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BACKGROUND: The prognostic impact of benzodiazepines has been unclear in patients with heart failure (HF).

METHODS AND RESULTS: This was a historical observational cohort study. A total of 826 patients who had been hospitalized for
HF and were being treated for insomnia with either benzodiazepines or Z-drugs (zolpidem, zopiclone, or eszopiclone), were
enrolled and divided on the basis of their hypnotics: benzodiazepine group (n=488 [59.1%]) and Z group (n=338 [40.9%)).
We compared the patient characteristics and postdischarge prognosis between the groups. The primary end points were
rehospitalization for HF and cardiac death. The benzodiazepine group was older (age, 72.0 versus 69.0 years; P=0.010), had
a higher prevalence of depression (17.4% versus 8.9%; P<0.001), and showed a higher use of loop diuretics (77.9% versus
67.8%; P=0.001). In the laboratory data, the benzodiazepine group demonstrated lower levels of hemoglobin (12.3 versus
13.0 g/dL; P=0.001), sodium (139.0 versus 140.0 mEg/L; P=0.018), and albumin (3.7 versus 3.9 g/dL; P=0.003). Kaplan-Meier
analysis showed that both end points were higher in the benzodiazepine group (rehospitalization for HF, log-rank P=0.001;
cardiac death, log-rank P=0.043). Multiple Cox proportional hazard analysis revealed that the use of benzodiazepines was an
independent predictor of rehospitalization for HF (hazard ratio, 1.530; 95% CI, 1.025-2.284; P=0.038). Furthermore, rehospi-
talization for HF was higher in the benzodiazepine group after propensity score matching (log-rank P=0.036).

CONCLUSIONS: Benzodiazepine is associated with higher risk of rehospitalization for HF compared with Z-drugs in patients with HF.
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acterized by poor sleep quality, short sleeping dura-
tion, difficulty in falling asleep, difficultly maintaining
sleep, or early-morning waking."** Approximately 6%
to 10% of the general population fall under the criteria
for insomnia."®~" Insomnia not only deteriorates quality
of life, but also increases risks for comorbidities, such
as depression,®? heart failure (HF),'° and mortality.''?
Benzodiazepine, one of the most commonly pre-
scribed types of hypnotics for patients with insomnia,
targets benzodiazepine sites of y-aminobutyric acid

Insomnia is one of the major health problems, char-

(GABA) type A (GABA,) receptors.’®™ In addition, ben-
zodiazepines allosterically increase the GABA, recep-
tors’ affinity for GABA, an inhibitory neurotransmitter,
and express inhibitory effects in the central nervous
system: hypnosis, anxiolysis, seizure suppression,
muscle relaxation, and amnesia.”®'* However, benzo-
diazepines have risks for tolerance, dependence, and
cognitive impairment, as well as falls and fractures.'®®
According to the current guidelines and other reports,
nonbenzodiazepines, called Z-drugs (drugs with names
starting with “Z”; zolpidem, zopiclone, and eszopiclone),
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CLINICAL PERSPECTIVE
What Is New?

Among patients with heart failure (HF) with co-
existing insomnia, those receiving benzodiaz-
epines were at higher risk of rehospitalization
for HF than those receiving Z-drugs (zolpidem,
zopiclone, and/or eszopiclone).

e Benzodiazepines were associated with a 1.5-
fold increase in the risk of rehospitalization for
HF compared with Z-drugs, and rehospitaliza-
tion for HF was higher even after propensity
score matching.

What Are the Clinical Implications?

e Treatment ofinsomniain patients with HF should
be optimized because selection of hypnotics is
associated with prognosis.

e Treatment of HF also should be optimized
to improve sleep and avoid excessive use of
hypnotics.

Nonstandard Abbreviations and Acronyms

ACEI angiotensin-converting enzyme inhibitor
ARB angiotensin receptor blocker

BNP B-type natriuretic peptide

CAD coronary artery disease

CBT-I cognitive behavioral therapy forinsomnia
CNS central nervous system

CVA cerebrovascular accident

GABA  y-aminobutyric acid

GABA, y-aminobutyric acid type A

HF heart failure

HPA hypothalamic pituitary adrenal

HR hazard ratio

LVEF left ventricular ejection fraction

NHYA New York Heart Association

RAAS renin-angiotensin-aldosterone system
SAS sleep apnea syndrome

SNRI serotonin noradrenalin reuptake inhibitor
SNS sympathetic nervous system

SSRI selective serotonin reuptake inhibitor
VTA ventral tegmental area

which target benzodiazepine sites of GABA, receptors
with higher selectivity compared with benzodiazepines,
can be used as alternatives to benzodiazepines.>'6-'®
Z-drugs are relatively safer than benzodiazepines be-
cause they have a low abuse potential, and patients do
not develop a tolerance to them as rapidly.'®®
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In patients with HF, the prevalence of insomnia is
reported to be high, ranging from 23% to 73%,°%°
and is associated with adverse prognosis.?' However,
it remains unclear whether the type of hypnotics used
affects the prognosis of patients with HF or not. Thus,
the aim of the present study was to clarify the associ-
ations of benzodiazepines and Z-drugs with prognosis
in HF patients with insomnia.

METHODS

The data that support the findings of this study are
available from the corresponding author on reason-
able request.

