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Aims Comorbid psychiatric disorders and the use of psychotropic medication are common among cardiac patients and
have been found to increase the risk of mortality. The aims of this study were: (i) to describe the use of psycho-
tropic medication among cardiac patients with and without symptoms of anxiety, (ii) to estimate the association be-
tween use of psychotropic medication prior to hospital admission and all-cause, 1-year mortality following dis-
charge, and (iii) to estimate the risk of mortality among users and non-users of psychotropic medication with or
without self-reported symptoms of anxiety.

...................................................................................................................................................................................................
Methods
and results

Cardiac patients from the DenHeart survey were included, providing information on self-reported symptoms of
anxiety. From national registers, information on the use of psychotropic medication 6 months prior to hospitaliza-
tion and mortality was obtained. By logistic regression analyses, the association between the use of psychotropic
medication, anxiety, and all-cause, 1-year mortality was estimated. The risk of subsequent incident use of psycho-
tropic medication among patients with and without anxiety was furthermore explored. All analyses were fully
adjusted. A total of 12 913 patients were included, of whom 18% used psychotropic medication, and 3% died within
1 year. The use of psychotropic medication was found to be associated with increased 1-year all-cause mortality
[odds ratio 1.90 (95% confidence interval, 1.46–2.46)]. Patients with symptoms of anxiety were significantly more
likely to use psychotropic medication following hospital discharge [2.47 (2.25–2.72)].

...................................................................................................................................................................................................
Conclusion The use of psychotropic medication was associated with 1-year mortality. Thus, the use of psychotropic medication

might explain some of the association between anxiety and mortality; however, the association is probably mainly a
reflection of the underlying mental illness, rather than the use of psychotropic medication.
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..Introduction

Cardiac diseases, such as ischaemic heart disease, valvular heart dis-
ease, arrhythmias, and heart failure, constitute major health issues
and often require lifelong treatment. Therefore, increasing attention
is being paid to the psychological consequences of living with a car-
diac disease.1 It is well known that mental disorders, such as anxiety
are highly prevalent among cardiac patients (20–40%)2–5 and have
been shown to be associated with mortality and worsen the progno-
sis for these patients.6–8 The mechanisms behind the poorer
prognostic outcomes, such as higher morbidity and mortality
among cardiac patients with mental disorders, are multifactorial.
Physiological processes, such as stress-related inflammation, endo-
thelial dysfunction, activation of the hypothalamic–pituitary–adreno-
cortical axis, and the cardiovascular autonomic system, have been
associated with poor outcomes in patients with heart disease.9–11

Furthermore, symptoms of anxiety and depression may act as bar-
riers to lifestyle changes and treatment adherence and reduce the
effects of cardiac rehabilitation.12,13

When mental health issues are causing significant impairment to
healthy functioning, psychotropic medication such as anti-
depressants or benzodiazepines, are often prescribed. In recent
years, there has been a growing awareness of the increased use of
psychotropic medication and the associated side effects and potential
harms.14,15 Therefore, it is relevant also to consider the possible role
of psychotropic medication in the poorer prognostic outcomes in
cardiac patients with anxiety.

There is accumulating evidence of a high prevalence of comorbid
psychiatric disorders in patients with heart disease, which is why the
use of psychotropic medication is common.16 Known cardiovascular
side effects of psychotropic medication include impact on heart
rhythm, such as sinus tachycardia and delayed cardiac conduction.17

In patients with chronic diseases other than heart disease, previous
studies have reported an association between the use of psychotrop-
ic medication and mortality.18–20 In cardiac populations, the use of
psychotropic medication has been found to cause arrhythmias.21 The
use of antidepressant drugs has been found to be associated with
mortality and altered effect of beta-blockers in patients with heart
failure.6 Furthermore, the use of antipsychotic drugs has been associ-
ated with a three times higher risk of sudden death following acute
myocardial infarction (AMI).22

The association between symptoms of anxiety and all-cause mor-
tality in cardiac patients has previously been established.23–25 To fur-
ther elucidate the association, this study aims to explore the
association between the use of psychotropic medication and mortal-
ity among cardiac patients with and without self-reported symptoms
of anxiety.

