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Introduction

A large share of patients with ischaemic heart disease 
(IHD) suffer from anxiety, depression or both (AD), 
some studies find that up to a third of IHD patients 
have symptoms of AD [1-4]. Studies show that these 
patients are at increased risk of dropout from cardiac 
rehabilitation [3,5], have more difficulty returning to 
work [6], and are at higher risk of morbidity and 
mortality [1,2]. Despite these increased risks, few 
IHD patients with symptoms of AD received ade-
quate psychological or medical treatment.

Danish national guidelines, guidelines of the 
European Society of Cardiology, and the American 
Heart Association recommend that patients with a 
diagnosis of IHD are systematically screened for 
symptoms of AD [7-9]. National clinical guidelines, 
issued by the Danish Health Authority in 2013 and 
updated in 2015, recommend that patients with IHD 
– as part of cardiac rehabilitation (CR) – should be 
screened for symptoms of AD using a validated ques-
tionnaire, for example, the Hospital Anxiety and 
Depression Scale (HADS) [10]. The guidelines rec-
ommend that all patients should be informed about 
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the results of their screening test, and in the case of a 
positive screening – a HADS score ⩾8 on either anx-
iety, depression, or both – patients are encouraged to 
contact their general practitioner (GP) for diagnostic 
assessment, and to seek further treatment if needed.

To support the implementation of screening for 
AD in the CR setting, a manual was developed to 
ensure that the screening procedure would be system-
atic. The manual was disseminated in 2016 to hospi-
tals and municipalities through the Danish Heart 
Association, alongside short videos explaining the 
background, potential barriers and advantages of the 
systematic screening process [11]. The actual screen-
ing process is usually conducted by CR nurses at the 
starting point of the CR programme.

In Denmark, CR is offered by the regions as part 
of the publicly funded health care system. Formally, 
CR is offered to all patients with IHD that may ben-
efit from rehabilitation. CR may be initiated at the 
hospital, however, currently in Denmark CR is 
increasingly becoming the responsibility of the 
municipalities, thus, procedures for referral and invi-
tation to CR might vary across the country.

The aim of the present study was to investigate the 
effect of the screening programme for AD on patients 
with IHD and its effect on the likelihood of receiving 
treatment for elevated symptoms of AD 12 months 
after the screening procedure.

Methods

Data and population

The study was based on a retrospective nationwide 
cohort study of all patients aged 18 and above admit-
ted to hospital with a diagnosis of IHD between 
January 2015 and December 2018, without any IHD 
hospitalisation within the past 12 months. A diagno-
sis of IHD was identified through the Danish 
National Patient Register in the period January 2015 
to December 2018 using ICD-10 diagnostic codes 
(I20, I21,I23 I24, I25 as the main diagnosis or I21, 
I240, I248, I249 as a secondary diagnosis in combi-
nation with emergency admission).

Information on primary care utilisation and pre-
scription of psychotropics was obtained from the 
Danish National Health Service Register and the 
Danish National Prescription Register, respectively. 
IHD patients were offered CR, which was initiated 
about 2–6 weeks after discharge for those who wished 
to participate. Screening for AD normally takes place 
at the onset of CR, however local variations may occur. 
Information on CR and the result of the screening 
process (i.e. HADS scores) were obtained from the 
Danish Cardiac Rehabilitation Database (DHRD) 

[12,13]. Registration of conducted screening was 
mandatory, while registering the actual score resulting 
from the screening was discretionary. Information on 
comorbidities were derived from the Danish National 
Patient Register. Information on sociodemographic 
variables was derived from the following registers in 
Statistics Denmark: the Population Register, the 
Income Register, and the Education Register.

Danish register data have high validity [14,15] 
and can be merged using the personal identification 
numbers. The data set was subject to neglective miss-
ing variables. The study was approved by the legal 
office at the University of Southern Denmark (refer-
ence number 10.302).

