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Introduction: Medical risk factors and psychological distress are important

targets for secondary prevention of coronary heart disease (CHD). The

multicenter randomized controlled TEACH study is the first trial testing a

blended collaborative care (BCC) intervention vs. usual care in a cohort of only

patients with CHD. The current manuscript analyzes the availability of distressed

CHD patients for a BCC intervention trial and the baseline risk profile of the

randomized cohort, especially focusing on sex differences.

Methods: Hospitalized CHD patients with positive HADS and/or PSS-4 screening

were rescreened three months later and those still distressed were offered

participation in the RCT if they had insufficiently controlled medical risk factors

(smoking, physical inactivity, elevated blood pressure, LDL cholesterol, and/or

HbA1c). The current manuscript describes the TEACH screening process and

presents baseline data of the randomized cohort.
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Results: Of 2,785 screened patients, 457 patients with persistent distress and

insufficiently controlled risk factors were randomized. Older age and lower distress

but not sex independently predicted dropout before randomization. In the

randomized cohort (mean age 62.9 ± 9.5 years, 77.4% men), women were older

thanmen (p=0.025), more likely to be retired (52.4% vs. 38.6%; p=0.012) and to live

without a partner (48.6% vs. 24.8%, p<0.001). Compared to men, they had lower

diastolic blood pressure (p=0.003) but higher rates of physical inactivity (56.0% vs.

41.8%; p=0.012) and positive family history of premature atherosclerotic disease

(45.7% vs. 29.8%; p=0.009). They also had a lower rate of previous coronary bypass

surgery (21.0% vs. 39.2%, p<0.001). A mental disorder had been diagnosed in 54%

of all randomized patients and 42% had previously received mental health

treatment, both reported substantially more frequently by women than men

(both p<0.001). Satisfaction with care before the trial did not differ by sex but

was far lower for psychosocial care than for treatment of heart disease (p<0.001).

Discussion: TEACH enrolled a patient sample with persisting distress and a typical

risk factor profile. Women differed from men in relevant aspects of their RF

profiles and mental health and should receive special attention in future analyses

and treatment planning for patients with CHD.

Clinical Trial Registration: German Clinical Trials Register, https://drks.de/

search/de/trial/DRKS00020824, identifier DRKS00020824.
KEYWORDS

coronary heart disease, cardiovascular risk factors, psychological distress, blended
collaborative care, sex differences
GRAPHICAL ABSTRACT

Sex differences in biopsychosocial risks of distressed CHD patients. Physical, psychological, and social risks contribute to poor quality of life. The spider
diagram shows significant sex differences in aspects of biopsychosocial risk as observed at baseline in the randomized sample of the multicenter TEACH
trial (n=457). White area: women; gray area: men. Scale applies to all variables with their respective units: DBP [mmHg], age [years], others [%].
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Introduction

Psychological distress, e.g. anxiety, depression or high perceived

stress and medical risk factors such as hypertension, hyperlipidemia,

diabetes, smoking and physical inactivity are important targets to

address in secondary prevention of coronary heart disease (CHD)

(1). While effective drug treatments are available for controlling blood

pressure, lipid and glucose levels, their effectiveness is limited by poor

adherence (2). Most psychological intervention studies in this area only

targeted individual risk factors, such as depression (3–5), stress

regulation (6, 7) or physical inactivity (8) without specifically

addressing other medical risk factors or treatment adherence. As

CHD prognosis depends on medical and psychological risk factors,

best effects should be expected from combined treatments for

psychological and medical risk factors. However, although

recommended by current guidelines (1), integrated treatments

simultaneously addressing psychological and medical risk in CHD

patients are scarce.

Blended collaborative care (BCC), combining patient-centered

support for both, physical and mental health problems, has been

shown in a first study to improve psychosocial and medical risk in

patients with diabetes/CHD (9). In that study, trained non-physician

care managers stayed in regular, proactive telephone-based contact

with primary care patients to support them in dealing with depressive

symptoms and implementing a healthy lifestyle in their daily routine.

During case review meetings, the care managers presented their

patients to an interdisciplinary specialist team who made evidence-

based treatment recommendations while the patients’ primary care

providers remained responsible for their treatment.

Based on the positive results, BCC has been tested under routine

conditions in the USA (10) but aside from a small German feasibility

study (11), to date no study has tested BCC in any patient group in

Europe, and to our knowledge no study has ever tested BCC in a cohort

of only CHD patients. Therefore, our randomized controlled TEACH

trial (Efficacy of team−based collaborative care for distressed patients in

secondary prevention of chronic coronary heart disease) examines the

effects of a 12-month telephone-based BCC intervention

complementing usual care (UC) in CHD patients with elevated

distress and at least one insufficiently controlled medical risk factor

vs. UC alone in seven German health centers (12). The trial

intervention is delivered by trained non-physician care managers. In

a first step, individual health goals are agreed upon between patients

and care managers and goal attainment is monitored and supported by

regular telephone contacts. Care managers hold regular case review

meetings with a specialist team consisting of a psychologist andmedical

specialists in cardiology and psychosomatic medicine, in order to

assure guideline-based treatment recommendations. However, the

patient’s treating physician (e.g., general practitioner or cardiologist)

remains in charge of making any medical treatment adjustments or

ordering additional tests. For details see (12). The main outcome is

disease-specific quality of life and secondary outcomes include

cardiovascular risk factors, medical events, psychological distress, and

treatment satisfaction.
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Results from some previous research suggest that responses to

psychosocial treatments tend to differ by sex [e.g., (13, 14)] and such

treatments should therefore specifically address different needs of

men and women [e.g., (15, 16)]. While BCC is strongly based on

individual patient preferences and treatment needs it is important

to sensitize care managers for typical sex differences in problem

areas and care needs, so that they can specifically enquire for such

issues during individual intervention planning and delivery.