Purpose

The aim of this study was among patients with heart disease (i) to de-
scribe the use of psychotropic medication among cardiac patients
with and without symptoms of anxiety, (ii) to estimate the association
between use of psychotropic medication prior to hospital admission
and all-cause, 1-year mortality following discharge, and (iii) to esti-
mate the risk of mortality among users and non-users of psychotrop-
ic medication with or without self-reported symptoms of anxiety.
Furthermore, an additional analysis explored the odds of subsequent
incident use of psychotropic medication among cardiac patients with
and without self-reported symptoms of anxiety.

Methods

Design
The present cohort study was based on a combination of self-reported
data from the DenHeart national survey and data from the Danish nation-
al registers. The design and methods of the study have been described in
detail elsewhere.26

Patient population
In the DenHeart survey, all patients aged 18 years or above and dis-
charged from one of the five national heart centres in Denmark were
invited to fill out a questionnaire at hospital discharge from April 2013 to
April 2014. Survey data were linked to the index hospital admission from
the Danish National Patient Register.27 In the present analyses, patients
with ischaemic heart disease, arrhythmias, heart failure, and valvular heart
disease were included.

Data from national registers
For the included population individual information on redeemed pre-
scriptions for psychotropic medication 6 months prior to hospitalization,
as well as post-discharge for sub-analyses, was obtained from The Danish
National Prescription Registry (DNPR). The DNPR contains information
about all dispensed prescriptions in Denmark since 1995.28 From DNPR,
the Anatomical Therapeutic Chemical Classification (ATC) code and the
date of dispensing were included. Patients were defined as users of psy-
chotropic medication if they had dispensed at least one prescription over
the 6 months prior to hospital admission of the following drugs classified
by ATC codes: Benzodiazepines and benzodiazepine-like drugs
(BZD_all): N05BA, N03AE01, N05CD, N05CF; antidepressants (anti_-
depr_all) [including Selective Serotonin Reuptake Inhibitors, Tricyclic
Antidepressants, and Serotonin–norepinephrine reuptake inhibitor]:
N06AB, 06AX, N06AA; and antipsychotics (anti_psyc_all): N05A,
excluding N05AX08-12-13, N05AL05, N05AH02-03-04-05, N05AE03-
04, N05AN01.

Implications for practice
• Detection of mental disorders and the use of psychotropic medication in cardiac patients are important, since it may affect overall

outcomes.
• A possible link between the use of psychotropic drugs and mortality needs to be taken seriously in daily clinical practice of patients with

heart disease.
• Attention is required to reduce the risk of physical disorders, like cardiac disease, among patients with mental illness.
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Data on comorbidity covering a period of 10 years, not including the

index discharge, were available from the Danish National Patient
Register27 and used for the calculation of the Ontario AMI mortality pre-
diction rules (Tu comorbidity index score)29 and the Charlson comorbid-
ity index, including information on primary and secondary diagnoses for
all patients. A comorbidity score of zero means no comorbidities, a score
of one means one of the included comorbidities, etc. All diagnoses were
weighted equally. Follow-up data on all-cause mortality 1 year after dis-
charge was obtained from The Danish Civil Registry System.30

Baseline information including information on the highest educational
level obtained was gained from the Danish Education Registers.31

Educational level was categorized as basic school (<_10 years), upper sec-
ondary or vocational education, and higher education. Information on
sex, age, and marital status (married or living with a partner, single,
divorced, or and widowed) was obtained from the Danish Civil Registry
System.30

Patient-reported data
The Hospital Anxiety and Depression Scale (HADS) is a 14-item ques-
tionnaire that assesses symptoms of depression and anxiety in hospital-
ized patients admitted to non-psychiatric hospital clinics. The scale offers
two sub-scales, consisting of seven questions each to assess anxiety
(HADS-A) and depression (HADS-D), respectively.32 HADS has been
found to be a valid and internally consistent measure in this patient popu-
lation, with a Cronbach’s alpha of 0.82 and 0.87 for the HADS-D and
HADS-A, respectively.33,34 Scores below eight for either subscale are
regarded as normal, whilst scores >_8 suggest the presence of a disorder
with anxiety or depression, respectively.35 For the present study only the
HADS-A sub-scale was evaluated. Anxiety symptoms were defined as a
HADS-A score of >_8.