Subjects and Study Protocol

This was a historical observational cohort study of
2213 patients who had been hospitalized in Fukushima
Medical University Hospital for decompensated HF
between January 2010 and December 2017. The di-
agnosis of HF was made by each patient’s attend-
ing cardiologist using the Framingham criteria and/
or current guidelines.???* The definition of insomnia
was in accordance with that described previously.?!
In brief, insomnia was diagnosed on the basis of di-
rect interviews using a questionnaire by the attending
physicians and medical staff for patients or caregiv-
ers. The topics discussed were as follows: (1) usual
use of hypnotics (“Do you take hypnotics >3 times
per week?” with the response options of yes/no) or
(2) presence of either insomnia symptoms, grades 3
or 4, accompanied by impairment of daytime func-
tion.*'® The second topic was assessed using the fol-
lowing items: difficulty initiating sleep (“Do you have
difficulties falling asleep?” with the response options
1, never; 2, occasionally; 3, often; or 4, almost every
night); difficulty maintaining sleep and/or early morn-
ing awakenings (“Do you wake up in the early hours,
unable to get back to sleep?” with the response op-
tions 1, never; 2, occasionally; 3, often; or 4, almost
every night); and nonrestorative sleep (“How often do
you suffer from poor sleep?” with the response op-
tions 1, never or a few times a year; 2, 1 to 2 times per
month; 3, about once a week; or 4, more than once
a week).?" This questionnaire was based on a modi-
fied International Classification of Sleep Disorders,
second edition criteria,*'° supported by the American
Academy of Sleep Medicine and the Japanese
Society of Sleep Research, which are used widely in
Japanese clinical practice. Insomnia was defined as
(1) the use of hypnotics >3 times per week and/or (2)
the presence of either insomnia symptoms, grade 3 or
4, accompanied by impairment of daytime function,
as described above. On admission, pharmacists at
our hospital who were blind to this study checked the
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A total of 2,213 patients who were hospitalized in Fukushima Medical University Hospital
for acute decompensated heart failure between January 2010 and December 2017

v

Exclusion criteria 1 (n=757):
Patients without insomnia in normal daily life
and/or at discharge

A total of 1,456 patients with both heart failure and insomnia

Exclusion criteria 2 (n = 630):

(1) Patients who were not taking either benzodiazepines
(BZs) or Z-drugs as hypnotics

(2) Patients who were prescribed both BZs and Z-drugs
as hypnotics

(3) Patients who were receiving maintenance dialysis

Pre-matched cohort v

}

(n = 826) |

7 group (n = 338, 40.9%) | |

BZ group (n=488,59.1%) |

Post-matched cohort v

‘ Propensity score matching ‘

A,

(n = 206) |

Z group (n=103)

I

BZ group (n=103) ‘

Figure 1. Patient flow chart.

BZ indicates benzodiazepine; and Z, zolpidem, zopiclone, or eszopiclone.

type of hypnotics, if said hypnotics were prescribed
to patients by their family physicians. Each attending
physician then kept prescribing the same hypnotics
during hospitalization and at discharge.

A patient flow chart is shown in Figure 1. First, patients
without insomnia in their normal daily life (n=757) were
excluded. Other patients who were excluded (n=630)
were as follows: (1) patients who were not taking either
benzodiazepines or Z-drugs as hypnotics; (2) patients
who were prescribed both benzodiazepines and Z-
drugs as hypnotics; and (3) patients who were receiving
maintenance dialysis. Finally, a total of 826 patients were
included in this study. We divided these patients on the
basis of the type of hypnotics at discharge: patients with
benzodiazepines (the benzodiazepine group, n=488
[59.1%]) and those with Z-drugs (the Z group, n=338
[40.9%)]). We compared the patients’ characteristics and
postdischarge prognosis. The patients’ characteristics
included demographic data and medication at the time
of discharge. Blood samples and echocardiographic
data were obtained within 1 week before discharge.
This study had 2 primary end points: (1) rehospitaliza-
tion for HF on the basis of the Framingham criteria and/
or current guidelines?®4, and (2) cardiac death. Cardiac
death was defined as death caused by worsening HF,
ventricular fibrillation documented by ECG or implant-
able devices, or acute coronary syndrome. Status and
dates of end points were obtained from the patients’
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medical records. If these data were unavailable, the pa-
tient’s status was ascertained by a telephone call to his/
her referring hospital physician. These follow-ups were
performed annually.

Comorbidities were defined in accordance with
those described previously.?' Hypertension was de-
fined as the recent use of antihypertensive drugs, a
systolic blood pressure of >140 mm Hg, and/or a dia-
stolic blood pressure of 290 mm Hg. Diabetes mellitus
was defined as the recent use of antidiabetic drugs,
a fasting glucose value of >126 mg/dL, a casual glu-
cose value of >200 mg/dL, and/or hemoglobin Alc
(National Glycohemoglobin Standardization Program)
of >6.5%. Dyslipidemia was defined as the recent use
of cholesterol-lowering drugs, a triglyceride value of
>150 mg/dL, a low-density lipoprotein cholesterol
value of >140 mg/dL, and/or a high-density lipopro-
tein cholesterol value of <40 mg/dL. Atrial fibrillation
was identified by an ECG performed during hospital-
ization and/or from medical records. Chronic kidney
disease was defined as an estimated glomerular filtra-
tion rate of <60 mL/min per 1.73 cm? using the mod-
ified Modification of Diet in Renal Disease equation.?®
Depression was diagnosed on the basis of medical
history and/or a Center for Epidemiological Studies-
Depression score of >16.%° Sleep apnea syndrome
was defined as an apnea-hypopnea index of >5, and
included both central and obstructive sleep apnea.?’
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Written informed consent was obtained from all pa-
tients. The study protocol was approved by the eth-
ical committee of Fukushima Medical University, the
investigation conforms with the principles outlined in
the Declaration of Helsinki, and reporting of the study
conforms to STROBE (Strengthening the Reporting
of Observational studies in Epidemiology) along with
references to STROBE and the broader EQUATOR
(Enhancing the Quality and Transparency Of health
Research) guidelines.?®