The current manuscript addresses two main research questions:

First, it examines the effects of the stepwise screening and

enrollment algorithm developed for TEACH. In order for BCC to be

effective in a CHD sample, identification and selection of a patient

sample with both, high psychological distress and modifiable

cardiovascular risk factors is essential. A stepwise screening approach

was chosen to exclude patients with only transient distress related to

hospitalization (16). In addition, many patients in Germany receive

sufficient benefit from cardiac rehabilitation which is frequently offered

for 3-4 weeks after an acute cardiac event (12), so they may be

sufficiently treated with UC thereafter. Screening for insufficiently

controlled risk factors three months after hospitalization is also likely

to detect patients with ongoing problems in risk factor control.

Furthermore, it was of interest which factors can be identified to

influence dropout before randomization, in order to increase

awareness of the unavoidable selection biases associated with any

criteria-based enrollment procedure.

Second, we provide detailed descriptive baseline data of the

randomized patient cohort with a particular focus on sex differences

in sociodemographic, medical and psychological baseline data. This

information will be helpful for identifying research questions to study

in posthoc analyses of the TEACH dataset and for planning future

BCC or other psychosocial intervention trials in CHD patients.

Finally, the current analysis looks at satisfaction with the treatment

that our CHD patients received before enrollment in the RCT

assuming that treatment satisfaction will show needs for improvement.

Methods

TEACH is a multicenter, randomized controlled, confirmatory,

interventional trial conducted in accordance with the Declaration of

Helsinki. It has been approved by all ethics committees at the seven

participating University Hospitals in Göttingen, Cologne, Bonn,

Hannover, Homburg, Leipzig, and Mainz. Between August 2020

and April 2023, hospitalized patients aged 18-85 years with CHD

were screened for eligibility. To identify patients with persistent

psychological distress, we applied a stepwise consent, screening, and

enrollment procedure across two timepoints.
Eligibility screening

Screening 1
At participating centers, study personnel approached patients with a

suspected diagnosis of CHD who were hospitalized in departments of
frontiersin.org
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cardiology or cardiac surgery and gave their verbal consent to be

contacted: Patients were given a brief description of the study, and

signed the first written informed consent if they were interested in

participating. All patients were specifically informed that the RCT tested

an intervention to alleviate distress and cardiovascular risk burden.

Those who met all inclusion criteria (see (12) and Supplementary Table

1) were then screened for psychological distress with the Hospital

Anxiety and Depression Scale (HADS > 12) (17, 18) and the

Perceived Stress Scale 4 (PSS-4 >5) (19). For details see section on

assessments below. At those sites where routine distress screening had

already been established (Leipzig, Department of Cardiothoracic and

Vascular Surgery in Göttingen), only patients with elevated distress levels

were contacted. Furthermore, patients could also be included via self-

referral, if they had documented CHD and had been hospitalized within

the last 6 months.

In patients who were distressed at this first screening possible

inclusion and exclusion criteria were examined from patient records

and discharge letters. This included verification of CHD diagnoses

based on the criteria shown in Supplementary Table 1. Eligible

patients received a brief TEACH study brochure, and the hospital

physicians were informed about their elevated HADS/PSS-4 scores.

All data were entered into a GoodClinical Practice (GCP) compliant

database (secuTrial®), specifically programmed and configured for the

TEACH trial and regularly monitored for data quality.
Screening 2
Study recruiters contacted via telephone all eligible patients

from Screening 1 for a confirmative second study screening

(Screening 2) three months later. Only in those who reported

elevated HADS and/or PSS-4 scores we assessed the presence of

the following modifiable CHD risk factors based on European

Society of Cardiology (ESC) cardiovascular prevention guidelines

in force at the time of study inception (20):
Fron
1. Blood pressure ≥ 140/90 mmHg;

2. LDL cholesterol ≥ 70 mg/dl;

3. current smoking;

4. HbA1c ≥ 7.0%;

5. physical inactivity defined as < 150 min. of moderate or <

75 min of vigorous physical activity per week.
We then computed a composite medical risk factor score as a sum

(0-5) of the above mentioned insufficiently controlled CHD risk factors

(21). Patients who had a medical risk score ≥ 1 and continued to meet

all other eligibility criteria were invited to participate in the RCT.
Enrollment in RCT
After Screening 2 we administered in person our baseline

assessment to all eligible patients who signed a second written

informed consent, and after completion patients were randomized

in a 1:1 ratio to either UC or BCC. After randomization, study

personnel informed patients in the enrolling center and their

physician (primary care provider and/or cardiologist) via a letter

of their group assignment. Patients randomized to the intervention

group then received UC plus 12-months of phone-based BCC (12).
tiers in Psychiatry 04
Assessments