Furthermore, self-reported information about smoking behaviour, al-
cohol intake, height, and weight [for calculating body mass index (BMI)]
were included as part of the survey. High alcohol intake was defined
according to The Danish Health Authority as an intake exceeding more
than 21 standard drinks per week for men and more than 14 standard
drinks per week for women.

Statistical analyses
Baseline characteristics at the time of discharge were described using
means and standard deviations for continuous measures and percentages
for categorical measures. Baseline differences between uses and non-
users of psychotropic medication were tested using v2 tests for categor-
ical variables and Student’s t-test for continuous variables. Patients with-
out complete answers (n = 537) to the HADS were excluded (Figure 1).

Logistic regression models were performed to investigate the associ-
ation between exposure measured as either use of psychotropic medica-
tion 6 months prior to admission, or self-reported symptoms of anxiety,
or both, and all-cause mortality within 1 year. The odds ratios (ORs) with
95% confidence intervals for all-cause mortality were estimated in two
models, crude (Model 1) and fully adjusted (Model 2). Model 2 was
adjusted for age (10-year intervals), sex, cardiac diagnosis (ischaemia,
valve disease, arrhythmias, and heart failure), comorbidity (Tu-index
score), smoker (current daily), obesity (BMI >_ 30), marital status, and
educational level.

Furthermore, we conducted an additional analysis exploring the odds
of incident use of psychotropic medication 1 year following hospital dis-
charge, stratified by HADS-A score, and by the same drug classifications,
as the main analyses. This analysis was conducted using logistic regression
analysis and was fully adjusted as the Model 2 of the main analyses.
Patients were defined as users of psychotropic medication if they

redeemed a prescription for psychotropic medication up to 1 year after
hospital discharge.

All analyses were conducted using SAS version 9.4.

Results

Psychotropic medication, self-reported
anxiety symptoms, and mortality
A total of 12 913 cardiac patients, were included in this study after ad-
mission for a cardiac disease. A participant flow-chart is presented in
Figure 1. Among the included patients, 2335 (18%) redeemed at least
one prescription for psychotropic medication during the six prior to
hospital admission and a total of 362 (3%) died within the first year
after hospitalization. Results revealed that there was a higher use of
psychotropic medication among females, older patients, smokers,
widowed, lower educated patients, and among patients who had
more comorbidity (Table 1). Among patients with symptoms of anx-
iety (n = 4085; 32%), 1133 (28%) used psychotropic medication com-
pared to 1202 (14%) among patients without symptoms of anxiety,
P-value <0.0001. The most commonly used drugs were benzodiaze-
pines (68%) and antidepressants (55%) (Table 2).

A total of 130 (6%) of the 2335 users of psychotropic medication
in the 6 months prior to hospital admission, died within 1-year post-
discharge, compared with 232 (2%) of non-users, P-value <0.0001.
Redeeming a prescription for psychotropic medication within 6
months prior to hospitalization was associated with higher ORs of
all-cause mortality after 1 year [1.90 (1.46–2.46)]. There was a signifi-
cant association between a high HADS-A score and all-cause mortal-
ity 1 year after hospital discharge [1.81 (1.42–2.31)]. When including
both the use of any psychotropic medication prior to hospitalization
and self-reported symptoms of anxiety in the model, the associations
became attenuated [use of psychotropic medication, 1.73 (1.33–
2.26); and HADS-A, 1.67 (1.05–1.63)] (Table 3).

For the additional analysis exploring the odds of incident use of
psychotropic medication, we found that patients with a HADS-A
score of eight or more were more likely to redeem a prescription for
any psychotropic medication in the year after hospital discharge [2.47
(2.25–2.72)].

Discussion

For the included cohort of 12 913 patients with heart disease, the use
of psychotropic medication was common. The use of psychotropic
medication prior to admission was associated with a higher risk of 1
year, all-cause mortality, regardless of self-reported symptoms of
anxiety. The results of this study correspond with earlier findings that
the use of psychotropic medication might affect clinical outcomes
and morbidity among different patient populations, including cardiac
ones.21

The previously established association between symptoms of anx-
iety and higher mortality24 may be partly explained by the use of psy-
chotropic medication, as we found associations attenuated when
adjusted for this. However, from these findings, it cannot be ascer-
tained whether the higher mortality is due to the use of psychotropic
medication or the underlying illness. The use of psychotropic

Exploring the use of psychotropic medication in cardiac patients 3
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medication in this population is likely a proxy for the severity of psy-
chiatric symptoms, treatment-refractory or residual mental illness,
and/or other comorbidities.

