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1. CORONARY ARTERY DISEASE (CAD) 

 

CAD is described as an impaired blood flow through narrowed coronary arteries 

causing insufficient oxygen supply and progressive ischemia of myocardium [1]. The most 

common cause of CAD is atherosclerosis with other less common causes being coronary 

artery spasm, embolism, dissection, aneurysm and vasculitis [2]. Atherosclerosis of 

coronary arteries causes intimal deposition of atheromas, usually at areas of turbulence 

of large to medium sized coronary arteries, which consequentially leads to progressive 

narrowing of arterial lumen and decreased blood flow.  

 

1.1. BURDEN OF CAD 

 

CAD is a major public health problem throughout the world associated with 

significant morbidity, mortality and healthcare costs [3-5]. In the United States of 

America, CAD affects about 7% of adult population and lifetime risk of developing CAD 

after 40 years of age is 49% for men and 32% for women [3]. CAD is the single leading 

cause of death in industrialized world for both men and women accounting for 

approximately 1 of every 6 deaths [3-5]. In the European Union (EU) member countries, 

CAD kills more than 700.000 people every year and remains the first specific cause of lost 

life years [4]. Unfortunately, within the EU, Lithuania belongs in the group of countries 

with the highest death rate from CAD [2]. Specifically, in Lithuania, CAD accounts for 

approximately 41% of all deaths among women and for 31% of all deaths among men [6]. 

Moreover, the prevalence of patients suffering from CAD is expected to substantially 

increase in the near future due to aging population, advanced treatment options causing 

longer survival of CAD patients, and improved secondary prevention [3].  

 

1.2. CLINICAL MANAGEMENT OF CAD 

 

Clinical presentation of CAD is variable and most individuals experience initial 

symptoms only at advanced stages of CAD. Occasionally, a rupture of atheromatous 

plaque exposes thrombogenic material, which activates coagulation cascade and 

platelets, resulting in thrombus formation that consequentially causes sudden partial or 
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complete interruption of blood flow through narrowed coronary arteries and 

development of acute coronary syndromes, such as unstable angina, myocardial 

infarction (MI) or sudden cardiac death. Patients with MI or unstable angina usually 

present with chest discomfort, nausea and diaphoresis with or without dyspnea. 

Diagnosis is confirmed by electrocardiographic findings and serologic markers. 

Management includes emergency reperfusion and medical therapy with antiplatelet 

drugs, anticoagulants, nitrates and β-blockers [7]. Stable angina pectoris is associated 

with transient interruption of blood supply to the myocardium causing chest discomfort 

or pressure that is precipitated by physical activity and alleviated by rest or nitroglycerine 

[8]. Diagnostic tests for stable angina include exercise stress testing and myocardial 

imaging studies. Pharmacologic treatments include nitroglycerine for an acute attack, 

and β-blockers, calcium channel blockers and other medication.  

Secondary prevention plays a pivotal role in the management of patients with 

established CAD in order to prevent progression of CAD and to improve quality of life. 

The major secondary prevention measure of CAD is reduction of traditional vascular risk 

factors via lifestyle modification, psychosocial interventions and pharmacologic 

treatments [8]. 

 

2. MENTAL DISTRESS IN CAD PATIENTS 

 

Extensive epidemiologic research has documented cigarette smoking, diabetes, 

hypertension and hyperlipidemia as major traditional risk factors for CAD [1, 9]. These 

traditional vascular risk factors are highly prevalent in CAD patients and are associated 

with development, progression and clinical manifestation of CAD [1, 9]. Indeed, training 

of cardiologists is focused on identification and modification of these traditional vascular 

risk factors. However, it was argued that prediction of CAD development and prognosis 

by the means of traditional vascular risk factors remains challenging and needs to be 

improved [10, 11].  

In this context, a myriad of adverse psychological factors, including mental 

distress such as depression or chronic psychological distress, were shown to be highly 

prevalent in patients with CAD and associated with development, progression and 

prognosis of CAD above and beyond traditional vascular risk factors [12-17]. In CAD 
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patients, adverse psychological factors tend to cluster, often remain under-recognized, 

are associated with unhealthy health behaviors (i.e., smoking and obesity), and with non-

compliance with recommended lifestyle modifications and cardiac treatment regiments 

[12-17]. Furthermore, although psychological interventions and pharmacological 

treatments can improve outcomes of mental distress in CAD patients, there is a lack of 

beneficial effects of these treatments on the reduction of mortality and cardiac events 

[18] Finally, the significance of mental distress is underscored by the findings showing 

that it is associated with biological sequalea that can further contribute to progression 

and poor prognosis of CAD. These biological sequalea include, but are not limited to, 

increased platelet activity and reactivity [19]; dysregulation of hypothalamic-pituitary-

adrenal (HPA) axis function [20]; autonomic imbalance, increased concentrations of 

inflammatory markers [21]; and endothelial dysfunction [22]. 

