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Beta blockers reduce mortality and morbidity in patients with heart failure. Early reports
linking B-blockers with depression may have limited their use in heart failure patients
with co-morbid depression. Although more recent studies have challenged the association
between B-blocker therapy and depression, patient and physicians remain concerned. The
goal of this study is to evaluate the utilization and outcomes of S-blocker therapy in heart
failure patients with depression. This is a retrospective cohort study of patients at a multi-
center integrated healthcare system with a diagnosis of heart failure from 2008 to 2014.
Among 6,915 patients with heart failure with left ventricular ejection fraction of <50%,
1,252 (18.1%) had a diagnosis of depression. Patients with depression were more likely to
be women and had a higher prevalence of cardiovascular risk factors. Depression was
associated with decreased odds of B-blocker treatment (adjusted odds ratio [OR], 0.77;
95% confidence interval [CI], 0.62 to 0.95; p=0.016). During a mean follow-up of
2.6 years, 439 (35.1%) patients with depression died compared with 1,549 (27.4 %) patients
without depression. Depressed patients not treated with B-blocker had higher mortality
compared with nondepressed patients (adjusted hazard ratio [HR], 1.4, 95% CI 1.09 to
1.7, p=0.005). When treated with B-blockers, their risk of mortality was attenuated (HR
1.1, 95% CI 0.97 to 1.2, p = 0.14). In conclusion, $-blocker therapy remains underutilized
in heart failure patients with depression, and its underutilization contributes to the

reduced survival rate observed in this cohort.
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Heart failure in the United States is a major public health
issue with a prevalence of over 5.8 million people. The life-
time risk of heart failure is around 1 in 5, although improve-
ments in understanding of the underlying disease as well as
treatments have raised the expected lifespan.’* Beta block-
ers are the cornerstone treatment for chronic heart failure.
Randomized trials showed that S-blockers reduce mortality
and morbidity in patients with heart failure and they are rec-
ommended by the American College of Cardiology/Ameri-
can Heart Association guidelines.” Early reports from the
1960s and 1980s raised concerns that S-blockers may cause
depression.”* Recent studies that utilized more rigorous
methodologies have challenged this idea, and showed no
association between S-blocker therapy and depression, sug-
gesting that restricting B-blocker use in patients with
depression may be unwarranted.”® Nevertheless, continued
patient and physician concerns may contribute to their
underutilization in heart failure patients with depression.
This is an important issue because over 20% of heart failure
patients in the United States suffer from depression and
this group of patients has significantly worse clinical out-
comes.”* The goal of this study is to evaluate the utilization
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of B-blocker therapy in heart failure patients with co-mor-
bid depression, and to evaluate the effect of g-blocker
therapy on mortality in heart failure patients with or with-
out depression.

Methods

This is a retrospective cohort study based on data from
the Kaiser Permanente Southern California (KPSC) health
system, an integrated healthcare system serving more than
4 million members. Members enroll through the Kaiser
Foundation Health Plan for comprehensive medical insur-
ance that includes pharmacy benefits.

Comprehensive information on the medical care KPSC
members receive is prospectively captured electronically
through a centralized data warehouse, with electronic data
sets with linked information on demographics, administra-
tive, pharmacy, laboratory, and health care utilization data
from both ambulatory visits and hospitalizations. The pres-
ent study was approved by the KPSC Institutional Review
Board. A waiver of informed consent was obtained because
of the observational nature of the study.

Patients aged >21 years diagnosed with heart failure
from January 1, 2008 to December 31, 2014 were identified
using International Classification of Diseases (ICD-9-CM)
codes 428.x, 402.x, and 404.x3. Patients were included in
the study if they had at least one inpatient diagnostic code
for heart failure, or at least 2 outpatient encounters with a
diagnosis of heart failure. The date of first diagnosis of
heart failure was used as the index date. Patients who were
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not members or with less than 1 year of health plan enroll-
ment prior to the index date were excluded. Patients with
less than 7 days of follow-up time were excluded to allow
adequate follow-up. Patients with no echocardiogram infor-
mation were excluded.

Left ventricular ejection fraction (LVEF) assessments
were based on transthoracic echocardiography. LVEF was
extracted from the first transthoracic echocardiogram report
obtained after the index date. Patients were classified as hav-
ing heart failure with systolic dysfunction if their LVEF was
<50%. Patients with LVEF >50% were excluded due to lack
of evidence to support S-blocker therapy in this group.