The prevalence of psychotropic medication use was twice as high
among cardiac patients with symptoms of anxiety compared to no
symptoms of anxiety (28% vs. 14%), thus, patients reporting symp-
toms of anxiety had either not (yet) been diagnosed with anxiety or
the treatment they were receiving was insufficient. The under-
recognition and under-treatment of mood disorders in somatic
patients have previously been documented.36 A large study initiated
by the World Health Organization documented that only 31% of
patients recognized as ‘anxious’ received appropriate psychotropic
treatment. The willingness to prescribe psychotropic medication was
hypothesized to be influenced by diagnosis, patient age and gender,
comorbidity (and severity), and the number of spontaneous psycho-
logical complaints.37

Our study shows that patients reporting symptoms of anxiety
were significantly more likely to redeem a prescription for psycho-
tropic medication, which suggests that patients act on the symptoms
and seek help, however, as we do not in this study have any follow-
up measurement of anxiety, it cannot be determined whether the
use of psychotropic medication reduced the symptoms of anxiety.

Differences exist between patients who use psychotropic medica-
tion and patients who do not, since the two groups seem very differ-
ent in terms of their anxiety score (21% vs. 43% of patients scored >_8
on HADS-A among non-users and users) and mortality (2% vs. 4%, re-
spectively). Hence, the association between symptoms of anxiety and
mortality should probably be attributed to the underlying mental illness
rather than the use of psychotropic medication. There is a considerable
risk of confounding by indication in this study. Being prescribed with a
psychotropic drug is an expression of mental morbidity, which might in
itself constitute an increased risk of mortality. Therefore, it cannot be

Total population discharged from a heart 
centre in the project period

(n=34,564)

Excluded (n=9,323): 
• Not able to participate due to illness (n=926)
• Not able to participate due to language barrier (n=578)
• Diagnostic group too small (n=1,209):
• Congenital heart disease (n=333)
• Infectious heart disease (n=608)
• Heart transplant (n=268)
• Diagnoses unclear or not relevant in the present analyses (n=6,610):

• Observation for heart disease (n=5,609)
• Other diagnoses (n=1,001)

Non-responders (n=11,778):
No returned questionnaire (n=8,090) 
Returned non-completed questionnaire: 
• Did not want to participate (n=1,413)
• Questionnaire not handed out (n=1,629)
• Returned blank questionnaire (n=259)
• Other reason (not specified) (n=387) 
No or incomplete response to HADS (n=2,637)

Patients with complete response to HADS
(n=12,926)

Eligible patients
(n=25,241)

Lost to follow-up (n=13)

Included in analyses 
(n=12,913)

Figure 1 Flow-chart.
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.. concluded that the increased mortality risk found among users of psy-
chotropic medication can solely be attributed to the use of that medi-
cation. Rather, it might be part of the explanation, which is most likely
attributable to the underlying mental illness.

Strengths and limitations
The study included a large sample of cardiac patients with ischaemic
heart disease, arrhythmias, heart failure, and heart valve disease
reporting symptoms of anxiety by a subjective measure and exposure
by an objective measure of the use of psychotropic medication. This
adds to the existing body of evidence of the association between the
use of psychotropic medication and mortality, which has previously
been focused on patient groups other than cardiac. Symptoms of
anxiety were for this study measured by HADS at hospital discharge.
The addition of patient-reported symptoms of anxiety provides an
even more nuanced picture of the association. However, multiple
possible factors may affect patients’ self-reported mental health at
discharge. A repeated follow-up assessment of symptoms of anxiety
would have provided validation of the classification of anxiety.