Statistical Analysis

Normality was confirmed using the Shapiro-Wilk test
in each group. Normally distributed variables are pre-
sented as mean+SD, nonnormally distributed variables
are presented as median (25th percentile, 75th percen-
tile), and categorical variables are expressed as counts
and percentages. Normally distributed variables were
compared using the Student t test, nonnormally distrib-
uted variables were compared using the Mann-Whitney
U test, and the x? test was used for comparisons of cat-
egorical variables in the prematched cohort. Kaplan-
Meier analysis was used to assess the 2 primary end
points, and a log-rank test was used for initial compari-
sons. Cox proportional hazard analyses were used to
evaluate benzodiazepines as predictors of the 2 end
points. Univariable Cox proportional hazard analysis
was followed by a multivariable analysis adjusted for
factors that differed significantly between the 2 groups.
To prepare for the heterogeneity of HF, interaction P
values between hypnotic type and age (below versus
above the median) or left ventricular ejection fraction
(LVEF) category (LVEF of <560% versus >50%) were ob-
tained by entering the type of hypnotics, age, or LVEF
category, and each interaction.

As shown in Figure 1, to eliminate imbalances in
the measurement of baseline characteristics be-
cause of selection bias associated with the use of
Z-drugs or benzodiazepines, we used 2 approaches:
multiple Cox regression analysis in the prematched
cohort (n=826) and propensity score matching anal-
ysis (postmatched cohort, n=206).2° Among the pa-
tients who had been prescribed hypnotics (Z-drugs,
n=338; benzodiazepines, n=488), the propensity
score for treatment with benzodiazepines was esti-
mated for each patient by logistic regression analy-
sis, with the clinically relevant variables associated
with the introduction of benzodiazepines. A propen-
sity score model was estimated using the logistic re-
gression model, which was adjusted for the patients’
characteristics, as listed in Table 1 (age, sex, body
mass index, systolic blood pressure, New York Heart
Association functional class Il or IV, prior HF admis-
sion, hypertension, diabetes mellitus, dyslipidemia,
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Table 1. Patient Characteristics: Prematched Cohort
(n=826)
Z Group Benzodiazepine
Characteristic (n=338) Group (n=488) P Value
Demographic data
Age, y 69.0 (60.0, 77.0) 72.0 (62.0, 79.0) 0.010
Male sex, n (%) 221 (65.4) 273 (55.9) 0.007
Body mass 23.0 (20.7, 26.0) 22.6 (20.2, 24.9) 0.009
index, kg/m?
Systolic blood 122.0 (108.0, 121.0 (104.0, 145.5) | 0.656
pressure, 142.0)
mm Hg
NYHA functional 16 (4.7) 23 (4.7) 0.989
class il or IV, n (%)
Medical history, n (%)
Prior HF 115 (35.0) 164 (34.7) 0.934
admission
Hypertension 238 (70.4) 348 (71.3) 0.780
Diabetes mellitus 140 (41.4) 208 (42.6) 0.731
Dyslipidemia 247 (73.1) 357 (73.2) 0.980
Atrial fibrillation 143 (42.3) 207 (42.4) 0.975
CAD 102 (30.2) 179 (36.7) 0.052
CVA 58 (17.2) 83 (17.0) 0.955
Chronic kidney 183 (54.1) 289 (59.2) 0.147
disease
Depression 30(8.9) 85 (17.4) <0.001
Sleep apnea 181 (89.2) 196 (76.6) <0.001
syndrome
Medications, n (%)
B Blockers 249 (73.7) 386 (79.1) 0.069
ACEIs/ARBs 250 (74.0) 367 (75.2) 0.687
Loop diuretics 229 (67.8) 380 (77.9) 0.001
SSRIs/SNRIs 8(2.4) 15 (3.1) 0.544
Laboratory data
BNP, pg/mL 217.3 (83.4, 282.8 (104.3, 627.1) | 0.094
528.7)
Creatinine, 0.92 (0.77,1.15) 0.938(0.72, 1.25) 0.829
mg/dL
Blood urea 18.0 (156.0, 23.0) 19.0 (14.0, 26.0) 0.314
nitrogen, mg/dL
Hemoglobin, 13.0 (11.5, 14.3) 12.3 (10.6, 13.9) 0.001
g/dL
Sodium, mEg/L 140.0 (137.0, 139.0 (137.0, 141.0) | 0.018
142.0)
Albumin, g/dL 3.9(3.5,4.2 3.7 (3.3, 4.1) 0.003
Echocardiographic data
LVEF, % 51.2 (37.3, 63.0) 53.5 (40.0, 63.0) 0.325
LVEF of <50%, 133 (47.7) 157 (42.3) 0174
n (%)