Co-morbidities at baseline were identified using ICD-
9-CM codes. Patients with a diagnosis of depression pre-
ceding their date of heart failure diagnosis were identi-
fied using ICD-9-CM codes 296.2, 296.3, 296.5, 300.4,
309.x, 311. Exposure to B-blocker therapy was extracted
from outpatient pharmacy dispensing records. Patients
were considered to be exposed to S-blockers if they filled
at least one prescription for a S-blocker within 1 year of
heart failure diagnosis. Exposure to other cardiac medi-
cations including statins, angiotensin-converting enzyme
inhibitors, angiotensin receptor blockers, diuretics, and
aldosterone antagonists was also extracted from outpa-
tient pharmacy dispensing records.

Mortality data were extracted from a mortality data file
with integrated death information derived from multiple
sources including California state death master files, Social
Security Administrative death master files, hospital deaths,
and insurance enrollment records.

Baseline characteristics at time of index admission are
presented as means with standard deviations, medians with
interquartile ranges, or frequencies with percentages as
appropriate. Differences in categorical data between patient
groups were compared by Chi-square test. Differences in
continuous data between patient groups were compared by
Student’s ¢ tests or the Wilcoxon-Mann-Whitney test.
Crude survival by S-blocker treatment was assessed with
Kaplan-Meier analyses. Logistic regression was performed
to examine the association between depression and treat-
ment with S-blockers. Cox proportional hazard models
were used to calculate the effect of B-blocker treatment on
the risk of all-cause mortality. Proportional hazard assump-
tion was tested using scaled Schoenfeld residuals. Hazard
ratios were reported with 95% confidence intervals (CI).
Statistical analyses were performed using STATA 14
(StataCorp, College Station, TX).

Results

From 2008 to 2014, we identified 16,557 patients diag-
nosed with heart failure who had echocardiogram informa-
tion. Of these, 9,622 patients had a left ventricular ejection
fraction of >50% and were excluded. Twenty patients were
excluded because they had less than 7 days of follow-up infor-
mation. The final study cohort consisted of 6,915 patients.

Of the 6,915 patients, 1,252 (18.1%) had a diagnosis of
depression preceding their date of heart failure diagnosis.
Baseline characteristics are shown in Table 1. Compared
with patients without depression, patients with depression
were older and more likely to be women. Co-morbidities

Table 1
Baseline characteristics of the study population according to depression
status

Variable No depression Depression p Value
(n=5663) (n=1252)
Age (years) 68.9 &+ 14.0 70.1 £ 12.9 0.006
Male 3858 (68.1%) 634 (50.6%) <0.001
White 2792 (49.3%) 720 (57.5%) <0.001
Black 987 (17.4%) 156 (12.5%)
Hispanic 1335 (23.6%) 304 (24.3%)
Asian 488 (8.6%) 61 (4.9%)
Other 61 (1.1%) 11 (0.9%)
Hypertension 4568 (80.7%) 1076 (85.9%) <0.001
Hyperlipidemia 3834 (67.7%) 931 (74.4%) <0.001
Diabetes mellitus 2251 (39.8%) 559 (44.7%) 0.001
Obesity 1597 (28.2%) 403 (32.2%) 0.005
CAD 1844 (32.6%) 412 (32.9%) 0.81
Atrial fibrillation 1795 (31.7%) 416 (32.2%) 0.29
CVA/TIA 694 (12.3%) 228 (18.2%) <0.001
CKD 2010 (35.5%) 498 (39.8) 0.004
COPD/Asthma 1758 (31.0%) 476 (38.0%) <0.001
Diuretics 4388 (77.5%) 989 (79.0%) 0.25
Statin 4274 (75.5%) 934 (74.6%) 0.52
Beta-blockers 5150 (90.9%) 1100 (87.9%) 0.001
Ace-i/ARB 4767 (84.2%) 1020 (81.5%) 0.02
Aldo 1023 (18.1%) 230 (18.4%) 0.80
BNP (pg/ml) 681 (368, 1260) 643 (325, 1292) 0.09

Values are n (%), mean &+ SD, or median (IQR).

CAD =coronary artery disease; CVA =cerebrovascular accident;
TIA = transient ischemic attack; COPD = Chronic obstructive lung disease;
CKD = chronic kidney disease. Ace-i =ace inhibitor; ARB = angiotensin-
receptor blocker; Aldo = aldosterone antagonist. BNP = B-type natriuretic
peptide.

BNP values available in 4,272 patients.

of hypertension, dyslipidemia, diabetes mellitus, ischemic
stroke, chronic obstructive pulmonary disease, and chronic
kidney disease were more prevalent in the depression group.