This thesis will focus on two distinct manifestations of mental distress in patients 

with CAD: depression and Type D (distressed) personality.  

 

2.1. DEPRESSION 

 

Depression is a common form of mental distress that has received the most 

attention in CAD patients. Extensive epidemiological research studies have demonstrated 

that depression is highly prevalent in CAD patients at approximately three times higher 

rates when compared to the general population [14-16]. It is estimated that about 20% 

of CAD patients suffer from clinical depressive disorders and more than 30% of CAD 

patients have elevated depressive symptoms [14-16]. It is well established that 

depression is associated with approximately 2-fold increased risk for the development of 

CAD [23]. In patients with established CAD, depression is independently associated with 

doubling of the risk for adverse cardiovascular outcomes depending on the initial CAD 

diagnosis, measures of depression, length of follow-up and covariates included [15, 16]. 

Also, a dose-response relationship between severity of depressive symptoms and 

cardiovascular outcomes of CAD patients has been reported [24]. Furthermore, in CAD 

patients, depression is associated with a myriad of poor health indexes, including worse 

health related quality of life [25], poor functional status [26], and increased health-care 

costs [27].  
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According to the Diagnostic and Statistical Manual of Mental Disorder, 4th Edition, 

text revision (DSM-IV-TR) criteria, diagnosis of major depressive episode (MDE) requires 

the presence of severely depressed mood or anhedonia lasting for two weeks or more 

accompanied by somatic symptoms and significant functional impairment [28]. This 

diagnosis of clinical depressive disorder can be established by using structured clinical 

interviews that are administered by trained mental health specialists. Two major types of 

diagnostic instruments are used for evaluation of the severity of depressive symptoms: 

observer-rating scales and self-rating scales. Self-rating depression scales provide with 

patient’s perspective of depressive symptom severity. The administration of self-rating 

scales is more beneficial economically; therefore, they are preferentially used in large 

samples of non-psychiatric patients for screening of depressive disorders and for 

evaluation of depressive symptom severity. Observer-rating depression scales, on the 

other hand, provide with physician’s perspective of depressive symptom severity; 

however, their administration is more expensive when compared to self-rating scales. 

Hence, observer-rating scales are mainly used for evaluation of response to therapy in 

patients with established depressive disorder and in clinical trials evaluating the efficacy 

of antidepressant treatment.  

Depression often remains under-recognized in clinical practice mainly because 

healthcare providers face significant time constrains and are more concerned with 

management of clinical CAD severity markers and traditional vascular risk factors.  

Furthermore, self-rating depression scales are rarely used by clinicians although 

screening for depressive disorders takes just a few minutes using self-rating scales [29]. 

Therefore, the scientific advisory board of the American Heart Association has recently 

recommended routine screening for depression in CAD patients using the two item 

Patient Health Questionnaire (PHQ)-2 [30]. According to these recommendations, CAD 

patients with positive screening results on the PHQ-2 should undergo a second step 

screening for depression using the PHQ-9; and those with PHQ-9 scores of ≥10 (indicating 

high probability of depression) should be referred for more comprehensive clinical 

evaluation by mental health professional. However, there remains a debate in the 

literature regarding implementation of these guidelines into clinical practice mainly 

because there is a paucity of evidence that systematic screening of depression improves 

outcomes of CAD patients [31]. Moreover, a recent systematic review of diagnostic 
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accuracy of depression self-rating scales in cardiovascular setting found that at optimal 

cut-off values depression self-rating scales had adequate sensitivity and specificity but 

low positive predictive values (median at level of 37%) [32]. High false-positive 

depression screening rates suggest that a majority of cardiovascular patients screened 

positive on depression self-rating scales will not meet the DSM criteria for depressive 

disorder. High false positive rates can cause overstretch of available health-care 

resources and increased risk for unnecessary treatments if one relies on depression 

screening tools alone [33].  

Hence, further studies evaluating psychometric properties of depression 

screening instruments in CAD patients are warranted. Also, the majority depression self-

rating scales include questions targeting fatigue that is one of the most prevalent somatic 

symptoms of cardiovascular patients as well as one of the physical symptoms of 

depression. Therefore, one might expect increased false positive rates of depression 

screening in CAD patients using self-rating depression scales that include fatigue 

targeting items. However, the impact of fatigue targeting items in depression self-rating 

scales on evaluation of depressive symptom severity has not been evaluated in CAD 

patients. 