Data are given as median (25th percentile, 75th percentile), unless
otherwise indicated. ACEl indicates angiotensin-converting enzyme inhibitor;
ARB, angiotensin receptor blocker; BNP, B-type natriuretic peptide; CAD,
coronary artery disease; CVA, cerebrovascular accident; HF, heart failure;
LVEF, left ventricular ejection fraction; NYHA, New York Heart Association;
SNRI, serotonin noradrenalin reuptake inhibitor; SSRI, selective serotonin
reuptake inhibitor; and Z, zolpidem, zopiclone, or eszopiclone.
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atrial fibrillation, coronary artery disease, cerebrovas-
cular accident, chronic kidney disease, sleep apnea
syndrome, [3 blockers, angiotensin-converting en-
zyme inhibitors and/or angiotensin receptor blockers,
loop diuretics, B-type natriuretic peptide, creatinine,
blood urea nitrogen, hemoglobin, sodium, albumin,
and LVEF), as these variables were considered to
be important in prognostic prediction in other stud-
ies.?1232427 Presence of depression and the use of
selective serotonin reuptake inhibitors and/or sero-
tonin noradrenalin reuptake inhibitors were excluded
from the logistic regression model because these co-
variates were considered to be more strongly asso-
ciated with exposure than with the end points.'"-29.30
Propensity score matching was then performed,
using the nearest neighbor matching without replace-
ment. A caliper width of 0.2 of the SD of the logit of
the propensity score was used for the developed
propensity score.®"3 In the postmatched cohort,
normally distributed variables were compared using
the paired t test, and nonnormally distributed vari-
ables were compared using the Wilcoxon signed rank
test. Differences in the 1-, 2-, and 3-year primary out-
comes were evaluated by the McNemar test. P<0.05
was considered statistically significant. All analyses
were performed using a statistical software package
(SPSS version 25; IBM, Armonk, NY).

RESULTS

The comparisons of patient characteristics between
the Z and benzodiazepine groups of the prematched

Impact of Benzodiazepine on Heart Failure

Table 2. Cox Proportional Hazard Analysis for
Rehospitalization for HF and Cardiac Death

Variable HR ‘ 95% ClI P Value
Rehospitalization for HF (event n=244/826)
Benzodiazepines (vs 1.655 1.184-2.042 0.001
Z-drugs)
Benzodiazepines (vs 1.516 1.152-1.994 0.003
Z-drugs)’
Benzodiazepines (vs 1.530 1.025-2.284 0.038
Z-drugs)t
Cardiac death (event n=140/826)
Benzodiazepines (vs 1.448 1.010-2.075 0.044
Z-drugs)
Benzodiazepines (vs 1.357 0.944-1.951 0.099
Z-drugs)’

HF indicates heart failure; HR, hazard ratio; and Z, zolpidem, zopiclone,
or eszopiclone.

*Adjusted for age and sex.

TAdjusted for age, sex, body mass index, depression, sleep apnea
syndrome, loop diuretics, hemoglobin, sodium, and albumin.

cohort (n=826) are summarized in Table 1. The
benzodiazepine group was older (age, 72.0 versus
69.0 years; P=0.010), had a lower prevalence of male
sex (55.9% versus 65.4%; P=0.007), and had a lower
body mass index (22.6 versus 23.0 kg/m?; P=0.009).
With respect to medical history, the prevalence of
depression was higher (17.4% versus 8.9%; P<0.001)
and that of sleep apnea syndrome was lower (76.6%
versus 89.2%; P<0.001) in the benzodiazepine group.
In contrast, other comorbidities, such as prior HF ad-
mission, atrial fibrillation, coronary artery disease,
and cerebrovascular accident, were comparable

Rehospitalization for heart failure Cardiac death
80 80
Log-Rank P =0.001 Log-Rank P = 0.043
60 60
Z group
(%) 40 7 group (%) 40
Z group
20 20 Z group
0 0
0 1000 2000 3000 4000 0 1000 2000 3000 4000
(Days) (Days)
Number at risk
BZ group 488 242 102 17 488 308 146 28
Z group 338 170 51 5 338 200 71 8
Figure 2. Kaplan-Meier analysis: prematched cohort (n=826).
BZ indicates benzodiazepine; and Z, zolpidem, zopiclone, or eszopiclone.
J Am Heart Assoc. 2020;9:e013982. DOI: 10.1161/JAHA.119.013982 5
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between the 2 groups. Both groups received similar
medication for HF, except for a higher use of loop
diuretics in the benzodiazepine group (77.9% ver-
sus 67.8%; P=0.001). In the laboratory data, levels
of hemoglobin, sodium, and albumin were lower in
the benzodiazepine group (hemoglobin, 12.3 ver-
sus 13.0 g/dL, P=0.001; sodium, 139.0 versus
140.0 mEg/L, P=0.018; albumin, 3.7 versus 3.9 g/
dL, P=0.003). In contrast, there were no significant
differences in levels of B-type natriuretic peptide,
creatinine, or blood urea nitrogen. According to the
echocardiography, LVEF was similar between the 2
groups.

During the postdischarge follow-up period of a
median of 1254 days, there were 244 cases of re-
hospitalization for HF, and 140 cardiac deaths. In the
Kaplan-Meier analysis (Figure 2), both end points were
higher in the benzodiazepine group than in the Z group
(rehospitalization for HF, log-rank P=0.001; cardiac
death, log-rank P=0.043). The results of the Cox pro-
portional hazard analysis are described in Table 2. In
the univariable Cox proportional hazard analysis, the
use of benzodiazepines was associated with both
rehospitalization for HF (hazard ratio, 1.555; 95% Cl,
1.184-2.042; P=0.001) and cardiac death (hazard ratio,
1.448; 95% Cl, 1.010-2.075; P=0.044). In the multivari-
able Cox proportional hazard analysis, use of benzodi-
azepines was associated with rehospitalization for HF
(hazard ratio, 1.530; 95% ClI, 1.025-2.284; P=0.038),
but not with cardiac death. There were no interactions
between hypnotic type and either age (age of <71 ver-
sus >71 vyears; rehospitalization for HF, interaction
P=0.468; cardiac death, interaction P=0.301) or LVEF
category (LVEF of <560% versus >50%; rehospitaliza-
tion for HF, interaction P=0.320; cardiac death, inter-
action P=0.139).

