibrillation/flutter 20.2 0.672
Coronary artery disease 28.1 0.420
COPD 43.4 0.028
Cancer 27.1 0.173
SBP < 100 mm Hg 59.2 <0.001
Number of medication > 6 at admission ~ 25.0 0.045
Common PIMs
Benzodiazepines 13.6 0.970
Other than benzodiazepines 15.4 0.867
Sulfonylurea 134 0.482
Thiazolidinediones 0.0 0.415
Metformin 16.7 0.806
Steroid 57.1 0.197
NSAIDs 39.1 0.002
H, antagonists 33.9 0.252
PPIs 28.8 0.080
Hb <12 g/dL 22.7 0.900
Alb < 3.5 g/dL 26.6 0.011
eGFR < 45 mL/min/1.73 m? 21.5 0.323

aLog-rank test. HD: hemodialysis; COPD: chronic obstructive pulmo-
nary disease; SBP: systolic blood pressure; PIM: potentially inappropri-
ate medication; NSAIDs: non-steroidal anti-inflammatory drugs; PPls:
proton pump inhibitors; Hb: hemoglobin; Alb: albumin; eGFR: estimat-
ed glomerular filtration rate.
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Figure 1. Kaplan-Meier mortality curves according to non-steroidal
anti-inflammatory drug use at admission.

levels at admission compared to patients without NSAIDs
therapy, patients taking NSAIDs tended to have a higher SBP
and DBP. Elderly patients taking NSAIDs also tended to have
lower serum Alb levels.

Discussion

The present study shows that NSAIDs, SBP < 100 mm Hg, and
COPD were independent prognostic factors to HF patients at
admission. Patients who were prescribed NSAIDs, one of the
PIMs, at the time of hospitalization showed 4.6 times poorer
prognosis than those who were not prescribed. To the best of
our knowledge, this is the first evidence demonstrating a rela-
tionship between PIMs and prognostic factor in HF patients.
Recently, several studies related to PIMs have reported
that polypharmacy caused by aging has been regarded as a ma-
jor problem [7-9, 11, 15]. In a study at a cardiology service
center in USA, female sex, atrial fibrillation, cerebrovascular
events, depression, history of fractures, and number of drugs
were reported as factors related to PIMs, and that the propor-
tion of PIM use is high in elderly patients with cardiovascular
disease [8]. In Japan, there is a growing demand to increase
and request the establishment of a basic law for the treatment
of stroke and cardiovascular diseases for patients with HF. In
this study, patients prescribed > 6 drugs had poor prognosis
and NSAIDs, one of the PIMs, were associated with poor
prognosis in HF patients. Feng et al reported that individuals
with multimorbidity were more likely to have polypharmacy
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Figure 2. Kaplan-Meier mortality curves according to polypharmacy at
admission.

than those without multimorbidity [16]. They also mentioned
that patients with certain chronic conditions or combinations,
such as a chronic kidney condition or HF accompanied with
musculoskeletal conditions, may be at higher risk for polyp-
harmacy. In our study, although we did not consider the num-
ber of comorbidities, patients prescribed > 6 drugs resulted to
have poor prognosis. Therefore, multimorbidity itself may also
be a metric of greater disease severity in those patients.

The therapeutic action of NSAIDs is mostly mediated by
the inhibition of COX-2 [17]. The overall effects of this inhibi-
tion of the isoenzymes of prostaglandin G/H synthase mediate
the increase in peripheral systemic resistance and reduction in
renal perfusion, glomerular filtration rate, and sodium excre-
tion in susceptible individuals [18, 19]. These mechanisms
could trigger the clinical manifestations of HF [20]. Because
the level of prostaglandin inhibition mediated by NSAIDs in-
creases with dose [21, 22], the risk of clinical HF could be
expected to increase. In this study, we observed that patients
on NSAIDs had a tendency to have higher values for SBP and
DBP. As NSAIDs promote sodium and water retention, they
eventually lead to hypertension, thus contributing to increased
mortality. We found that patients with NSAIDs therapy were
prescribed a significantly greater number of medications at ad-
mission than those without NSAIDs therapy. Elderly patients,
taking NSAIDs, also tended to have lower serum Alb levels.
On the other side, frailty, undernutrition, and infection may
lead to HF. Therefore, patients taking NSAIDs might have
multimorbidity, undernutrition, and frailty, related to spinal
canal stenosis, knee joint disease, and post fracture status.

Arfe et al found an increased risk of hospital admission
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Table 3. Multivariate Analyses of the Relationship Between Various Clinical Factors and Mortality

Prognosis factors i} HR (95% CI) P value®
NSAIDs, absent vs. present 1.536 4.646 (1.725 - 12.510) 0.002
SBP, <100 mm Hg vs. > 100 mm Hg 1.675 5.341 (2.204 - 12.942) <0.001
COPD, absent vs. present 1.349 3.855(1.417 - 10.489) 0.008

2Cox regression for mortality. NSAIDs: non-steroidal anti-inflammatory drugs; SBP: systolic blood pressure; COPD: chronic obstructive pulmonary

disease; HR: hazard ratio; Cl: confidence interval.

for HF in association with use of several traditional NSAIDs
and two COX-2 inhibitors [23]. Although this study could
not investigate the type of NSAIDs, it showed that NSAIDs
as a group are associated with poor prognosis in HF patients.
Therefore, when NSAIDs are prescribed in patients hospital-
ized for HF, it is crucial for doctors and pharmacists to fully
evaluate the necessity of NSAIDs and to investigate whether
their use is clearly needed.