 In a recent editorial in the Heart, Frassure-Smith and Lespérance argued that 

further studies in CAD patients should be directed towards dismantling of depressive 

symptoms in order to identify the most cardio-toxic aspects of mental distress [34]. 

Indeed, it has been shown that anhedonia rather than depressed mood was an 

independent predictor of increased risk of mortality and adverse cardiovascular events 

and was associated with worse health status and with higher levels of somatic and 

cognitive symptoms [35, 36]. Hence, identification of the most cardio-toxic clusters of 

depression related symptoms would possibly enable us to better identify high risk 

subgroups of CAD patients and to create more effective intervention strategies leading to 

increased survival and improved quality of life of CAD patients. 

 In addition, depression is an important determinant of cardiovascular health but 

other forms of mental distress have also been associated with the clinical course of CAD 

[12-17]. Regarding this issue, personality-related difference may also represent 

important psychological pathways to explain outcomes in CAD patients. In recent years, 
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Type D personality has been introduced as a vulnerability factor for general psychological 

distress in patients with CAD [37].  

 

2.2. TYPE D PERSONALITY 

 

Type D personality refers to the combination of significant levels of negative 

affectivity (NA) and social inhibition (SI). NA is characterized by a tendency to experience 

negative emotions and SI is characterized by a tendency to inhibit emotional and 

behavioral expression of those negative emotions during social interactions. Type D 

personality is a normal and stable personality trait that affects about 30% of CAD patients 

across different cultures [37, 38]. A number of studies in CAD patients have consistently 

shown that Type D personality is independently associated with a number of negative 

sequalea, including increased risk for all cause and cardiac mortality, increased risk for 

non-fatal MI and sudden cardiac arrest, impaired health status, poor health related 

quality of life and higher levels of mental distress [17, 37, 38]. In a recent meta-analysis, 

Grande with colleagues analyzed the data from 12 independent samples with a total of 

5341 cardiovascular patients and reported that Type D personality affected prognosis of 

CAD patients, but not congestive heart failure patients, suggesting that further studies 

examining the role of Type D personality in cardiac patients are needed [39].  

The 14-item Type D personality Scale (DS14) is a standardized self-rating 

instrument that was specifically developed for evaluation of Type D personality construct 

and is the most widely used instrument to evaluate for personality traits of NA and SI and 

to identify Type D patients [37]. Assessment of Type D personality construct using the 

DS14 scale was shown to be a reliable and valid in western and non-western countries 

[37, 38]. However, the great majority of DS14 validation studies were carried out in 

Western Europe; thus, more research is needed in the non-western world to assess 

cross-cultural validity of Type D personality assessment using the DS14 scale. In this 

context, Type D personality construct and its assessment with the DS14 scale have not 

been evaluated in Lithuanian CAD patients. Also, the prevalence of Type D personality in 

Lithuanian CAD patients and its association with psychological distress remain to be 

evaluated.  
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Furthermore, to date, the majority of studies evaluated the role of Type D 

personality differences in health status and outcomes of CAD patients by using 

dichotomous categories (presence of Type D personality versus absence of Type D 

personality) [17, 37, 38]. However, this approach was recently debated because it 

prevents from assessment of the independent outcome effects of Type D personality 

dimensions of NA and SI [40]. Thus, it was recommended that further research should 

also focus on evaluation of outcome effects of the separate NA and SI components of 

Type D personality construct, because this approach can improve our knowledge 

regarding mechanisms underlying the association of personality-related differences with 

CAD outcomes, and more precisely define targets for possible interventions [40].  

 

3. PATIENT CENTERED OUTCOMES   

 

 Patient centered health outcome measures include symptom burden, functional 

status and health related quality of life [41]. It is important to note that patient centered 

health outcomes are not surrogate measures of clinical outcomes; however, they provide 

important information about patient’s perspective of treatment efficacy and limitations 

imposed by cardiovascular disease [41]. Patient centered health outcomes are 

increasingly used in clinical trials as important endpoint measures of CAD and are 

expected to improve healthcare delivery and contribute to optimization of patient-

centered medical decision making [41]. In addition, decreased patients centered 

outcomes are important predictor of poor clinical outcomes, such as increased mortality 

and morbidity [42].  

However, little is known about the impact of cardiac treatments on patient 

centered outcomes and it was recommended that determinants of patient centered 

outcomes should be further studied [43]. Besides objective markers of CAD severity, 

behavioral risk markers, such as depression, were also shown to be associated with 

diminished health status benefits independently from objective CAD severity markers 

[44, 45]. It is expected that identification of predictors of patients centered health 

outcomes would contribute to the development of more effective treatment 

interventions and would improve identification of high-risk subgroups of CAD patients, 

which would enable for optimization and individualization of clinical decision making 
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[43]. Furthermore, evaluation of tools measuring patient centered health outcomes is 

important in promoting shared-decision making.  