Patients with depression were less likely to be treated
with B-blockers 5,150 (90.9%) of patients without
depression were treated with B-blockers, compared with
1,110 (87.9%) of patients with depression. No significant
difference was observed in the use of diuretics, statins, or
aldosterone antagonists. Use of angiotensin converting
enzyme inhibitors and angiotensin receptor blockers was
lower in the group with depression (84.2% vs 81.5%).
Depression was associated with decreased odds of
B-blocker treatment (odds ratio [OR], 0.72; 95% confidence
interval [CI], 0.59 to 0.87; p=0.001) (Table 2). Even after
adjusting for age, gender, ethnicity, medical co-morbidities
and treatment with other cardiac medications, the associa-
tion between depression and decreased odds of S-blocker
treatment remained significant (OR 0.77, 95% CI 0.62 to
0.95, p=0.016).

The total follow-up time was 18,094 person-years (mean
follow-up time 2.6 years). During follow-up, 439 (35.1%)
patients with depression died compared with 1,549 (27.4%)
patients without depression.

Kaplan-Meier estimated survival estimates are shown in
Figure 1. Higher mortality was observed in the group with
depression (Figure 1). Patients were further stratified by
B-blocker treatment. Patients treated with B-blockers had
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Table 2

Univariate and multivariate analyses examining the association between depression and treatment with B blocker in patients with heart failure

Model OR 95% CI p Value
Univariate 0.72 0.59-0.87 0.001
Adjusted for age 0.74 0.61-0.90 0.002
Adjusted for age, gender and ethnicity 0.74 0.61-0.90 0.003
Adjusted for age, gender, ethnicity and comorbidities* 0.75 0.62-0.91 0.004
Adjusted for age, gender, ethnicity, comorbidities and treatment with other medications’ 0.77 0.62-0.95 0.016

* Comorbidities: hypertension, hyperlipidemia, diabetes, obesity, coronary artery disease, atrial fibrillation, cerebrovascular accident, transient ischemic
attack, chronic kidney disease, chronic obstructive pulmonary disease, and asthma.
"Medications: statin, angiotensin converting enzyme inhibitor, angiotensin receptor blocker, aldosterone antagonist, and diuretics.

better survival, regardless of co-morbid depression. When
treated with B-blockers, heart failure patients with depres-
sion had comparable survival compared with those without
depression on B-blockers (Figure 1). Those who were not
treated with B-blockers had worse survival than patients
with no depression treated with 8-blockers.

Cox-regression models were constructed to evaluate the
association between depression, S-blocker treatment, and
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Figure 1. Kaplan-Meier survival estimates for all-cause mortality of heart
failure patients (A) comparing patients with depression to patients without
depression, log rank p <0.001. (B) Comparing four groups of patients
(1) patients with depression treated with S-blockers (BB), (2) patients with
depression not treated with B blockers, (3) patients without depression
treated with B blockers, and (4) patients without depression not treated
with B-blockers. Log rank p <0.001.

mortality (Table 3). Compared with patients without
depression on p-blockers, patients with depression not
treated with B-blockers had higher mortality (adjusted haz-
ard ratio [HR], 1.4, 95% CI 1.09 to 1.7, p=0.005). In con-
trast, patients with depression treated with B-blockers had
significantly better survival compared with those not treated
with B-blockers, with their survival comparable to patients
without a prevalent diagnosis of depression (HR 1.1, 95%
CI0.97to 1.2, p=0.14).

Discussion

In this study of patients with heart failure and depres-
sion, we found that 8 blocker utilization is lower among
patients with co-morbid depression. Underutilization of
B-blockers in heart failure patients is associated with worse
survival. When patients with depression were treated with
B-blockers, their survival was comparable to patients with-
out depression, underscoring the importance of guidelines-
directed medical therapy in this population.

Patients with cardiovascular disease have a high inci-
dence of depression as well as higher morbidity, mortality,
and readmission rates than patients without co-morbid psy-
chiatric illnesses.’'” Depression and cardiovascular disease
are closely linked, with the severity of depression correlat-
ing with the severity of cardiovascular disease.'"'> Multi-
ple inciting factors are posited as possibly playing a role in
both, including socioeconomic factors such as increased
prevalence of tobacco use and other toxin intake, physio-
logic mechanisms such as heightened inflammatory state
due to depression, decreased heart rate variability, and
impaired platelet function.''""? In addition, many psycho-
tropic medications are known to have adverse effects on
lipid profiles, diabetes, and cardiac function. Depression
after MI or stroke has been known to have negative impacts
on patient’s quality of life, morbidity, and mortality.”'"
Similar poor outcomes have been shown in patients with
heart failure and depression.'™'°

In this cohort of patients with heart failure, a significant
proportion (18.1%) had co-morbid depression. Overall,
these patients had worse outcomes compared with their
nondepressed counterparts. Patients with depression had
higher rates of cardiovascular risk factors including hyper-
tension, dyslipidemia, and diabetes mellitus. These differ-
ences in baseline characteristics were also observed in
other published cohorts."’