In addition, we performed propensity score match-
ing. The SD of the logit of the propensity score was
0.28, and the caliper width was set at 0.06. In the
postmatched cohort (n=206), the demographic, lab-
oratory, and echocardiographic data were equivalent
between the 2 groups (Table 3). For matched pairs,
1- and 2-year rehospitalization for HF tended to be
higher, and 3-year rehospitalization was significantly
higher in the benzodiazepine group. Differences in
the primary outcomes during the total follow-up pe-
riod are shown in Figure 3. Rehospitalization for HF
rate was higher in the benzodiazepine group than
in the Z group (log-rank P=0.036), and the rate of
cardiac death did not significantly differ between the
groups.

DISCUSSION

To the best of our knowledge, the present study was
the first to show that the use of benzodiazepine was
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Table 3. Patient Characteristics: Postmatched Cohort
(n=206)

Z Group Benzodiazepine P
Characteristic (n=103) Group (n=103) Value
Demographic data
Age, y 67.0 68.0 0.951
(60.0, 75.0) (60.0, 75.0)
Body mass index, 23.2 23.0 0.341
kg/m? (20.4, 26.0) (211, 24.8)
Systolic blood 118.0 12.0 0.326
pressure, mm Hg (102.5, 134.0) (103.0, 134.0)
Laboratory data
BNP, pg/mL 24341 247.7 0.944
(95.1, 565.9) (112.3, 562.6)
Creatinine, mg/dL 0.89 0.93 0.645
(0.75, 1.04) (0.71,1.14)
Blood urea nitrogen, 18.0 19.0 0.776
mg/dL (14.0, 22.0) (14.0, 24.5)
Hemoglobin, g/dL 12.8+1.9 12.8+2.2 0.950
Sodium, mEg/L 140.0 139.0 0.555
(137.5, 142.0) (137.0, 141.0)
Albumin, g/dL 3.9(3.5,4.2) 3.8 (3.5, 4.2) 0.729
Echocardiographic data
LVEF, % 461 51.8 0.853
(31.9, 63.1) (36.7, 60.8)
Rehospitalization for HF, n (%)
1y 10(9.7) 19 (18.4) 0.078
2y 16 (15.5) 27 (26.2) 0.082
3y 20 (19.4) 36 (35.0) 0.015
Cardiac death, n (%)
1y 4(3.9) 6 (5.8) 0.754
2y 6 (5.8) 10 (9.7) 0.454
3y 10(9.7) 13 (12.6) 0.678

Data are given as median (25th percentile, 75th percentile) or mean+SD,
unless otherwise indicated. BNP indicates B-type natriuretic peptide;
HF, heart failure; LVEF, left ventricular ejection fraction; and Z, zolpidem,
zopiclone, or eszopiclone.

associated with higher risk of rehospitalization for HF
in patients with HF, using multivariable analysis and
propensity score matching analysis. These findings
are pivotal because insomnia itself and the selection of
prescribed hypnotics are modifiable factors.

Insomnia and HF adversely affect each other; in-
somniaincreases the risk of incident HF, and symptoms
of HF (eg, paroxysmal nocturnal dyspnea and/or ortho-
pnea) disrupt sleep.'®32 The mechanisms that underlie
insomnia, hypnotics, and the prognosis of patients with
HF are not yet fully understood. Although the current
hypothesis remains a matter of speculation, one plau-
sible explanation is the shared common pathophysio-
logical features: activation of the sympathetic nervous
system, the hypothalamic pituitary adrenal axis, and
the renin-angiotensin-aldosterone system.!1%:2"

GABA, receptors consist of various subunits (a1-6,
B1-3, and y1-3) and variants."®* The benzodiazepine
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Rehospitalization for heart failure Cardiac death
80 80
Log-Rank P =0.036 Log-Rank P =0.189
60 BZ group o
(%) 40 Z group (%) 40
BZ group
20 20 Z group
0 0
0 1000 2000 3000 4000 0 1000 2000 3000 4000
(Days) (Days)
Number at risk
BZ group 103 49 23 103 72 34
Z group 103 60 24 2 103 72 36

Figure 3. Kaplan-Meier analysis: postmatched cohort (n=206).

BZ indicates benzodiazepine; and Z, zolpidem, zopiclone, or eszopiclone.