Therefore, this thesis will focus on patient centered outcomes as major 

dependent variables in clinical research and practice. Moreover, this thesis will also focus 

on functional status and fatigue as specific outcome measures that are immediately 

relevant to CAD patients.   

 

3.1. FUNCTIONAL STATUS 

 

In the clinical practice of cardiology objective assessment of exercise capacity by 

the means of standardized exercise tests, such as treadmill procedure, standard bicycle 

ergometer procedure and 6-minutes walking test, is considered an important marker of 

patient’s functional status [46, 47]. It is well documented in CAD patients that decreased 

exercise capacity is associated with poor prognosis [46, 47]. However, to our knowledge, 

there remains scant data regarding the association of adverse psychological factors and 

personality related differences with exercise capacity. For example, it has been shown in 

one large study of patients referred for single photon emission computed tomography 

exercise stress testing that after adjusting for demographic factors, smoking history and 

use of beta-blockers, the presence of current major depressive disorders was associated 

with indices of poor exercise capacity, including lower percent of maximal predicted 

heart rate, lower peak exercise mets and less time spent exercising [48]. In the same 

study, elevated depressive symptoms were also associated with decreased exercise 

capacity [48]. However, these data remain to be replicated in an independent sample of 

CAD patients. With regards to Type D personality, a study in CAD patients found that 

Type D patients covered shorter distance on the 6-minutes walking test without any 

substantial differences in heart rate, suggesting that Type D personality might be 

associated with decreased effort to perform, which can consequentially lead to 

decreased exercise capacity [49]. However, more research is needed to test this 

assumption.  
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3.2. FATIGUE 

 

Fatigue is an important measure of patient centered outcome, which is described 

as an overwhelming subjective sense of tiredness and lack of energy not relieved by rest 

and has a significant negative effect on physical and mental capacity [50]. Fatigue is also 

a complex symptom common to many illnesses, including CAD and depression [1, 2, 28, 

50]. In cardiac patients, fatigue is considered one of the most prevalent and distressing 

symptoms, which was shown to be associated with disease progression, adverse 

cardiovascular outcomes and worse quality of life [51, 52]. Moreover, self-reported 

fatigue is the most frequently reported barrier to participate in physical activity [53]. 

Fatigue is also one of the physical symptoms of major depressive disorder according to 

the DSM-IV-TR classification [28]. A few previous studies in moderate samples of post-MI 

patients reported a weak to strong association between fatigue and depressive 

symptoms [54, 55]. However, another study found that fatigue was highly prevalent 

among CAD patients without comorbid depression [56]. These mixed findings suggest 

that the relationship between fatigue and depression in CAD patients is complex and that 

fatigue and depression might be different expressions of same pathologic processes; 

hence, the association between fatigue and depression warrants additional studies in 

larger samples of CAD patients.  

Also, it was shown in CAD patients that Type D personality was independently 

associated with higher levels of fatigue [57, 58]. However, to the best of our knowledge, 

the association between fatigue and separate NA and SI components of Type D 

personality construct has not been studied.   

Objectively evaluated exercise capacity is rarely used by clinicians for evaluation 

of functional status and a majority of clinicians rely on the clinical history and self-

reported symptoms when assessing functional capacity of CAD patients. However, there 

remains some discrepancy regarding the association between self-reported fatigue and 

objectively measured exercise capacity. For example, a weak correlation between fatigue 

and oxygen consumption was reported in pediatric patients undergoing exercise testing 

[59]. Similarly, a study in 50 adult chronic heart failure patients found only a very weak 

association between peak exercise VO2 and symptoms of fatigue and dyspnea [60]. On 

the other hand, clinically significant correlations of peak VO2 with self-administered 
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activity based questionnaires was found in adult cardiac patients [61]. Knowledge of the 

association between subjective symptoms of fatigue and objectively evaluated exercise 

capacity may have important clinical implications regarding reliability of functional status 

prediction based on self-reported symptoms of fatigue and for differentially targeting 

psychological fatigue versus exercise capacity in the treatment of CAD. 