Dependent variable/primary endpoint

Use of AD treatment was measured by following the 
patients up to 12 months after their IHD diagnosis. 
We constructed an aggregate composite binary indi-
cator for any AD treatment, including GP prescrip-
tions of drugs used for the treatment of AD (ATC 
codes: N05B, N06A), GP counselling for AD, or GP 
referral to a psychologist.

Exposure variable

We used a binary indicator for whether the patient 
was screened with HADS. The screening test was 
provided only to a subgroup of IHD patients who 
were enrolled on a CR programme at the hospital. 
Only 37.3% of the IHD patients in our study were 
enrolled on a CR programme according to DHRD 
data. The share of patients screened varied across 
hospitals and over time consistent with the resources 
and effort allocated to the implementation of the 
programme by the respective hospitals.

Statistical analysis

Two distinct analyses were carried out. First, we inves-
tigated which patient characteristics predicted selec-
tion into the screening programme. This was analysed 
with a linear probability model with age, gender, living 
alone, national origin, income bracket, education, and 
comorbidity as independent variables.

Second, we examined the association between 
exposure to screening and the subsequent probability 
of treatment for AD. A rich set of confounder varia-
bles were included: age, gender, socioeconomic sta-
tus (income, education, living alone, unemployed), 
comorbidity measures (Charlson Comorbidity Index 
score [16], history of diabetes, atrial fibrillation, heart 
failure and history of treatment for AD). GP fixed 
effects were included, and standard errors were 
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clustered at the GP level to allow for the potential 
confounding effect of the GP and the potential cor-
relation of patients registered in the same GP prac-
tice. For instance, differences in GP propensity to 
prescribe drugs to treat AD or refer patients to a psy-
chologist might have had a direct effect on the study 
outcome. In the present study, linear probability 
models were preferred to logistic regressions as the 
latter suffer from the incidental parameter problem 
when applying fixed effects [17], and estimated coef-
ficients are directly comparable with instrumental 
variable (IV) models.

The effect of screening captured by our linear 
probability model might have been affected by 
selection bias not captured by the included con-
founder variables or the fixed effects. For instance, 
hospital doctors may have been more likely to screen 
patients who showed symptoms of AD, resulting in 
a positive association between screening and AD 
treatment. As a robustness check we estimated an 
IV model with the proportion of patients screened 
at the hospital as an instrument for the probability 
of screening a patient. The validity of the IV model 
relied on two conditions: the share of patients 
screened at the hospital (i.e. the instrument) must 
be a strong predictor of the probability of screening 
a patient (i.e. the instrumented variables) and also it 
must have no direct effect on the probability of tak-
ing AD treatment (i.e. the dependent variable). Our 
instrument satisfied both conditions as the share of 

patients screened at hospital was likely to depend on 
the total resources allocated to IHD patients and 
the administrative decisions taken by hospital man-
agement, rather than by potentially unmet needs for 
AD treatment in IHD patients treated at hospital, as 
the latter are usually unknown. The strength of the 
instrument in predicting the probability of being 
screened was formally assessed by an F-test of the 
first stage regression obtaining an F-score >10, 
which indicates sufficient strength to ensure validity 
of the IV approach. Further validation of the IV 
approach is available upon request. We used Stata/
SE v.16 for all analyses.

results

The final study population included 80,701 patients; 
30,104 patients (37%) were enrolled on a CR pro-
gramme, of which 20,461 (25% of the IHD popula-
tion or 68% of the CR population) were exposed to 
screening for AD. The characteristics of the total 
IHD population, the CR population, and the 
screened population are presented in Table I. The 
proportion of patients screened varied across hospi-
tals and over time.

Within 12 months from their diagnosis, 3.1% of 
patients had received treatment for anxiety and/or 
depression. Of all patients, about 25% were screened 
for AD during our study period. The screened patients 
represented a subgroup of the patients enrolled in the 

Table I. Descriptive statistics for the total IHD population (N = 80,701) over the period 2015–2018.