TheHADS (17) is a self-rating instrument for assessing anxiety and

depressive symptoms on 14 four-step Likert-scaled items, 7 of which

addressanxiety (sample item: “Worrying thoughtgo throughmymind”)

and 7 focus on depressive mood [sample item: “I look forward with

enjoyment to things” (inverted)]. Subscale scores range from 0 to 21,

with higher scores indicating higher symptom load. The total score

(range0-42)canbeusedasaglobalmeasureofdistress (18).TheGerman

HADS version has been validated in large samples of cardiac patients,

mainly with CHD and has shown to predict adverse prognosis in this

patient group (18). German population norms are also available (18). Its

reliability is comparable to the English version with Cronbach’s alpha

reported as 0.80 for the anxiety and 0.81 for the depression subscale (18).

Cronbach’s alpha for the total score was 0.87 in the current sample. A

cuff-off scoreof>12hasbeenused inprevious research [see e.g. (22)] and

was chosen here in order to identify even mild levels of distress.

The PSS-4 (19) is a brief assessment of perceived stress

consisting of 4 five-step Likert scaled items (range 0-16). The

German items were drawn from the published German version of

the PSS-10. In the German validation study (23), Cronbach’s alpha

of the PSS-10 was 0.84. Due to the smaller item number, alpha for

the PSS-4 was 0.65 in the current sample. Similar values have been

reported for the English PSS-10 and PSS-4 (24). PSS-4 values > 5

have been found prognostically relevant in CHD patients (25).

Patients were considered distressed if they scored above the cut-off

on either (or both) of the two scales (HADS > 12 and/or PSS-4 > 5).

At baseline, physical inactivity we assessed with the 7-item

International Physical Activity Questionnaire [IPAQ-7; (26)], a

brief 7-Item instrument reporting minutes, hours and days of

strenuous or moderate physical activity and sedentary time over a

period of 7 days. Social demographics, medical history, and clinical

characteristics were obtained from patients' self report, medical

documents, and clinical examination. Three ad-hoc items with five-

point Likert scales asked for satisfaction with medical treatment

before study enrollment, separately for medical care in general,

treatment for distress, and treatment for heart disease.

Blood samples

At baseline, venous blood samples were collected in 2.7 ml K3

EDTA tubes from the antecubital vein of the study participants after

15 min of rest in a prone position. EDTA samples were centrifuged,

and both, supernatants and red blood cells were subsequently stored at

−80°C until further analyses by a specialized laboratory. After internal

quality control, LDL-cholesterol was determined using a homogeneous

enzymatic color test (Roche Diagnostics, Mannheim, Germany).

HbA1c was measured from thawed erythrocytes using a high-

performance liquid chromatography (HPLC) with a non-porous

cation exchanger employing the potential difference (HLC-723G11,

Tosoh Bioscience, Griesheim, Germany).

Statistical analysis

Descriptive data are reported for the steps of the screening and

enrollment process and for baseline data of the randomized sample.
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Multivariable baseline predictors of dropout before randomization in

patients with positive first screening were calculated using logistic

regression analysis. In the randomized study sample, continuous

variables are reported as mean values (M) and standard deviations

(SD). Categorial variables are expressed as numbers and percentages

(%). For dichotomous self-report variables such as history of diabetes,

hypertension or depression the numbers and percentages of positive

answers are presented. If patients weren’t sure about the existence of a

particular condition (which happened in less than 3% of cases each),

such uncertain answers were counted as “no”. Sensitivity analyses

counting "don't know" answers as missing yielded similar results.

Differences between men and women in categorical variables were

tested with Pearson’s chi-squared tests. The differences in continuous

variables were tested with Welch-corrected two-sample t-test. Missing

values for objective measures such as laboratory values or ejection

fraction were excluded from bivariate analyses on a pairwise level. As
Frontiers in Psychiatry 05
missingness could be considered as completely at random, complete

data were available for all such variables in at least 95% of cases, and sex

differences were far from significant no missing value replacement was

applied. A significance level of all analyses was set at 0.05 two-sided. All

analyses were performed using the software SPSS version 29 (IBM Inc.,

Armonk, NY, USA) and SAS 9.4 (SAS Institute Inc., Cary, NC, USA)
Results
Results of the stepwise
screening procedure

We identified 10,682 patients with a suspected diagnosis of

CHD of whom 2,785 consented and completed the initial distress

screening (Screening 1). Reasons for non-inclusion can be seen

in Figure 1.
FIGURE 1

Flow chart of TEACH screening process. CHD, Coronary heart disease; HADS, Hospital Anxiety and Depression Scale; PSS-4 , 4-item Perceived
Stress Scale; RF, risk factor; ACS, Acute coronary syndrome; CABG, Coronary artery bypass graft surgery. *including 1 patient with negative initial
distress screening; **including 6 patients with no documentation of an uncontrolled medical risk factor.
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Screening 1
The patients completing the first screening were on average 65.0

(SD 10.1) years old and 78.4% were men. None of the patients

identified their gender as diverse. Among the screened patients,

2,154 (77.3%) fulfilled the distress criterion. Of these, 58% showed

elevated scores on both the HADS and PSS-4, while 31% of patients

scored positive on the PSS-4 alone and 11% on the HADS alone.