Finally, biological markers of fatigue are not yet fully understood and warrant 

additional research. Previous research suggested that thyroid hormones and cortisol can 

be implicated in the pathogenesis of fatigue [62-65]. For example, in the community 

sample, fatigue was shown to be associated with lower cortisol concentrations and 

flattened cortisol diurnal secretion, and blunted HPA axis function predicted onset of 

fatigue [62]. A possible role of hypothalamic-pituitary-thyroid (HPT) axis function in the 

pathophysiology of fatigue is suggested by findings that (1) fatigue is a common 

symptoms to thyroid disorders, (2) higher levels of fatigue were associated with lower 

concentrations of thyroid stimulating hormone (TSH) and (3) treatment with thyrotropin 

releasing hormone (TRH) ameliorated cancer related fatigue [63-65]. Thyroid hormones 

exert important effects on cardiovascular system and can reverse post-ischemic 

remodeling of the left-ventricle leading to improved systolic and diastolic function of the 

heart and better early and late functional recovery of MI patients [66, 67]. In addition, 

lower concentrations of free triiodothyronine (T3) were independently associated with 

reduced exercise capacity in patients with severe heart failure [68]. These findings 

suggest that decreased concentrations of cortisol and thyroid hormones can be 

important predictors of fatigue and exercise capacity in CAD patients and need to be 

tested in further studies.  

The overall conceptual model of thesis, including the (a) conceptualization and 

assessment of various forms of mental distress in cardiac patients, (b) their association 

with functional capacity, exercise and other patient-centered outcomes, and (c) the 

potential role of biomarkers in the relationship between mental distress and these 

outcomes, is presented in Figure 1. 
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Figure 1. OVERALL CONCEPTUAL MODEL OF THE THESIS 
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4. AIMS AND OUTLINE OF THE THESIS 

 

This thesis presents results of an ongoing study evaluating the association of 

mental distress and neuroendocrine factors with patient centered outcomes and 

objective functional status in stable CAD patients undergoing rehabilitation. Consecutive 

patients diagnosed with CAD and attending a rehabilitation program at the 

Cardiovascular Rehabilitation Clinic of the Institute of Psychophysiology and 

Rehabilitation of Lithuanian University of Health Sciences in Palanga, Lithuania, were 

recruited to this study. All study patients were within two weeks after the onset of acute 

coronary syndromes and within a week after discharge from in-patient cardiac 

department. Demographic, clinical, psychological and neuroendocrine data were 

collected during the rehabilitation program. Exercise capacity testing was performed at 

the initiation of the rehabilitation program.  

In Chapters 3 and 6 we present findings from 1470 CAD patients included in the 

study during a period from 2000 until 2006. All patients were evaluated for fatigue and 

depressive symptoms using self-rating scales, and for exercise capacity using bicycle 

ergometer procedure. Patients included in the study in a period from February 2007 until 

January 2011 (n=532) and in a period from February 2007 until August 2011 (n=690) 

were additionally evaluated for type D personality and Big-Five personality traits using 

self-rating scales, and for depressive disorders and symptoms using clinical interview, and 

will be analyzed in Chapters 2, 4, 5 and 8. Finally, in Chapter 7, we present data from 83 

consecutive CAD patients treated at our institution from September 2008 until October 

2009 who were additionally evaluated for HPT-axis and cortisol concentrations. 

The study and its consent procedures were approved by the Internal Review 

Board and conformed to the principles outlined in the Declaration of Helsinki. Written 

informed consent was obtained from each study patient.  

The overall aim of this thesis was to evaluate identification of depression and 

Type D personality using self-rating and observer-rating scales in stable CAD patients 

undergoing rehabilitation, and to assess the association of mental distress, personality 

related differences and neuroendocrine measures with patient centered outcomes and 

with functional status. 
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Part A: Mental distress in CAD patients 

 

The first part of thesis focuses on evaluation of self-rating and observer-rating 

scales for identifying mental distress (i.e., depression and Type D personality) in CAD 

patients (Figure 2). 

 

Figure 2. OUTLINE OF THE THESIS 
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Chapter 2 

Depressive disorders often remain under-recognized in CAD patients and 

depression screening algorithms need to be improved in order to optimize depression 

screening and to prevent overburden of available health-care resources. Therefore, the 

purpose of this chapter was to evaluate psychometric properties of the Hospital Anxiety 

and Depression Scale (HADS) and the Beck Depression Inventory-II (BDI-II), for screening 

for current MDE in CAD patients undergoing rehabilitation.  

 

Chapter 3 

Items targeting fatigue included in depression self-rating scales can bias the 

evaluation of depressive symptom severity in symptomatic CAD patients, because fatigue 

is a common symptom of CAD patients and is also one of the physical symptoms of 

depression. Also, due to items targeting physical symptoms of depression, the 

association between fatigue and depressive symptoms can depend on CAD stage. Thus, 

subsequently, in this chapter we evaluated if specific fatigue related items in the HADS 

and BDI-II bias an association between subjective fatigue and depressive symptom 

severity in CAD patients. We also assessed the impact of CAD stage on the association 

between depressive symptom severity and fatigue. 