Variable Total IHD population CR population Screened population

Potential confounder variables 95% confidence 
interval

95% confidence 
interval

95% confidence 
interval

Age, mean 66.52 (66.47; 66.58) 64.29 (64.20; 64.38) 64.09 (63.98; 64.20)
Charlson Comorbidity Index, mean 1.02 (1.01; 1.03) 0.77 (0.76; 0.78) 0.74 (0.73; 0.75)
Non-Danish origin, percent 10.2% (0.10; 0.10) 9.3% (0.09; 0.10) 8.5% (0.08; 0.09)
Low education, percent 31.6% (0.31; 0.32) 26.6% (0.26; 0.27) 25.4% (0.25; 0.26)
Living alone, percent 30.8% (0.30; 0.31) 25.4% (0.25; 0.26) 24.9% (0.24; 0.25)
Low income, percent 6.5% (0.06; 0.07) 3.8% (0.04; 0.04) 3.5% (0.03; 0.04)
Unemployed at index date, percent 2.8% (0.03; 0.03) 2.9% (0.03; 0.03) 2.8% (0.03; 0.03)
Anxiety and depression treatment before index date, percent 2.5% (0.02; 0.03) 2.3% (0.02; 0.03) 2.4% (0.02; 0.03)
Cardiac comorbidity – arterial fibrillation, percent 8.1% (0.08; 0.08) 5.0% (0.05; 0.05) 5.0% (0.05; 0.05)
Cardiac comorbidity – heart failure, percent 7.1% (0.07; 0.07) 3.1% (0.03; 0.03) 2.7% (0.02; 0.03)
Diabetes, percent 10.4% (0.10; 0.11) 8.6% (0.08; 0.09) 7.9% (0.08; 0.08)
Gender – male, percent 72.6% (0.72; 0.73) 77.0% (0.77; 0.77) 77.2% (0.77; 0.78)
Endpoint  
Anxiety and depression treatment at 12 months, percent 3.1% (0.03; 0.03) 2.6% (0.02; 0.03) 2.4% (0.02; 0.03)
Exposure  
Screening for anxiety or depression 25.4% (0.25; 0.26) 68.0% (0.67; 0.68) 100.0% (1.00; 1.00)
Cardiac rehabilitation 37.3%  
Total 80,701 30,104 20,461  

Note: Binary variables are reported as percentages and continuous variables as means. Patients younger than 30 were excluded. Low income is defined by the 
10th percentile for the total Danish population. Low education is defined as having completed primary school as the longest education. Anxiety and depres-
sion treatment is defined as a composite binary measure of GP counselling, prescriptions for anxiolytics and anti-depressants or treatment by a psychologist. 
The 95% confidence intervals were calculated around the mean using the ci function in Stata, assuming a binomial distribution of data except for age and the 
Charlson Comorbidity Index where a poisson distribution was assumed.



4  M. Kruse et al.

CR programme, as screening was delivered as part of 
the programme. The average age of all IHD patients 
was 66.5 years, 72.6% of the patients were male, and 
the average Charlson Comorbidity Index score in his-
torical admissions was 1.02 (range 0–22). Previously, 
8.1% had received atrial fibrillation, 7.1% had experi-
enced heart failure, and 10.4% had diabetes, according 
to their hospital records. With respect to socioeco-
nomic characteristics, 30.8% were living alone, 2.8% 
were unemployed, and 6.5% had a low income, defined 
as being among the 10% with the lowest income in 
Denmark. Of the screened patients, 31.6% had pri-
mary school as their highest educational achievement 
(low education). Of all patients, 10.2% had a national 
origin other than Denmark.

Figure 1 shows the variation over time in the per-
centage of patients receiving treatment for AD against 
the variation in the share of patients screened with 
HADS using calendar quarters as time units. Despite 
the rapid increment in the share of patients screened, 
the trend in treatment use remained quite flat, show-
ing no time correlation with the former.