Exclusion criteria discovered after the distress screening led to

exclusion of 80 patients. All other patients were invited to the second,

telephone-based screening assessment (Screening 2) three months later.
Screening 2
Of the 1,469 patients who participated in the second screening,

1,032 patients (70.3%) reported elevated HADS and/or PSS-4

scores. Reasons for not participating in the second screening can

be seen in Figure 1.

In patients with a second positive distress screening, assessment

of cardiac risk yielded 802 patients (77.7%) with one or more

insufficiently controlled medical risk factors. Exclusion criteria were

found at in-depth inquiry in 78 patients and logistic or patient-

related reasons, including refusal of granting the second informed

consent required for RCT participation left a final sample of 457

patients who were randomized. This number included one patient

who was distressed at Screening 2 but not Screening 1 and 6 patients

with no documented uncontrolled risk factor in Screening 2 who

were erroneously included. These patients were left in the sample in

order to comply with the intention to treat principle planned for the

main analysis.
Sex and age effects on screening outcome
and enrollment

At all-time points, eligible women were significantly older than

eligible men. The mean age difference ranged between 2.4 and 3.2

years (all p<0.001) in the different screening steps. Mean age

recorded at initial screening slightly decreased in the remaining

sample and both sexes over the screening process: It was 64.1 (SD

9.9) years in patients participating in the second screening and 62.6

(SD 9.5) years in the randomized subgroup. At the same time, the

percentage of women in the sample slightly increased from 21.6% in

those participating in the first screening to 23.0% in the randomized

subgroup. This slight increase in women might be due to higher

rates of distress in women vs. men at both, the first (85.4% vs.

75.1%; p<0.001) and second screening (75.5% vs. 68.7%; p=0.018).

In bivariate analyses, distressed patients with higher HADS or

PSS-4 values at Screening 1 were more likely to screen positive at

Screening 2 (p<0.001 for both scores). Independent effects of age,

sex, HADS, and PSS-4 scores at first screening on dropout until

second screening and randomization respectively were examined in

multivariable logistic regression analyses. Older age was

consistently related to dropout (Table 1), while sex had no

independent effect. However, dropout until randomization was

less frequent in patients with higher dimensional PSS-4 scores
Frontiers in Psychiatry 06
(p<0.001) and – on a trend level – also with higher HADS total

scores (p=0.051).
Baseline characteristics of the entire
randomized sample and by sex

At randomization, patients were on average 62.9 (SD 9.5) years

old. The women were significantly older (by 2.3 years) than the men

(p=0.025; see Table 2).

Sociodemographic variables
Substantial differences between men and women were seen in

partnership and occupational status. Significantly more men than

women lived with a partner (75.2% vs. 51.5%; p<0.001) and more

women than men were already retired (52.4% vs. 38.6%; p=0.012).

Men tended to have a higher rate of private health insurance – an

indicator of higher socioeconomic status in Germany - than women

(17.0% vs. 9.5%; p=0.06), while differences in educational level were

not statistically significant.
Risk factors
Overall medical risk factor burden was unrelated to sex. The

mean medical risk score of insufficiently controlled risk factors

identified during the eligibility check in Screening 2 was 1.5. For

details see Table 2.

Among the individual somatic or behavior-dependent risk factors,

women were more likely than men to report physical inactivity on the

IPAQ (56.0% vs. 41.8%; p=0.012) and a positive family history of

premature cardiovascular disease (i.e. myocardial infarction or stroke

occurring in a first-degree relative before age 55 in men or age 65 in

women; 45.7% vs. 29.8%; p=0.009). On the other hand, men showed a

significantly higher mean diastolic blood pressure than women (79.9 ±

11.2 vs. 76.1 ± 11.1 mmHg; p=0.003). However, the mean diastolic

blood pressure was in the normal range for both sexes. No sex

differences were observed for mean systolic blood pressure and heart

rate, showing normal mean values around 130 mmHg and 67 bpm,
TABLE 1 Multivariable baseline predictors of dropout before
randomization among 2,785 patients with positive initial screening
(logistic regression analysis).

Dropout before
screening 2

Dropout
before randomization

multivariable OR
(95% CI)

multivariable OR
(95% CI)

Age 1.022 (1.013-1.031) 1.026 (1.015-1.037)

Female
sex 1.208 (0.977-1.495) 1.052 (0.818-1.355)

HADS
total 1.001 (0.987-1.015) 0.984 (0.969-1.000)

PSS-4 1.017 (0.978-1.057) 0.922 (0.883-0.964)
OR, odds ratio; CI, confidence interval; HADS, Hospital Anxiety and Depression Scale; PSS-
4 = 4-item Perceived Stress Scale. Significant predictors presented in boldface.
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TABLE 2 Sociodemographic and medical baseline data of randomized patients.

Total (n=457) Men (n=352) Women (n=105) Signif.