 

Chapter 4 

Accurate evaluation of depressive symptom severity is critical. The Montgomery 

Åsberg Depression rating scale (MADRS) is an observer rating scales, which is widely used 

in clinical practice for evaluation of depressive symptom severity and response to 

antidepressant therapy, and in clinical trials for evaluation of anti-depressive treatment 

efficacy. However, factor structure and psychometric properties of the MADRS have not 

been evaluated in CAD patients. Thus, for the first time in CAD patients, we evaluated the 

factor structure of the MADRS using exploratory and confirmatory factor analyses in this 

chapter. Additionally, psychometric properties of the MADRS for identifying CAD patients 

with current MDE were also assessed. Finally, construct validity of the MADRS was 

evaluated against depression self-rating scales.  

 



Chapter 1 

 

22 

Chapter 5 

High prevalence and clinical significance of Type D personality is well recognized 

in CAD patients, but Type D personality construct and its assessment with the DS14 has 

not been evaluated in Lithuanian CAD patients. Therefore, the purpose of this chapter 

was to evaluate validity of the Lithuanian version of the DS14 scale for identifying CAD 

patients with Type D personality and the association of Type D personality with mental 

distress in CAD patients. 

 

Part B: Mental distress and patient-centered outcomes of CAD patients  

 

The overall purpose of this part of the thesis was (1) to evaluate the association of 

mental distress with patients-centered outcomes including functional status and fatigue; 

and (2) to investigate biological and psychological mechanisms that may explain this 

association.  

 

Chapter 6 

Symptoms of fatigue and exercise capacity are considered important outcomes of 

CAD patients. However, the association between fatigue and depressive symptoms is 

complex. In addition, there remains scant data regarding the association of mental 

distress with exercise capacity and the literature regarding the association of fatigue with 

exercise capacity is mixed. Thus, in this chapter we evaluated the relationship of mental 

distress with self-reported fatigue and with objectively measured functional status in a 

large sample of stable CAD patients undergoing rehabilitation. The association between 

subjective fatigue and exercise capacity was also evaluated.  

 

Chapter 7 

This thesis also focuses on biological and psychological mechanisms that may 

explain the association of mental distress with patient-centered outcomes. Chapter 7 

focuses on biological mechanisms as a potential pathway. Abnormalities of cortisol and 

thyroid hormone concentrations were shown to play an important role in the 

development and progression of fatigue. Thyroid hormones can be critical for post 

ischemic regeneration of myocardium and were associated with improved recovery of 
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cardiac function following MI. However, the association of fatigue with concentrations of 

thyroid hormones and cortisol remain to be evaluated in CAD patients. Therefore, in this 

chapter of the thesis we evaluated a possible association of fatigue and exercise capacity 

with concentrations of thyroid hormones and cortisol.  

 

Chapter 8 

In addition to biological mechanisms, this thesis also focuses on psychological 

mechanisms that may explain the adverse effect of mental distress on health outcomes 

in CAD. It was suggested that Type D personality might have a detrimental effect on 

exercise capacity via decreased effort to perform. Also, Type D personality independently 

predicts symptoms of fatigue in CAD patients. Furthermore, it was recently 

recommended to evaluate independent effects of NA and SI dimensions of Type D 

personality and their interaction (i.e., Type D personality) on outcomes of CAD patients 

and to dismantle depressive symptoms in order to identify the most cardiotoxic 

depressive symptom clusters. Thus, in this chapter we examined the association of SI 

alone, NA alone, and their combination (i.e., Type D personality) with objective functional 

status and with symptoms of fatigue and mental health status as important patient 

centered outcomes in CAD patients.  

 

General Discussion 

 

In chapter 9, the main findings of the chapters are summarized and discussed. 

Additionally, the limitations of the thesis are outlined and possible clinical implications 

and recommendations for future research are presented. 
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ABSTRACT 

Objective. We evaluated the internal consistency and psychometric properties of the 

Hospital Anxiety and Depression Scale (HADS) and the Beck Depression Inventory-II (BDI-

II) for screening of major depressive episodes (MDE) in coronary artery disease (CAD) 

patients undergoing rehabilitation. Methods. Five-hundred and twenty-two consecutive 

CAD patients (72% men; mean age 58±9 years) attending a rehabilitation program 2 

weeks after inpatient treatment for acute ischemic cardiac events completed the HADS 

depression subscale (HADS-D), HADS anxiety subscale (HADS-A) and the BDI-II. Interview 

outcome using the Mini International Neuropsychiatric Interview (MINI) for current MDE 

according to the DSM-IV-TR criteria was considered as the gold standard.  Results. Fifty-

six (11%) patients had a current MDE. The HADS-D, HADS-A, HADS-total and BDI-II had 

high internal consistency. Area under the ROC curve was the highest for the BDI-II 

followed by the HADS. Optimal cut-off values for screening of MDE were ≥5 for the 

HADS-D, ≥8 for the HADS-A and ≥14 for the HADS-total and for the BDI-II. At optimal cut-

off values the BDI-II had slightly superior psychometric properties when compared to the 

HADS. However, positive predictive values were low for the HADS and for the BDI-II.  