In this study, we used an objective measure of the use of psycho-
tropic medication as information on redeemed prescriptions from
the DNPR. We defined users of psychotropic medication by a
redeemed prescription up to 6 months prior to hospital admission
for the main analysis. Thus, there is a risk of misclassification of the
definition of users, since we cannot be certain that the patients classi-
fied as users were current users. Furthermore, by including prevalent
users of psychotropic medication, not taking into account, the fact
that risk varies over time, there is a risk of selection bias, and addition-
ally, the covariates defined at study entry might be influenced by the
use of psychotropic medication. However, the validity of the registers
used in this study is high and secured through quality control routines
and clinical verification. Information from the registers was collected
independently from the outcome examined and without relying on
the participants’ memories or adherence, thus the registers furnished
the study with overall very reliable and valid data limiting both selec-
tion- and information bias.30,38,39 In the DNPR, data on indication for
use is not available. Certain types of psychotropic medication, e.g.
benzodiazepines-like drugs, are not prescribed only with mental ill-
ness as an indication, which might lead to information bias in this

.................................................................................................

Table 1 Demographics of 12 913 patients with heart
disease who participated in the DenHeart survey, April
2013 to April 2014

Users

n 5 2335 (18)

Non-users

n 5 10 578 (82)

P-

valuea

N (%) N (%)

Sex <0.0001

Female 1023 (26) 2872 (74)

Male 1312 (15) 7706 (85)

Age

Mean (SD) 67.5 (11.4) 64.9 (12.3) <0.0001

<_49 152 (11) 1206 (89) <0.0001

50–59 388 (16) 1969 (84)

60–69 739 (17) 3528 (83)

70–79 737 (20) 2901 (80)

80–89 294 (24) 914 (76)

90þ 25 (29) 60 (71)

Diagnosis <0.0001

Ischaemic heart

disease

1226 (18) 5658 (82)

Valvular heart

disease

176 (19) 748 (81)

Arrhythmia 714 (17) 3445 (83)

Heart failure 219 (23) 727 (77)

Smoking (Daily)b <0.0001

Yes 376 (23) 1288 (77)

No 1895 (17) 9104 (83)

Obesity (BMI >_ 30)c 0.0182

Yes 567 (19) 2437 (81)

No 1553 (17) 7588 (83)

High alcohol intake (>national sensible drinking limits)d 0.1034

Yes 184 (20) 759 (80)

No 1898 (17) 9005 (83)

Marital status <0.0001

Married 1329 (16) 7029 (84)

Divorced 394 (23) 1346 (77)

Widowed 417 (27) 1134 (73)

Unmarried 195 (15) 1069 (85)

Educational levele <0.0001

Higher 488 (16) 2545 (84)

Upper secondary

or vocational

966 (17) 4675 (83)

Basic 819 (21) 3135 (79)

Tu index Ontario AMI mortality prediction rules <0.0001

0 684 (13) 4626 (87)

1 800 (18) 3605 (82)

2 486 (23) 1603 (77)

3þ 365 (33) 744 (67)

Charlson comorbidity index <0.0001

0 741 (12) 5235 (88)

1 575 (19) 2531 (81)

2 439 (24) 1414 (76)

3þ 580 (29) 1398 (71)

Continued

.................................................................................................

Table 1 Continued

Users

n 5 2335 (18)

Non-users

n 5 10 578 (82)

P-

valuea

Anxiety

HADS-A >_ 8 1133 (28) 2952 (72) <0.0001

HADS-A mean (SD) 7.6 (4.4) 5.4 (4.0) <0.0001

Stratified by the use of psychotropic medication in the 6 months before hospital
admission.
av2 test for categorical variables and Student’s t-test for continuous variables.
bn = 250 had missing information.
cn = 768 had missing information.
dn = 1067 had missing information.
en = 285 had missing information.
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..study. Furthermore, information on adherence is not available from
the DNPR, which again might lead to misclassification of users.28

As mental illness is both underrecognized and undertreated in
non-psychiatric settings,40 we expect that the true incidence was
underestimated in both exposed and unexposed cardiac patients,
which might have resulted in an underestimation of the associations.

Self-reported survey-based data are not objective and thus, bias
may exist. In self-reporting of e.g. physical activity, alcohol consump-
tion, smoking and weight, underreporting or social desirability bias
can occur, as respondents omits answering or answer according to
what they believe is socially acceptable.41 To ensure transparency
regarding this, all missing data has been reported for each variable.

This study does not distinguish between patients with known heart
disease and newly diagnosed patients, which might bias the findings. It
could be expected that newly diagnosed patients might experience
pronounced symptoms of anxiety since they have not yet had the
time to process the reality of their diagnosis and have not yet under-
stood the consequences for their life in general.