Table II shows the results of the linear regression 
model estimating the probability of receiving screen-
ing for AD. Patients aged 60–69 were more likely to be 
screened than younger or older patients (p < 0.001). 
Men had a higher probability of being screened (con-
ditional change in probability 0.17 (0.13; 0.21), p < 
0.001). Several indicators of deprived socioeconomic 
status were associated with a lower probability of 
screening: people living alone (conditional change in 
probability −0.20 (−0.24; −0.16), p < 0.001), people 
of an ethnic origin other than Danish (conditional 
change in probability −0.31 (−0.37; 0.25), p < 0.001), 
people with low education (conditional change in 
probability −0.16 (−0.20; −0.13), p < 0.001), and 

people with a low income (conditional change in prob-
ability −0.67 (−0.76; −0.59), p < 0.001). Except for 
diabetes, which was not statistically significant, all 
comorbidities impacted negatively on the probability 
of screening: Charlson Comorbidity Index (condi-
tional change in probability −0.9 (−0.10; −0.07), p < 
0.001), atrial fibrillation (conditional change in prob-
ability −0.29 (−0.37; −0.22), p < 0.001), and heart 
failure (conditional change in probability −0.82 
(−0.92; −0.72), p < 0.001).

Table III reports the effect of screening for AD on 
the probability of receiving AD treatment, estimated by 
our statistical models. Columns 1–3 report the results 
from three different specifications of the linear proba-
bility model including an increasingly larger set of 
covariates. Column 1 includes the minimum set of 
covariates in order to capture the full association 
between screening and treatment. Column 2 includes 
controls for socioeconomic characteristics. Column 3 
adds controls for GP fixed effects. Column 6, which 
includes the results of IV model, displays similar results 
to Column 3. Remarkably, the effect of screening on 
treatment was very small (conditional change in prob-
ability less than 1%, p < 0.01) and negative across all 
model specifications, showing that patients exposed to 
screening were less likely to obtain treatment than 
patients who were not screened. Different models pro-
duced similar predictions in terms of the patient char-
acteristics associated with treatment: male patients and 
patients living alone were less likely to receive treat-
ment. Among the socioeconomic characteristics exam-
ined, low income was negatively associated with 
treatment after controlling for GP fixed effects, sug-
gesting that patients with a low income were less likely 
to receive treatment. Other characteristics, such as 
education, unemployment, and marital status were not 
associated with the treatment in any of our model spec-
ifications. Finally, our fixed effect model (Model 3) 
showed that around 12% of the total variance in treat-
ment could be explained by variation at the level of the 
patient’s GP. This suggests that GPs might play an 
important role in whether a patient is offered and 
agrees to engage in treatment, although the patient has 
to take the first step and contact their GP for advice.

Table IV focuses on treatment for the screened 
population only. Patients that are screened receive an 
AD score that indicates the need for treatment. 
Scores above 7 usually indicate a need for treatment. 
About half of the screened population had no regis-
tered HADS score, hence Table IV only comprises 
11,979 patients.

Table IV shows that 156 (6%) of the 2563 screened 
patients with a HADS >8 received treatment for AD, 
although treatment guidelines recommend otherwise. 

Figure 1. Time trends in rehabilitation, anxiety and depression 
screening and 12-month anxiety and depression treatment.
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In comparison, around 1% of the patients with a 
HADS score below 8 (i.e. 140 out of 9416) actually 
received treatment for AD.

Discussion

In the current explorative retrospective cohort study 
of a population of patients with IHD referred for CR, 

we examined the effect of screening for AD on the 
likelihood of receiving treatment for AD, defined as 
prescriptions of AD drugs, GP counselling, or refer-
ral to a psychologist. Of the total CR population, a 
subsample of 68% was screened and received their 
test result. We found no evidence that screening for 
AD and providing patients with their test result as 
well as a recommendation to see their GP increased 

Table II. Regression on the probability of being exposed to screening for anxiety and depression. N = 80,701.