(Mean ± SD) (Mean ± SD) (Mean ± SD) (p)

Age (years) 62.9 ± 9.5 62.4 ± 9.2 64.7 ± 10.2 0.025

BMI (kg/m²) 29.3 ± 5.5 29.4 ± 5.2 29.9 ± 6.6 0.487

SBP (mmHg) 129.6 ± 18.4 130.1 ± 18.6 128.0 ± 17.9 0.318

DBP (mmHg) 79.1 ± 11.3 79.9 ± 11.2 76.1 ± 11.1 0.003

Heart rate (1/min) 67.5 ± 11.4 67.7 ± 11.9 66.9 ± 9.3 0.481

# uncontrolled RFs (screening) 1.5 ± 0.7 1.4 ± 0.7 1.5 ± 0.7 0.286

Heart QoL total score 1.5 ± 0.7 1.6 ± 0.7 1.4 ± 0.6 0.016

Social demograhics N (%) N (%) N(%)

Partnership
Living with partner
Partner, living separately
No partnership

317 (69.8)
41 (9.0)
96 (21.1)

264 (75.2)
30 (8.6)
57 (16.2)

53 (51.5)
11 (10.7)
39 (37.9)

<0.001

Highest school education
Basic education (“Hauptschule”)
Middle school (“Realschule”)
(technical) baccalaureate (“Abitur”)
Other/unknown/no response

172 (37.6)
118 (25.8)
155 (33.9)
12 (2.6)

126 (35.8)
87 (24.7)
129 (36.6)
10 (2.8)

46 (43.8)
31 (29.5)
26 (24.8)
2 (1.9)

0.125

Retired 191 (41.8) 136 (38.6) 55 (52.4) 0.012

Private health insurance 70 (15.3) 60 (17.0) 10 (9.5) 0.060

Risk factors N (%) N (%) N (%)

Currently smoking 79 (17.3) 63 (17.9) 16 (15.2) 0.853

Diabetes 148 (32.4) 109 (31.0) 39 (37.1) 0.381

HbA1c ≥ 7.0% § 68 (15.3) 52 (15.1) 16 (16.0) 0.829

Hypertension 384 (84.0) 302 (85.8) 82 (78.1) 0.167

BP ≥ 140/90 mmHg $ 148 (32.5) 117 (33.3) 31 (29.5) 0.464

Dyslipidemia 384 (84.0) 296 (84.1) 88 (83.8) 0.649

LDL ≥ 70 mg/dl § 165 (36.9) 121 (35.0) 44 (43.6) 0.115

Inactive (IPAQ) (n=449 & 202 (45.0) 146 (41.8) 56 (56.0) 0.012

Family history of premature MI/stroke 153 (33.5) 105 (29.8) 48 (45.7) 0.009

Clinical severity N (%) N (%) N (%)

NYHA class 0-I 316 (69.1) 239 (67.9) 77 (73.3)

II 88 (19.3) 66 (18.8) 22 (21.0) 0.099

III-IV 53 (11.6) 47 (13.4) 6 (5.7)

CCS class I 274 (60.0) 220 (62.5) 54 (51.4)

II 123 (26.9) 90 (25.6) 33 (31.4) 0.197

III-IV 56 (12.2) 40 (11.3) 16 (15.3)

unknown 4 (0.9) 2 (0.6) 2 (1.9)

Cardiac history N (%) N (%) N (%)

History of myocardial infarction 280 (61.3) 221 (62.8) 59 (56.2) 0.390

LVEF < 40% # 66 (14.4) 55 (15.6) 11 (10.5) 0.314

Current/previous AFib 114 (24.9) 87 (24.7) 27 (25.7) 0.427

(Continued)
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respectively. Prevalences of other risk factors were unrelated to sex.

Most frequent were dyslipidemia and hypertension (84% each).

Hypertension was insufficiently controlled (≥ 140/90 mmHg) in

32.5% and LDL cholesterol was ≥ 70 mg/dl in 36.9%. Diabetes was

known in 32.4% and 15.3% had anHbA1c of ≥ 7.0%. Themean BMI of

29.3 kg/m² indicated an overweight sample. More than one in six

patients (17.3%) were current smokers, all without relevant sex

differences (see Table 2 for details).

Clinical characteristics
Clinical disease severity also did not differ by sex. It showed mainly

no or asymptomatic heart failure (NYHA classes 0 to I: 69.1%) and no

anginal symptoms during regular exercise (CCS class I: 60.0%).

However, severe heart failure (NYHA III or IV) and severe angina

(CCS III or IV) were present in approximately 12% each (Table 2).

Cardiac history only differed between sexes for coronary artery

bypass surgery, which had been performed in 39.2% of the men but

only 21.0% of the women (p<0.001). Of the whole sample, 61.3%

had experienced a myocardial infarction and LVEF was below 40%

in 14.4%. Almost 3 out of 4 patients had received a percutaneous

coronary intervention and 10.3% were implanted with an internal

defibrillator. Approximately 25% had a history of current or

previously documented atrial fibrillation. Half of the patients had

participated in cardiac rehabilitation during the preceding year,

each with no significant sex difference.

Mental health
The most pronounced sex differences were seen with respect to

mental health (Table 3). In the whole sample, 54% reported a physician-

diagnosed mental disorder, most frequently a depressive disorder

(40.3%). However, prevalences for most mental disorders were

substantially higher in women than men (depressive disorders: 54.4%

vs. 36.1%, p=0.002; anxiety disorders: 29.5% vs. 15.6%, p=0.005;

somatoform disorders: 13.3% vs. 3.1%, p<0.001; any mental disorder:

71.4% vs. 48.9%, p < 0.001). Over 40% of patients had already received

some mental health treatment, with women again showing a markedly

higher rate than men (58.1% vs. 37.2%; p<0.001). The higher prevalence

of diagnosed mental disorders in women was also reflected in their

reduced quality of life (p=0.016; see Table 2) and the reported distress

levels: Elevated HADS total scores >12 were found in 83.3% of women
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and 70.7% in men (p=0.008). Almost all women (97.1%) had elevated

PSS-4 scores > 5, as compared to 89.2% of the men (p=0.012).