Implications for practice
A direct causative link between the use of psychotropic drugs and
mortality is difficult to prove. However, the association between the
use of psychotropic medication and poor outcomes has been
reported from various sources21,42–44 and the risk needs to be taken
seriously in daily clinical practice including patients with heart disease.

Additionally, since physical disorders are more prevalent in people
with severe mental illness, compared to the general population, at
least in part due to lifestyle or preventable risk factors,45,46 attention
is required to reduce the risk of physical disorders among patients
with mental illness.

For clinicians, detection of mental disorders and the use of psycho-
tropic medication in cardiac patients are important, since it may affect
overall outcomes. Early and appropriate referral to mental health
providers may aid in decision-making regarding the prescription of
appropriate psychotropic medication that is safe and compatible with
treatment for their heart disease.

• Detection of mental disorders and the use of psychotropic medi-
cation in cardiac patients are important, since it may affect overall
outcomes.

• A possible link between the use of psychotropic drugs and mortal-
ity needs to be taken seriously in daily clinical practice of patients
with heart disease.

• Attention is required to reduce the risk of physical disorders, like
cardiac disease, among patients with mental illness.

Conclusions

The use of psychotropic medication was found to be associated with
higher mortality for the total included cohort of cardiac patients.
Higher prevalence of use of psychotropic medication was found

.................................................................................................

Table 2 Distribution of the use of psychotropic medi-
cation prior to hospital admission among patients with
a HADS-A score �8 and <8

HADS-

A�8

n 5 1133

HADS-

A < 8

n 5 1202

Total

n 5 2335

Drug group N (%) N (%) N (%)

Antidepressants 665 (59) 625 (52) 1290 (55)

Benzodiazepines

and benzodiazepine-like

804 (71) 781 (65) 1585 (68)

Antipsychotics 114 (10) 78 (6) 192 (8)

Combi1 357 (32) 230 (19) 587 (25)

Combi2 88 (8) 43 (4) 131 (6)

Combi3 62 (5) 36 (3) 98 (4)

Combi4 47 (4) 19 (2) 66 (3)

Antidepressants, including Selective Serotonin Reuptake Inhibitors (SSRI),
Tricyclic Antidepressants (TCA), and Serotonin–norepinephrine reuptake inhibi-
tor (SNRI).
Antipsychotics, including first (FGA) and second-generation antipsychotics
(SGA).
Combi1, combination therapy including Antidepressants and Benzodiazepines
and benzodiazepine-like drugs.
Combi2, combination therapy including Antidepressants and antipsychotics.
Combi3, combination therapy including Benzodiazepines and benzodiazepine-like
drugs and antipsychotics.
Combi4, combination therapy including Antidepressants, Benzodiazepines, and
benzodiazepine-like drugs and antipsychotics.

.....................................................

..................... ......................

.................................................................................................

Table 3 Associations between the use of psychotropic
medication, anxiety symptoms, and all-cause mortality
1 year after hospital discharge

Mortality

Model 1a Model 2b

ORc (95% CI) OR (95% CI)

Use of any psychotropic medication

Yes 2.63 (2.11–3.28) 1.90 (1.46–2.46)

No 1.00 (reference) 1.00 (reference)

HADS-A

>_8 1.53 (1.24–1.89) 1.81 (1.42–2.31)

<8 1.00 (reference) 1.00 (reference)

Use of psychotropic medication and HADS-Ad

Users of psychotropic

medication

2.49 (1.99–3.11) 1.73 (1.33–2.26)

Non-users 1.00 (reference) 1.00 (reference)

HADS-A >_ 8 1.31 (1.05–1.63) 1.67 (1.30–2.14)

HADS-A < 8 1.00 (reference) 1.00 (reference)

aCrude.
bAdjusted for age, sex, cardiac diagnosis, comorbidity (Tu-index), smoking, BMI,
educational level, and marital status.
cOR = odds ratio.
dBoth the crude and fully adjusted model include HADS-A and use of psycho-
tropic medication.
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..among cardiac patients reporting symptoms of anxiety. The use of
psychotropic medication might partially explain the higher mortality
among cardiac patients with symptoms of anxiety. However, the
higher mortality among cardiac patients with symptoms of anxiety
could be attributable to an underlying psychiatric illness rather than
the use of psychotropic medication.
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