Conclusions. In CAD patients undergoing rehabilitation, the HADS and BDI-II had high 

internal consistency. Screening for MDE at optimal cut-off values the BDI-II was slightly 

superior when compared to the HADS. Positive predictive values for the BDI-II and for the 

HADS were low indicating that a large proportion of patients with positive screening 

results did not meet criteria for MDE.  
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Introduction 

 Depression is common in coronary artery disease (CAD) patients with point-

prevalence rates of major depressive episode (MDE) reaching 20% [1, 2]. Elevated 

depressive symptoms are even more prevalent in CAD patients [2, 3]. Negative sequalae 

of depression in CAD patients include increased rates of recurrent ischemic events and 

death [1], increased probability of negative treatment outcomes [4], worse quality of life 

[5] and a higher level of fatigue [6]. 

Depression is under recognized in CAD patients because healthcare providers 

rarely use standardized screening instruments [7, 8, 9]. The American Heart Association 

recommends systematic screening for depression in all CAD patients using the Patients 

Health Quationnaire-2 [10]. However, these guidelines were challenged because there 

remains a paucity of evidence that systematic screening for depression leads to improved 

outcomes in CAD patients [11, 12, 13]. Also, depression screening algorithms in CAD 

patients needs to be improved in order to prevent over-burden of available resources 

[11].  

The Hospital Anxiety and Depression Scale (HADS) [14] was shown to be a reliable 

depression screening instrument in general practice [15] and in medical patients [16], but 

yielded conflicting results in CAD patients [17, 18, 19, 20]. The Beck Depression 

Inventory-II (BDI-II) [21] is widely used in CAD patients, but there are a few studies 

evaluating the psychometric properties of the BDI-II in stable CAD patients [22, 23, 24].  

The aim of the current study was to evaluate the internal consistency and 

psychometric properties of the HADS and BDI-II for the screening of current MDE in CAD 

patients undergoing rehabilitation. 

 

Methods 

Subjects 

From February 2008 until January 2011, consecutive CAD patients attending a 

cardiac rehabilitation program at the Cardiovascular Rehabilitation Clinic of the Institute 

of Psychophysiology and Rehabilitation of Lithuanian University of Health Sciences in 

Palanga, Lithuania, were invited to participate in this study. All patients were referred for 

cardiac rehabilitation within 2 weeks after inpatient treatment for acute myocardial 
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infarction (AMI) or an episode of chest angina. All patients were receiving standard 

treatment for secondary prevention of CAD according to existing guidelines. Patients 

were not included in the study if they had a known current depressive disorder, were 

older than 80 years of age, had cognitive disorientation or communicative disabilities, 

had other severe diseases, or did not speak Lithuanian fluently. A total of 632 CAD 

patients were invited to participate in the study. However, 93 (15%) patients did not 

consent to participate in the study and 17 (3%) patients were excluded from the analysis 

because they were taking antidepressants at the time of the study. Therefore, our final 

study sample consisted of 522 CAD patients (72% men; mean age 58±9 years).The 

majority of patients were New York Heart Association functional class II (72%), had 

hypertension (81%), angina pectoris (60%) and a history of AMI (70%; see Table 1). 

 

Table 1. Demographic characteristics, clinical characteristics and scores on the self-

rating depression scales of 522 patients with coronary artery disease. 

Demographic data 

Age (years), mean ± SD, range 58±9, range 32-77 years 

Gender, n (%) 

            Men 

            Women  

 

378 (72) 

144 (28) 

Clinical data 

NYHA functional class, n (%) 

            I 

            II 

            III 

 

42 (8) 

374 (72) 

106 (20) 

Hypertension, n (%) 425 (81) 

Angina Pectoris, n (%) 314 (60) 

Myocardial Infarction, n (%) 366 (70) 

NYHA, New York Heart Association. 
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The study and its consent procedures were approved by the Ethics Committee for 

Biomedical Research at the Lithuanian University of Health Sciences, Kaunas, Lithuania. A 

written informed consent was obtained from each study patient. 