Treatment satisfaction
Satisfaction with medical treatment before enrollment in the

RCT phase of the trial was rated separately for treatment for heart

disease, treatment for psychological distress, and overall treatment.

As shown in Figure 2, treatment satisfaction did not differ between

sexes for any of these three dimensions (all p>0.2). However,

substantial differences were seen between satisfaction with

treatment for the different conditions. Less than half of the

patients (45.4%) were rather or completely satisfied with their

overall treatment. This rate was markedly higher for satisfaction

with cardiac treatment (69.3%) but even lower for psychosocial care

(38.8%). All differences were highly significant at p < 0.001.
Discussion

TEACH is the first confirmatory multicenter trial of a BCC

intervention in a European health care system and the first BCC trial

in a uniform CHD sample. It succeeded in enrolling a typical CHD

patient cohort of respectable size from seven sites across Germany.

Besides providing valuable information about the practicability and

results of the TEACH screening algorithm, the current analyses yield

important information on relevant baseline characteristics of the

TEACH cohort which may inform the upcoming longitudinal

analyses. In addition, future studies on BCC or other psychosocial/

behavioral interventions in cardiac patients may build on our results to

fine-tune their interventions to the baseline characteristics and

resulting needs of distressed CHD patients in general and, in

particular, the different problem areas of men and women.
Screening process

Initial distress observed in the hospital may remit either

spontaneously with good medical care, return to the familiar

home environment and/or as a result of (multimodal) cardiac

rehabilitation. However, our data show that over 70% of initially

distressed CHD patients who were available for our second
TABLE 2 Continued

Total (n=457) Men (n=352) Women (n=105) Signif.

(Mean ± SD) (Mean ± SD) (Mean ± SD) (p)

Cardiac history N (%) N (%) N (%)

History of PCI 336 (73.5) 261 (74.1) 75 (71.4) 0.418

History of CABG 160 (35.0) 138 (39.2) 22 (21.0) <0.001

ICD implanted 47 (10.3) 39 (11.1) 8 (7.6) 0.256

Cardiac rehabilitation in last year 229 (50.1) 184 (52.1) 45 (43.4) 0.115
BMI, Body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; RF, risk factor; MI, myocardial infarction; NYHA, New York Heart Association functional class; CCS,
Canadian Cardiovascular Society functional class; LVEF, left ventricular ejection fraction; AFib, atrial fibrillation; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft;
ICD, implanted cardioverter-defibrillator. §No blood samples available for 10 (LDL) or 13 (HbA1c) patients, respectively. §No valid blood pressure measurement available for one patient. &IPAQ
incomplete in 8 patients. #No current measurement of LVEF available in 23 patients. Significant p values are shown in boldface.
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screening 3 months later were still (or again) distressed at that time

and were likely to benefit from psychosocial support. At the same

time, more than 3 out of 4 still distressed CHD patients showed

insufficient medical risk factor control, indicating an additional

need for risk factor counseling or medication adjustment in

these patients.

As the TEACH BCC intervention mainly addresses

psychological distress and cardiovascular risk factors, the applied

screening algorithm appears to facilitate the selection of patients for

whom such a BCC intervention may be particularly beneficial.

Our stepwise screening algorithm allowed us to systematically

analyze how age, sex, and initial distress predict dropout before

randomization into the RCT. Interestingly, although men were

overrepresented in our initial screening sample, due to a generally

higher percentage of men in typical hospitalized CHD patient

populations from which our sample was drawn, female CHD

patients were no less likely to stay in the study throughout the
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screening process and until randomization than men. In the final

randomized sample, the underrepresentation of women was even

slightly diminished (from 21.6% to 23.0%). Sex was, however, not

an independent predictor of dropout.

In contrast, older age was clearly predictive of early dropout.

Women were on average 2-3 years older than men throughout the

screening process, which is in line with the later onset of CHD in

women than in men. The disadvantage of older age for retention

of women in the study may have been counterbalanced by the fact that

women showed consistently higher levels of distress than men. This

difference persisted into the RCT cohort, even after preselecting only

patients with at least mild distress at two time points. Elevated absolute

levels of distress were, in turn, associated with a higher likelihood of

participating in the RCT which may have offset the adverse effect of

higher age in the women.

The positive effect of higher reported distress on successful RCT

enrollment may be due to the simple fact that within the distressed
FIGURE 2

Satisfaction with routine treatment received before randomization by sex. Significant differences between satisfaction with care for heart disease vs.
psychological distress, care for heart disease vs. overall care, and care for distress vs. overall care. Two highest and two lowest categories combined.
All p<0.001. All sex effects not significant.
TABLE 3 Mental disorders, mental health treatments, and distress at baseline.

Total (n=457) Men (n=352) Women (n=105) Signif.