Dependent variable: Anxiety and 
depression screening

Regression 
coefficient

p-value CI lower CI upper

Age -49 −0.10 0.0010 −0.1602 −0.0388
Age (50–59) −0.08 0.0030 −0.1275 −0.0255
Age (60–69) (reference)  
Age (70–79) −0.06 0.0100 −0.1041 −0.0138
Age (80 -) −0.76 0.0000 −0.8297 −0.6890
Gender – male 0.17 0.0000 0.1311 0.2099
Living alone −0.20 0.0000 −0.2398 −0.1628
Ethnicity other than Danish −0.31 0.0000 −0.3711 −0.2537
Low income −0.67 0.0000 −0.7593 −0.5870
Low education −0.16 0.0000 −0.2024 −0.1259
Unemployed 0.00 0.9630 −0.1086 0.1035
Charlson Comorbidity Index −0.09 0.0000 −0.1022 −0.0689
Cardiac comorbidity – atrial fibrillation −0.29 0.0000 −0.3675 −0.2208
Diabetes 0.02 0.4920 −0.0442 0.0920
Cardiac comorbidity – heart failure −0.82 0.0000 −0.9177 −0.7233
Constant −0.59 0.0000 −0.6460 −0.5326

Note: Low income defined by the 10th percentile for the total Danish population. Low education is defined as having completed primary school as the longest 
education.

Table III. Regression on the probability of using mental health treatment after an IHD diagnosis. N = 80,701, number of GPs = 2,115. 

Dependent variable: Anxiety and depression 
treatment 12 months after IHD diagnosis

Linear probability IV¶

 1 2 3 4

Anxiety and depression screening −0.0076*** −0.0059*** −0.0061*** −0.0067***
Age -49 0.0057* 0.0076* 0.0089*** 0.0078*
Age (50–59) 0.0037* 0.0045* 0.0044* 0.0043*
Age (60–69) (reference) – – – –
Age (70–79) 0.0001 −0.0014 −0.0008 −0.0014
Age (80 -) 0.0104*** 0.0079* 0.0085*** 0.0078*
Gender – male −0.0089*** −0.0101*** −0.0104*** −0.0101***
Living alone −0.0036* −0.0032* −0.0035*
Ethnicity other than Danish 0.0033 0.0056* 0.0033
Low income −0.0046 −0.0058* −0.0044
Low education 0.0004 0.0001 0.0003
Unemployed 0.0004 0.0035 0.0007
Charlson Comorbidity Index 0.0072*** 0.0074*** 0.0072***
Cardiac comorbidity – atrial fibrillation 0.0122*** 0.0117*** 0.0122***
Diabetes −0.0019 −0.0019 −0.0021
Cardiac comorbidity – heart failure −0.0028 −0.0027 −0.0028
Constant 0.0348*** 0.0312*** 0.0313*** 0.0315***
Standard errors clustered at GP level Yes Yes Yes Yes
GP Fixed effect No No Yes No
GP random effects No No No No
Rho 0.12  

Note: Low income defined by the 10th percentile for the total Danish population. Low education is defined as having completed primary school as the longest 
education.

¶ The share of patients screened at the hospital treating the patients. IHD index diagnosis was used as an instrument. ***p < 0.01, **p < 0.05, *p < 0.1.
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the likelihood that they would receive treatment for 
AD. The proportion of patients receiving treatment 
remained unchanged during the first 2 years of the 
implementation of the screening programme; we 
found no association between screening and treat-
ment in our statistical models in the early phase of 
introducing the screening programme based on 
national clinical guidelines. Moreover, only 6% of 
screened patients with a HADS AD score ⩾8 (i.e. the 
recommended threshold for treatment) received 
treatment against an average of 3% in the total IHD 
population and 1% in the screened population with 
HADS <8. This suggests that only a small percent-
age of CR staff and/or patients acted on the informa-
tion provided by an elevated HADS score. Possible 
explanations could be that patients were not suffi-
ciently encouraged to act by health care profession-
als, or they did not have sufficient energy and 
motivation to contact their GP when suffering from 
AD. It is also possible that the GP did not react ade-
quately in terms of prescribing treatment, corre-
sponding to our findings that 12% of the variation in 
the probability of taking up AD treatment could be 
explained at the GP level. This finding could also 
relate to a possible shortcoming in the HADS score, 
being a generic tool and thus not specifically targeted 
at IHD patients [18].