Guideline-directed medical therapy is underutilized in
the group with depression. In particular, g-blocker therapy
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Table 3

Hazard ratios of all-cause mortality in heart failure patients with and without depression

Crude HR (95% CI)  p Value

Adjusted HR* (95% CI)  p Value  Adjusted HR' (95% CI)  p Value

No depression, treated with B-blockers Reference

No depression, not treated with S-blockers 1.6 (1.4-1.8) <0.001
Depression, treated with B-blockers 1.1 (0.99-1.3) 0.054
Depression, not treated with S-blockers 1.4 (1.2-1.8) 0.001

Reference Reference
1.5 (1.3-1.7) <0.001 1.3 (1.1-1.5) 0.001
1.1 (0.99-1.3) 0.08 1.1 (0.97-1.2) 0.14
1.5(1.2-1.9) <0.001 1.4 (1.09-1.7) 0.005

* Adjusted for demographics (age, gender, race/ethnicity), and comorbidities including hypertension, hyperlipidemia, diabetes, obesity, coronary artery dis-
ease, atrial fibrillation, cerebrovascular accident, transient ischemic attack, chronic kidney disease, chronic obstructive pulmonary disease, and asthma.
" Adjusted for demographics, comorbidities and medications (statin, angiotensin converting enzyme inhibitor, angiotensin receptor blocker, aldosterone

antagonist, and diuretics).

is less commonly used in depressed patients compared with
the nondepressed counterpart. There are several possible
reasons for the difference in therapy for patients with heart
failure alone and those with co-morbid depression. These
include patient refusal or inability to reliably take medica-
tions, provider focus on the psychiatric illness at the
expense of nonpsychiatric diagnoses, or provider bias.
Some studies have shown that patients with cardiovascular
disease and psychiatric illness are more likely to be treated
at low quality cardiovascular disease centers and receive
less patient education regarding condition and treat-
ments."”'® Providers may also be concerned with medica-
tion interactions with psychotropic medications or the
psychiatric illness itself. In addition, the regimens for heart
failure are often complex, requiring frequent dosing, factors
associated with decreased medication compliance further
exacerbated by depression.'’

Although the effect of B-blockers in depression has long
been disputed, concerns over worsening mental health con-
ditions may lead providers to undertreat cardiomyopathy.
The concern that S-blocker therapy may worsen depression
arose decades ago.” These reports studied propranolol, the
most lipophilic and thus most centrally acting B-blocker,
which is not part of guideline-directed medical therapies on
cardiomyopathy and heart failure. Recent studies have
shown that B-blocker use after acute myocardial infarction
has not been associated with worsening symptoms of
depression.”*’** Nevertheless, continued concern of poten-
tial side effects may have contributed to the underutilization
of B blockers in depressed patients.

Our study showed that underutilization of g8 blocker in
depressed heart failure patients is associated with signifi-
cantly worse survival. Most importantly, when patients
with depression were treated with g-blockers, the increased
mortality was no longer observed, and their survival was
comparable to patients without depression. This observa-
tion suggests undertreatment with appropriate guideline-
directed medical therapy as an important contributor to the
worse outcomes in patients with depression.

Limitations of this study include a lack of depression
severity scoring and New York Heart Association class of
heart failure symptoms. Depression is a heterogeneous dis-
ease with severity that can vary from day to day. Ejection
fraction also does not necessarily reflect functional capac-
ity, which may be a more relevant metric when discussing
the effects of depressed mood on quality of life. The obser-
vational nature of the study precludes conclusions regard-
ing causation. Despite attempts to adjust for known

confounders, residual confounding from unmeasured varia-
bles is possible. Furthermore, although survival improves
with B-blocker therapy, the effect on depression was not
evaluated in this study. The cohort studied was obtained
from an insured population, and as such, may limit the gen-
eralizability to patients without insurance or those with lim-
ited access to medical care.

In conclusion, in this large contemporary population-
based cohort, we found that B-blocker therapy remains
underutilized in depressed heart failure patients. Underutili-
zation of pB-blocker therapy is associated with worse
survival. Prognosis of depressed heart failure patients sig-
nificantly improves and is comparable to nondepressed
patients when guideline-directed medical therapy is used.
Future research is needed to investigate the causes of under-
treatment in patients with heart failure and co-morbid
depression, and to explore strategies to improve utilization
of guideline-directed medical therapy in depressed patients.
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