N (%) N (%) N (%) (p)

Known depression* 184 (40.3) 127 (36.1) 57 (54.3) 0.002

Known anxiety disorder* 86 (18.8) 55 (15.6) 31 (29.5) 0.005

Known somatoform disorder* 25 (5.5) 11 (3.1) 14 (13.3) <0.001

Known abuse/addiction* 44 (9.6) 39 (11.1) 5 (4.8) 0.112

Other mental disorder* 54 (11.8) 42 (11.9) 12 (11.4) 0.765

Any mental disorder* 247 (54.0) 172 (48.9) 75 (71.4) <0.001

History of mental health treatment 192 (42.0) 131 (37.2) 61 (58.1) <0.001

HADS total > 12 337 (73.7) 249 (70.7) 88 (83.3) 0.008

PSS-4 > 5 416 (91.0) 314 (89.2) 102 (97.1) 0.012

PSS-4 > 5 and HADS total >12 323 (70.7) 236 (67.0) 87 (82.9) 0.002
*Self-report of physician-diagnosed disorder; multiple diagnoses per patient possible.
Significant p values are shown in boldface.
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patients higher initial distress increased the risk for a positive

second screening result. However, even in patients with a positive

second screening result, a higher HADS score at first screening still

tended to predict randomization (p=0.076; data not shown).

Therefore, the higher participation rate of more distressed

patients in the RCT may indicate the patients’ wish for

potentially receiving the study intervention to improve their

health care. This assumption is supported by the relatively poor

rating of satisfaction with health care for the time period before

RCT enrollment, especially in the psychosocial domain. The

imbalance between satisfaction with somatic and psychosocial

care is striking and calls for improving psychosocial health care

for CHD patients, which is actually mandated by the German

Disease Management Program for chronic CHD (27) but

apparently insufficiently implemented. On the other hand, other

patients dropped out because they perceived study participation as

too burdensome, given their already demanding life situation.
Baseline characteristics and sex differences
in the RCT cohort

In our sample, women were older than men, far less likely to live

with a partner, more likely to be retired and physically inactive and

had much lower rates of surgical revascularizations than men,

confirming previously reported inequalities in medical CHD

treatments (28). They reported higher rates of a positive family

history of premature atherosclerotic disease, previously reported to

increase the risk for mental distress in cardiac patients (29) and

were much more affected by psychological distress and diagnosed

mental disorders than men. Accordingly, they had received more

mental health care before study enrollment than men, which was,

however, not associated with better satisfaction with that care.

In summary, while disease severity, cumulative medical risk factor

burden, and most aspects of cardiac history were comparable between

men and women, we found sex-specific differences in care needs. For

example, women were much more likely than men to live alone and be

retired, possibly requiring interventions to overcome loneliness, together

with specific treatments of their higher rates of mental disorders.

As reported in earlier psychosocial intervention trials, such as

SWITCHD (6), SUPRIM (7), MHART (15) or ENRICHD (14),

women may need different interventions than men, with more need

for empathic listening and self-assertiveness training in women and a

stronger focus on risk factor education, anger control and practical

guidance for men. BCC offers the opportunity to address sex and other

individual differences by taking into account individual patient

preferences and treatment demands. Nevertheless, raising awareness

among caremanagers of typical sex and gender differences in treatment

needs may help them to specifically enquire for such issues during

individual intervention planning and delivery.

Another relevant information for intervention design may be

the relative frequency of insufficiently controlled medical risk

factors. Our study participants suffered most frequently from

physical inactivity, although half of them had participated in

cardiac rehabilitation during the preceding year. Over 30% had

insufficiently controlled blood pressure and elevated LDL
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cholesterol, and a good 15% had elevated HbA1c or were still

smoking, respectively. Beyond the high level of mental distress and

disorders, these uncontrolled medical risk factors therefore deserve

particular attention during the intervention.

When comparing the TEACH cohort to patient cohorts from

previous (blended) collaborative care (CC) trials in patients with heart

disease [e.g., TEAMCare (9), Bypassing the Blues (30), Hopeful Heart

(31), COPES (16), MOSAIC (32), COMPASS (10)], we observed a

much more equal sex distribution in all previous (B)CC trials from the

USA. However, as shown, an unequal sex distribution was already seen

in the first TEACH screening assessment and the percentage of women

even slightly increased during the screening process, thus arguing

against a sex or gender bias in patient enrollment for TEACH which

could also not be found in our multivariable regression analysis. The

sex ratio in TEACH is rather in line with the sex ratio observed in

hospitalized German CHD patients aged 18-85 overall (33) and in

international trials of cardiac interventions in CHD patients, where

men are almost always overrepresented, as long as enrollment is not

specifically tied to sex. For example, in ORBITA-2 (34), the POST-PCI

trial (35), and ISCHEMIA (36) studying a total of >7,000 CHD

patients, men made up between 77% and almost 80% of participants.

This suggests that the 77% men seen in TEACH are quite typical for

CHD patients in general hospitals and those participating in

intervention trials in cardiology.

The percentages of men seen in TEACH were also similar to

those in other psychological intervention trials with CHD patient

samples from Europe [e.g., (7, 13).

The difference of the sex ratios in previous (B)CC studies vs.

cardiology studies (and psychological intervention studies from

Europe, including TEACH) may in part be due to the well-known

higher rates of depression and distress in women vs. men who may

therefore be more likely to qualify for depression treatment studies.