sites are formed by one of several a subunits (a1, a2,
a3, and ab) and a y subunit.”® These subtypes con-
tribute to the pharmacological effects of benzodiaz-
epines and Z-drugs. For instance, al is associated
with sedation, addiction, and amnesia, whereas a2
is related to anxiolysis, antidepression, and myorelax-
ation.'®** The ventral tegmental area and nucleus ac-
cumbens are located in the mesolimbic area, and are
known as the central nervous system reward system.®®
Benzodiazepine dependence is caused by activation
of dopaminergic neurons in the ventral tegmental area
by modulating ai-containing GABA, receptors ex-
pressed in nearby interneurons.® Thus, the differences
in a subunit selectivity between benzodiazepines and
Z-drugs contribute to benzodiazepine dependence.'43°
From real-world evidence, the risk of a patient be-
coming dependent on Z-drugs is lower than that of
benzodiazepines.®"3® Although both benzodiazepines
and Z-drugs show inhibitory effects through GABA,
receptors in the central nervous system,”®' Z-drugs
are superior in that it takes longer for patients to build
a tolerance to them.'® Downregulation in GABA, re-
ceptors after long-term exposure to benzodiazepines
leads to tolerance.®® Thus, benzodiazepine tolerance
could result in increased sympathetic nervous sys-
tem, hypothalamic pituitary adrenal axis, and renin-
angiotensin-aldosterone system. In the current study,
the benzodiazepine group showed lower levels of so-
dium, indicating increased neurohormonal activation,
which was consistent with this hypothesis.*%#! These
neurohormonal activations may be a plausible expla-
nation for poor prognosis.*? Insomnia is described
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as hyperarousal of the central nervous system.!421
Patients taking benzodiazepines may be at higher risk
of rebound insomnia and withdrawal symptoms com-
pared with those taking Z-drugs.'® Psychological with-
drawal symptoms can lead to emotional stress, such
as anxiety, nervousness, depression, and irritability.'
Stress activates the amygdala, a brain region associ-
ated with stress, and causes cardiovascular disease
through increased bone marrow activity and arterial in-
flammation.*® Furthermore, a new pathway, called the
neuroimmune axis, outside the sympathetic nervous
system has been attracting great interest recently.*4
Fragmented sleep reduces production of orexin in
the hypothalamus, which, in turn, activates the pro-
duction of monocytes in the bone marrow, resulting
in greater atherosclerosis.** With respect to comorbid
disorders, sleep apnea syndrome is one of the major
comorbidities of insomnia and HF.2%* Because ben-
zodiazepines may suppress respiratory drive and have
muscle-relaxing effects, they may possibly deteriorate
the patient’s ability to breathe during sleep.”” Thus,
benzodiazepines can be a risk factor of cardiovascular
events.?” These pleiotropic unfavorable effects sug-
gest that the use of benzodiazepines adversely affects
HF beyond insomnia itself.

A standard treatment for HF patients with insomnia
has yet to be established, although in general, all pa-
tients should receive cognitive behavioral therapy for
insomnia as first-line treatment.?~* Collaboration with
specialists, such as psychiatrists, should be consid-
ered. When pharmacotherapy is added, the decision
becomes which hypnotics to prescribe. Clinicians
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should select hypnotics according to symptom pattern,
treatment goals, past treatment responses, patient
preference, cost, availability of other treatments, co-
morbid conditions, contraindications, concurrent medi-
cation interactions, and adverse effects.* To date, there
have been no direct comparisons of the effectiveness
of hypnotics.“® The results of the current study suggest
that Z-drugs, rather than benzodiazepines, should be
considered to avoid rehospitalization for HF in patients
with HF. It is also necessary to optimize medical therapy
for HF. For example, the use of diuretics at night should
be avoided not to disrupt sleep. However, insufficient
decongestion is also undesirable, because it causes
paroxysmal nocturnal dyspnea and/or orthopnea. In
addition, cardiac rehabilitation might be useful for im-
proving insomnia, as well as exercise capacity and
prognosis.?'#7:48

STUDY STRENGTHS AND
LIMITATIONS

This present study had several strengths. First, we
focused on the modifiable prognostic factors.
Insomnia can be ameliorated by cognitive behavio-
ral therapy for insomnia alone or in combination with
pharmacotherapy, and the choice of hypnotics is
modifiable.'-*1817:46 Second, we clearly distinguished
benzodiazepines from Z-drugs. Although sometimes
benzodiazepines and Z-drugs are considered to be
in the same category by researchers or public health
officials, we found a robust and significant difference
between these 2 types of medication for prognosis.
This finding is pivotal not only for clinical practice,
but also for health policy. Third, we performed multi-
ple Cox proportional hazard analysis and propensity
score matching. Because this was a historical cohort
study, these methods effectively strengthened the re-
liability of our results.

On the other hand, there were several limitations
to the current study. First, as a single-center study
with a relatively small number of patients, our results
should be considered preliminary. Second, because
the study population was divided on the basis of the
type of hypnotics at discharge, neither doses nor
changes in hypnotic treatment after discharge were
taken into account. Third, considering the histori-
cal aspects of hypnotics (ie, Z-drugs are newer than
benzodiazepines) and higher age demonstrated in
the benzodiazepine group, we could not completely
exclude selection bias and some remaining possible
confounding factors. Fourth, we focused on only Z-
drugs and benzodiazepines; we did not investigate
the effectiveness or safety of other hypnotics (eg, ra-
melteon, suvorexant, and melatonin) for patients with
HF.
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CONCLUSIONS

Benzodiazepine is associated with higher risk of rehos-
pitalization for HF in patients with HF. Z-drugs might be
superior to benzodiazepines as hypnotics in patients
with HF.

ARTICLE INFORMATION
Received July 18, 2019; accepted February 21, 2020.

Affiliations

From the Departments of Cardiovascular Medicine (Y.S., AY., Y.H., KW.,
Y. Kimishima, T.K., Y. Kanno, T. Yokokawa, S.A., TM., T.S., M.O,, AK,
T. Yamaki, H.K., K.N., T.l, Y.T.) and Advanced Cardiac Therapeutics (A.Y.,
T.M.), Fukushima Medical University, Fukushima, Japan.

Acknowledgments

The authors thank Ms Kumiko Watanabe, Ms Hitomi Kobayashi, and Ms
Tomiko Miura for their technical assistance, as well as Dr Hajime Iwasa
(Department of Public Health, Fukushima Medical University) for his advice
on medical statistics.