On the contrary, diabetes mellitus (DM) medications such
as thiazolidinediones, metformin, and sulphonylurea deriva-
tives were not associated with all-cause mortality in HF pa-
tients. Thiazolidinediones are known to adversely cause so-
dium and water retention which could lead to an increased risk
of worsening HF and hospitalization. Hence, their use is not
recommended in patients with HF [24, 25]. Metformin is con-
traindicated in patients with severe renal or hepatic impairment,
because of the risk of lactic acidosis. In our study, among the
patients taking metformin, three patients were found to have
€GFR less than 45 mL/min/1.73 m2. Sulphonylurea derivatives
have also been associated with an increased risk of worsening
HF and should be used with caution. A consensus report by
the American Diabetes Association (ADA) and the European
Association for the Study of Diabetes (EASD) [26] advises
that for patients with atherosclerotic cardiovascular disease,
the first line metformin should be followed by sodium-glucose
cotransporter 2 (SGLT2) inhibitors and glucagon-like peptide
1 (GLP-1) receptor agonists. Because a cardiologist was highly
aware of a PIM, there were several cases where it was changed
to SGLT2 inhibitor or GLP-1 receptor agonist at hospitaliza-
tion. This suggests that there was no relationship between the
DM medicine being investigated and the prognosis of HF.

Lee et al reported that BZPs have been shown to increase
the risk of falls in HF patients [27]. Even in the guidelines in
Japan [14], BZP-based hypnotic agents in the elderly are recom-
mended to be used only for a short period with minimal use as it
worsens adverse events such as delirium, falls, and fractures. In
the present study, 12.8% of HF patients prescribed BZP-based
hypnotic agents were not associated with all-cause mortality.
Since this study did not consider the onset of action, such de-
tailed examination would be necessary for future studies.

Yoshihisa et al reported that PPIs may be associated with
improving outcomes in HF patients [28]. In addition, sever-
al studies have investigated the association between PPI use
and fracture, bone loss, inhibition of gastric acid secretion,
and clostridium decile infection [29]. From 2012 to 2015,
the American Geriatrics Society has updated the Beers Cri-
teria to include PPI in the list of PIMs [12]. A high propor-
tion of patients with a history of ischemic heart disease are
typically prescribed antiplatelet drugs. A similar observation
has been reported in patients with atrial fibrillation who are
taking anticoagulant drugs. It was observed that the prescrip-
tion rate of H, antagonists and PPIs was high in these patients
[7]. The same observation was also found in the present study.
This highlights the key role of clinical pharmacists to evaluate
whether drug treatment with PPI is necessary.

Two factors, mainly COPD and SBP < 100 mm Hg, were
also prognostic factors for HF in this study. The Acute De-
compensated Heart Failure Syndromes (ATTEND) registry of
acute HF epidemiologic research shows that HF patients with
lower SBP at admission in the elderly have poorer prognosis
[30]. In this study, HF patient with SBP < 100 mm Hg at hos-
pitalization had poor prognosis and similar results. In some

Table 4. Patient Characteristics Comparing Non-NSAID and NSAID Groups

n (%), mean + SD, non-NSAIDs (n = 179) n (%), mean + SD, NSAIDs (n=14) P value
Age (years) 80.5+7.5 83.8+7.1 0.112
Sex (male) 103 (57.5%) 6 (42.9%) 0.286
Number of medications at admission 6.9 + 4.0 9.6 +4.1 0.013
SBP (mm Hg) at admission 138.4+31.8 139.7+39.1 0.881
DBP (mm Hg) at admission 76.8 £22.0 81.2+23.7 0.497
eGFR (mL/min/1.73 m?) 422+21.6 43.6+17.3 0.800
Alb (g/dL) 35+0.5 33+£04 0.207
PPIs, present 79 (44.1%) 8 (57.1%) 0.346
All-cause mortality 25 (14.0%) 5(35.7%) 0.031

NSAIDs: non-steroidal anti-inflammatory drugs; SD: standard deviation; SBP: systolic blood pressure; DBP: diastolic blood pressure; eGFR: esti-

mated glomerular filtration rate; Alb: albumin; PPIs: proton pump inhibitors.
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studies, COPD has been frequently observed as a comorbidity
in HF patients, and it is associated with the all-cause mortal-
ity [31-33]. Similar results were observed in this study. This
suggests that HF patients with SBP < 100 mm Hg at hospi-
talization and COPD are considered to have poor prognosis.
Therefore, it is necessary to determine the treatment policy and
examine the patient environment after discharge.

Limitation

The present study has some limitations. First, our study was
conducted at a single institution, and thus, the sample size was
relatively small. Second, we could not exclude the possibility
of residual confounders as the result of missing data, such as
the use of over-the-counter H, antagonists and meals high in
sodium content. Third, the average follow-up period was ap-
proximately 12 months in our study, which may be insufficient
to fully evaluate the long-term prognosis of all-cause mortal-
ity. Fourth, patients may have been readmitted, which would
have led to an underestimation of adherence. In addition, we
have not assessed the living environment and dietary condi-
tion of patients which may have led to worsening of HF. Fifth,
we could not keep track of whether there were medications
prescribed from other medical institutions. We did not investi-
gate the medicines prescribed at discharge, but other than one
patient who continued to take NSAIDs after discharge or died
during hospitalization.

Conclusions

We demonstrated that NSAIDs were independently associ-
ated with all-cause mortality in ADHF patients at admission.
The medical staff should attempt to stop unnecessary medica-
tions that are prone to inappropriate prescribing. In particular,
NSAIDs should be carefully assessed and monitored.
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