However, the main reason for the difference will likely be the

requirement of American funding agencies to enroll similar numbers

of men and women in psychosocial/behavioral intervention trials.

Beyond the higher portion of women, differences in other patient

characteristics between the TEACH sample and previous (B)CC

intervention trials are important for future comparisons of

intervention effects among the trials, because different baseline

characteristics may have an impact on treatment goals and

effectiveness. For example, the TEAMCare study (9), the only BCC

study so far that showed improvements in both, mental well-being and

medical risk factors, enrolled patients from a primary care setting with

diabetes and/or CHD, which was, however, only documented in < 30%.

Accordingly, their patients had much higher rates of diabetes with

higher mean BMI and HbA1c and were substantially younger than the

TEACH cohort. Their LDL cholesterol at baseline was also much

higher than in TEACH, probably reflecting less strict guideline

recommendations in vigor at that time.

The only other large randomized BCC trial in cardiac patients, the

Hopeful Heart trial (31), randomized depressed patients with systolic

heart failure of any origin who cannot easily be compared with the

TEACHCHD cohort. However, the mean age in the randomized group

was comparable to TEACH, as were rates of hypertension and smoking.

The TEACH sample is more similar to the post-coronary

bypass surgery sample of depressed CHD patients from the
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Bypassing the Blues trial (30) who were slightly older than the

patients in TEACH but had a similar risk factor profile.

All of the studies mentioned above used elevated depressive

symptoms as an inclusion criterion. However, since accumulating

evidence suggests that not only depression but rather any type of

distress may impair prognosis in CHDpatients, TEACH chose to apply

a broader psychological inclusion criterion of at least mild distress on

the HADS and/or elevated perceived stress on the PSS-4. Both, elevated

HADS scores [e.g., (37, 38)] and elevated PSS-4 scores (25) have been

shown to impair prognosis in CHD patients. Given the broader

psychological inclusion criterion, higher percentages of patients

screened positive in the initial TEACH screening step than in the

previous BCC studies. On the other hand, TEACH aimed to only

include patients in whom distress persisted over at least 3 months, in

order to exclude patients with spontaneous remission of distress after

returning home from the hospital (and possibly subsequent cardiac

rehabilitation). Here it is remarkable that 7 out of 10 patients with

initial distress were still (or again) distressed three months later.

A similar two-step screening procedure has been applied in the

COPES trial (16). In that trial, almost 50% of patients after an acute

coronary syndrome who were initially depressed lay below the cut-

off at three months.

Using broader inclusion criteria, Huffman et al. (32) randomized

183 anxious or depressed patients who had suffered a recent cardiac

event into the MOSAIC trial of a 24-week multicomponent CC

intervention. Patients in that trial showed a similar risk factor profile

and percentage of previously known depression as the TEACH sample.
Strengths

TEACH is the first confirmatory multicenter efficacy trial of a BCC

intervention in a European health care system and the first BCC trial in

a uniform CHD sample. Its systematic screening algorithm,

considering both, distress and insufficiently controlled risk factors

persisting beyond the acute treatment (and early rehabilitation)

phase at the same time, identified a high-risk patient group

particularly suited for a BCC intervention. It also allowed to identify

factors associated with dropout during the screening process and

showed relevant sex differences in psychological and medical burden

that can inform future BCC trials.
Limitations

The current analyses have a number of limitations. First,

TEACH was conducted in a mainly white German population

with sufficient German language skills and its results cannot be

generalized to non-white and migrant samples or different cultural

backgrounds and health care systems. Reasons for non-inclusion in

the initial screening step could only be ascertained rather globally.

Since patients had not consented to study participation, for legal

reasons no identifying information could be used. Thus, sex, age,

and disease-related factors may have biased initial willingness to

participate in an unknown way. For patients participating in the

initial screening, dropout criteria could not always be documented,
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leaving some uncertainty. This includes the unknown impact of the

Covid-19 pandemic on the enrollment process which started in the

summer of 2020. Possible effects of the pandemic on sample

composition could not be systematically assessed and may have

introduced some bias as during the first waves of the pandemic

fewer patients were treated on the cardiology wards than in

previous years and some patients refused to attend in person for

trial-related assessments out of fear of contracting an infection.

Finally, the baseline data do not provide information about the

efficacy of the BCC intervention for which data will be available

after obtaining and cleaning the data from the follow-up

assessments of up to 30 months after randomization.
Conclusion

The TEACH screening algorithm proved to be effective in

identifying persistently distressed patients with insufficiently

controlled medical risk factors. As in typical medical intervention

studies in CHD patients, the randomized sample is predominantly

male and showed a typical risk factor profile. However, the percentage

of women in TEACH is substantially lower than in previous (B)CC

studies with cardiac patients from the USA that obviously oversampled

female participants. Sex was, however, not independently affecting

enrollment in TEACH between first screening and randomization. In

the randomized sample, however, there were substantial sex differences

in sociodemographic data, mental health and some aspects of

cardiovascular risk and treatment, which should be considered in

future analyses of the TEACH data set and in planning future (B)CC

interventions. The low patient satisfaction with routine psychosocial

care calls for effective interventions to overcome this deficit.
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