Sources of Funding
This study was supported in part by a grant-in-aid for scientific research (No.
16K09447) from the Japan Society for the Promotion of Science.

Disclosures

Drs Yoshihisa and Misaka belong to the Department of Advanced Cardiac
Therapeutics at Fukushima Medical University, which is supported by
Fukuda-denshi Co, Ltd. This company is not associated with the contents of
this study. The remaining authors have no disclosures to report.

REFERENCES

1. Morin CM, Benca R. Chronic insomnia. Lancet. 2012;379:1129-1141.
Qaseem A, Kansagara D, Forciea MA, Cooke M, Denberg TD;
Clinical Guidelines Committee of the American College of Physicians.
Management of chronic insomnia disorder in adults: a clinical practice
guideline from the American College of Physicians. Ann Intern Med.
2016;165:125-133.

3. Riemann D, Baglioni C, Bassetti C, Bjorvatn B, Dolenc Groselj L, Ellis
JG, Espie CA, Garcia-Borreguero D, Gjerstad M, Goncalves M, et al.
European guideline for the diagnosis and treatment of insomnia. J Sleep
Res. 2017;26:675-700.

4. Schutte-Rodin S, Broch L, Buysse D, Dorsey C, Sateia M. Clinical
guideline for the evaluation and management of chronic insomnia in
adults. J Clin Sleep Med. 2008;4:487-504.

5. Morin CM, LeBlanc M, Daley M, Gregoire JP, Merette C. Epidemiology
of insomnia: prevalence, self-help treatments, consultations, and deter-
minants of help-seeking behaviors. Sleep Med. 2006;7:123-130.

6. Ohayon MM. Epidemiology of insomnia: what we know and what we still
need to learn. Sleep Med Rev. 2002;6:97-111.

7. Ohayon MM, Reynolds CF 3rd. Epidemiological and clinical rele-
vance of insomnia diagnosis algorithms according to the DSM-IV and
the international classification of sleep disorders (ICSD). Sleep Med.
2009;10:952-960.

8. Breslau N, Roth T, Rosenthal L, Andreski P. Sleep disturbance and psy-
chiatric disorders: a longitudinal epidemiological study of young adults.
Biol Psychiatry. 1996;39:411-418.

9. Buysse DJ, Angst J, Gamma A, Ajdacic V, Eich D, Rossler W.
Prevalence, course, and comorbidity of insomnia and depression in
young adults. Sleep. 2008;31:473-480.

10. Laugsand LE, Strand LB, Platou C, Vatten LJ, Janszky I. Insomnia
and the risk of incident heart failure: a population study. Eur Heart J.
2014;35:1382-1393.

11. Dew MA, Hoch CC, Buysse DJ, Monk TH, Begley AE, Houck PR, Hall
M, Kupfer DJ, Reynolds CF lIl. Healthy older adults’ sleep predicts
all-cause mortality at 4 to 19 years of follow-up. Psychosom Med.
2003;65:63-73.



Sato et al

20.

21.

22,

23.

24,

25.

26.
27.

28.

J Am Heart Assoc. 2020;9:e013982. DOI: 10.1161/JAHA.119.013982

Vgontzas AN, Liao D, Pejovic S, Calhoun S, Karataraki M, Basta M,
Fernandez-Mendoza J, Bixler EO. Insomnia with short sleep duration
and mortality: the Penn state cohort. Sleep. 2010;33:1159-1164.
Rudolph U, Knoflach F. Beyond classical benzodiazepines: novel ther-
apeutic potential of GABAA receptor subtypes. Nat Rev Drug Discov.
2011;10:685-697.

Soyka M. Treatment of benzodiazepine dependence. N Engl J Med.
2017;376:1147-1157.

Tannenbaum C, Martin P, Tamblyn R, Benedetti A, Ahmed S. Reduction
of inappropriate benzodiazepine prescriptions among older adults
through direct patient education: the EMPOWER cluster randomized
trial. JAMA Intern Med. 2014;174:890-898.

Sateia MJ, Buysse DJ, Krystal AD, Neubauer DN, Heald JL. Clinical
practice guideline for the pharmacologic treatment of chronic insom-
nia in adults: an American academy of sleep medicine clinical practice
guideline. J Clin Sleep Med. 2017;13:307-349.

Matheson E, Hainer BL. Insomnia: pharmacologic therapy. Am Fam
Physician. 2017;96:29-35.

Buscemi N, Vandermeer B, Friesen C, Bialy L, Tubman M, Ospina M,
Klassen TP, Witmans M. The efficacy and safety of drug treatments for
chronic insomnia in adults: a meta-analysis of RCTS. J Gen Intern Med.
2007;22:1335-1350.

Wagner J, Wagner ML. Non-benzodiazepines for the treatment of in-
somnia. Sleep Med Rev. 2000;4:551-581.

Javaheri S, Redline S. Insomnia and risk of cardiovascular disease.
Chest. 2017;152:435-444.

Kanno Y, Yoshihisa A, Watanabe S, Takiguchi M, Yokokawa T, Sato A,
Miura S, Shimizu T, Nakamura Y, Abe S, et al. Prognostic significance of
insomnia in heart failure. Circ J. 2016;80:1571-1577.

McKee PA, Castelli WP, McNamara PM, Kannel WB. The natural his-
tory of congestive heart failure: the Framingham study. N Engl J Med.
1971;285:1441-1446.

Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats
AJS, Falk V, Gonzalez-Juanatey JR, Harjola VP, Jankowska EA, et al.;
ESC Scientific Document Group. 2016 ESC guidelines for the diagno-
sis and treatment of acute and chronic heart failure: the task force for
the diagnosis and treatment of acute and chronic heart failure of the
European Society of Cardiology (ESC) developed with the special con-
tribution of the Heart Failure Association (HFA) of the ESC. Eur Heart J.
2016;37:2129-2200.

Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, Drazner
MH, Fonarow GC, Geraci SA, Horwich T, Januzzi JL, et al.; American
College of Cardiology Foundation; American Heart Association Task
Force on Practice Guidelines. 2013 ACCF/AHA guideline for the man-
agement of heart failure: a report of the American College of Cardiology
Foundation/American Heart Association task force on practice guide-
lines. J Am Coll Cardiol. 2013;62:e147-e239.

Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K, Yamagata
K, Tomino Y, Yokoyama H, Hishida A; Collaborators developing the
Japanese equation for estimated GFR. Revised equations for esti-
mated GFR from serum creatinine in Japan. Am J Kidney Dis. 2009;53:
982-992.

Radloff LS. The CES-D scale: a self-report depression scale for re-
search in the general population. Appl Psychol Meas. 1977;1:385-401.
Yoshihisa A, Takeishi Y. Sleep disordered breathing and cardiovascular
diseases. J Atheroscler Thromb. 2019;26:315-327.

von EIm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC,
Vandenbroucke JP; STROBE Initiative. Strengthening the reporting of

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41

42,

43.

44,

45.

46.

47.

48.

Impact of Benzodiazepine on Heart Failure

observational studies in epidemiology (STROBE) statement: guidelines
for reporting observational studies. BMJ. 2007;335:806-808.

Austin PC. A critical appraisal of propensity-score matching in the
medical literature between 1996 and 2003. Stat Med. 2008;27:
2037-2049.

Brookhart MA, Schneeweiss S, Rothman KJ, Glynn RJ, Avorn J,
Sturmer T. Variable selection for propensity score models. Am J
Epidemiol. 2006;163:1149-1156.

Austin PC. An introduction to propensity score methods for reducing
the effects of confounding in observational studies. Multivariate Behav
Res. 2011;46:399-424.

Heinze G, Juni P. An overview of the objectives of and the approaches
to propensity score analyses. Eur Heart J. 2011;32:1704-1708.

Hayes D Jr, Anstead MI, Ho J, Phillips BA. Insomnia and chronic heart
failure. Heart Fail Rev. 2009;14:171-182.

Nutt DJ, Stahl SM. Searching for perfect sleep: the continuing evolu-
tion of GABAA receptor modulators as hypnotics. J Psychopharmacol.
2010;24:1601-1612.

Saal D, Dong Y, Bonci A, Malenka RC. Drugs of abuse and stress
trigger a common synaptic adaptation in dopamine neurons. Neuron.
2008;37:577-582.

Tan KR, Brown M, Labouebe G, Yvon C, Creton C, Fritschy JM,
Rudolph U, Luscher C. Neural bases for addictive properties of benzo-
diazepines. Nature. 2010;463:769-774.

Jaffe JH, Bloor R, Crome |, Carr M, Alam F, Simmons A, Meyer RE.
A postmarketing study of relative abuse liability of hypnotic sedative
drugs. Addiction. 2004;99:165-173.

Soyka M, Bottlender R, Moller HJ. Epidemiological evidence for a low
abuse potential of zolpidem. Pharmacopsychiatry. 2000;33:138-141.
Licata SC, Rowlett JK. Abuse and dependence liability of
benzodiazepine-type drugs: GABA(A) receptor modulation and beyond.
Pharmacol Biochem Behav. 2008;90:74-89.

Schrier RW. Water and sodium retention in edematous disorders: role of
vasopressin and aldosterone. Am J Med. 2006;119:S47-S53.

Schrier RW. Blood urea nitrogen and serum creatinine: not married in
heart failure. Circ Heart Fail. 2008;1:2-5.

Jackson G, Gibbs CR, Davies MK, Lip GY. ABC of heart failure.
Pathophysiology. BMJ. 2000;320:167-170.

Tawakol A, Ishai A, Takx RA, Figueroa AL, Ali A, Kaiser Y, Truong QA,
Solomon CJ, Calcagno C, Mani V, et al. Relation between resting
amygdalar activity and cardiovascular events: a longitudinal and cohort
study. Lancet. 2017;389:834-845.

McAlpine CS, Kiss MG, Rattik S, He S, Vassalli A, Valet C, Anzai A,
Chan CT, Mindur JE, Kahles F, et al. Sleep modulates haematopoiesis
and protects against atherosclerosis. Nature. 2019;566:383-387.
Wickwire EM, Collop NA. Insomnia and sleep-related breathing disor-
ders. Chest. 2010;137:1449-1463.

Ramakrishnan K, Scheid DC. Treatment options for insomnia. Am Fam
Physician. 2007;76:517-526.

Suna JM, Mudge A, Stewart I, Marquart L, O’Rourke P, Scott A. The
effect of a supervised exercise training programme on sleep quality
in recently discharged heart failure patients. Eur J Cardiovasc Nurs.
2015;14:198-205.

Piepoli MF, Conraads V, Corra U, Dickstein K, Francis DP, Jaarsma T,
McMurray J, Pieske B, Piotrowicz E, Schmid JP, et al. Exercise training in
heart failure: from theory to practice: a consensus document of the heart
failure association and the European Association for Cardiovascular
Prevention and Rehabilitation. Eur J Heart Fail. 2011;13:347-357.