The relatively small share of patients being treated 
for AD suggests that extending the screening pro-
gramme to cover a larger percentage of the popula-
tion is unlikely to be a sufficient measure in itself to 
ensure that a large proportion of patients who screen 
positive actively receive treatment. Hence, these 
findings point to the relevance of implementing 
automatic referral – based on joint decision making 
with the patient and including the HADS score as 
well as other relevant assessments – from CR to psy-
chological treatment, as well as indicating the poten-
tial for integrating treatment for AD in the CR 
setting, as is the case for patient education, physical 
training, and risk factor management. With this 
approach, the implicit message to patients is that 
treatment of both the underlying somatic condition 
and their psychological challenges – heart and mind 

– matter and are considered equally important [19]. 
At least the evidence is clear that AD is associated 
with increased risk of morbidity and mortality 
[20,21] and also with increased costs, as a patient 
with IHD and comorbid depression costs society 
33% more than a patient with IHD alone [22]. In 
addition, several behavioural and physiological 
mechanisms have been identified, providing plausi-
ble links for how psychological distress, such as AD, 
may lead to adverse outcomes in patients with IHD 
[3].

Moreover, we found evidence that screened 
patients constituted a very small sample (25%) of the 
population of IHD patients, and had different char-
acteristics than the IHD patients receiving treatment 
for their AD. This suggests that patients who are at 
high risk of AD might not be captured by the current 
AD screening and CR programme. At present, AD 
screening is designed to reach patients enrolled in 
CR only, which may be a selected sample of the total 
IHD population. Such a selection criterion might fil-
ter out less motivated patients who might be at higher 
risk of AD, thus defeating the purpose of the screen-
ing programme [23].

Limitations and strengths

The results of the current study should be interpreted 
with the following limitations in mind. We had no way 
of verifying whether all patients are informed about 
their screening results, only that the screening test has 
been performed. Since DHRD is a new quality regis-
ter that was implemented during the start of the study 
period, there might have been a gap between the 
actual- and registered proportion of screened patients. 
The organisation of CR, registration practices, and 
compliance with practices may have differed substan-
tially between hospitals, leading to large heterogeneity 
in the register. In addition, screening might not have 
been conducted systematically at all hospitals, despite 
being registered as such, and therefore we expected a 
minor attritition for screening among those in CR. 
Some patients might have received psychological 
treatment through, for example, private health  

Table IV. Anxiety and depression treatment status for screened IHD patients by HADS score.

Screened population anxiety and 
depression score <8

Screened population anxiety and 
depression score ⩾8

 

Receiving no treatment for anxiety and depression 9276
(99%)

2407
(94%)

11,683
(98%)

Receiving treatment for anxiety and depression 140
(1%)

156
(6%)

296
(2%)

Total 9416
(100%)

2563
(100%)

11,979
(100%)

Note: In patients where the a HADS score has been registered.
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insurance or have paid for it themselves, which is not 
identifiable in the national registers.

The strengths of the study included the rich data 
set where administrative-, clinical- and socioeco-
nomic data were linked at the individual patient level. 
In addition, because we relied on national register 
data for this analysis, we anticipated little attrition, 
although it could not be ruled out entirely. 
Furthermore, we obtained a precise estimate of com-
pliancewith the screening and CR services. Further, 
we were able to estimate the impact of the patients’ 
GPs on the propensity for treatment. This was a 
major strength because normally this GP effect 
would be attributed to the patient.

conclusion

In conclusion, we conducted a nationwide study of 
screening for AD in a cohort of IHD patients, and 
found evidence of selection into screening at the 
patient level, indicating that patients at lower risk of 
AD had a higher probability of being screened. 
Hence, an extension of the screening effort to cover a 
larger proportion of the population might not be suf-
ficient to achieve a noticeable increase in the use of 
AD treatment, if the reverse selection into screening 
is not addressed.
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