 

Procedure and Instruments  

Within 3 days of admission all patients were interviewed for clinical and for 

demographic characteristics and completed the HADS [14] and BDI-II [21]. The HADS and 

BDI-II were checked for missing items and patients were asked to complete the missing 

items. On the next day, patients were interviewed by a trained interviewer (M.S.) for 

current MDE using the structured Mini International Neuropsychiatric Interview (MINI) 

[25].  The interviewer was blind to the scores on the HADS and BDI-II.  

The outcome on the MINI was considered the gold standard in the current study. 

The MINI evaluates for MDE according to the DSM-IV-TR criteria [26] and is widely used 

in clinical practice and in research studies [27]. All diagnoses were based on a consensus 

diagnostic session with a psychiatrist (R.B.).  

The HADS is a 14-item self-rating instrument that consists of subscales of anxiety 

(HADS-A) and depression (HADS-D) that are designed to measure respective symptoms. 

Possible scores in both subscales range from 0 to 21. Scores from 8 to 10 suggest, and 

scores of ≥ 11 indicate probable depression and/or anxiety [14]. We also calculated the 

total score on the HADS by adding scores on the HADS-A and HADS-D together to yield a 

HADS-total score. 

The BDI-II is a 21-item self-rating questionnaire that evaluates for severity of 

depressive symptoms during the previous 2 weeks [21]. Total scores on the BDI-II range 

from 0 to 63 and it is traditionally accepted that a score of ≥14 is suggestive of mild 

depression.  

 

Statistical Analysis 

First, we evaluated internal consistency of the HADS-D, HADS-A, HADS-total and 

BDI-II by the means of Cronbach’s α.  Next, we assessed psychometric properties of the 

HADS-D, HADS-A, HADS-total, and BDI-II for screening of a MINI diagnosis of MDE.  We 

calculated the area under the receiver operating (ROC) curve (AUC), sensitivity, 
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specificity, positive predictive value (PPV), negative predictive value (NPV) and accuracy. 

Optimal cut-off values were determined by visually assessing AUCs. We present 

psychometric properties of the HADS-total, HADS-D, HADS-A and BDI-II at three optimal 

cut-off values and at traditionally accepted cut-off values.  

  

Results 

Fifty-six (11%) patients were diagnosed with current MDE based on the MINI 

(Table 2). 

 

Table 2. Psychiatric characteristics of 522 patients with coronary artery disease. 

MINI Interview, n (%) 

Major depressive episode 56 (11) 

Hospital Anxiety and Depression Scale, mean ± SD; range; median; IQR           

Depression subscale 

Anxiety subscale 

Total score 

3.9±3.1; 0-17; 3; 5 

6.1±3.7;  0-18; 6; 5 

10.1±6.1; 0-35; 9; 9 

Beck Depression Inventory-II, mean ± SD; range; median; IQR 

Score 11.0±8.2; 0-52; 10; 11 

IQR, inter-quartile range. 

 

Cronbach’s α for the HADS-D, HADS-A, HADS-total and BDI-II were at the levels of 

.75, .82, .86, and .85, respectively.  

AUCs for the HADS-D, HADS-A, HADS-total and BDI-II for screening of MDE were 

at the levels of .79, .86, .87, and .90, respectively. Psychometric properties at different 

cut-off values for the HADS-D, HADS-A, HADS-total and BDI-II for screening of MDE are 

presented in Table 3. Optimal cut-off values were ≥5 for the HADS-D (sensitivity=77%, 

specificity=69% and PPV=23%), ≥8 for the HADS-A (sensitivity=86%, specificity=72% and 

PPV=27%), ≥14 for the HADS-total (sensitivity=82%, specificity=79% and PPV=32%) and 

≥14 for the BDI-II (sensitivity=89%, specificity=74% and PPV=29%).  
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Table 3. Psychometric properties at optimal cut-off values and at traditionally accepted 

cut-off values of the self-rating depression scales for screening of major depressive 

episode in coronary artery disease patients. 

Cut-off 

score 

N (%) Sensitivity, 

% (95% CI) 

Specificity, 

% (95% CI) 

PPV, 

% (95% CI) 

NPV, 

% (95% CI) 

Accuracy, 

% 

AUC 

(95% CI) 

Hospital Anxiety and Depression Scale – Depression subscale  

≥4 255 (49) 84 (71-92) 55 (51-60) 19 (14-24) 97 (93-98) 59 .79 (.73-

.85) ≥5 188 (36) 77 (63-87) 69 (65-73) 23 (17-30) 96 (93-98) 70 

≥6 140 (27) 66 (52-78) 78 (74-82) 27 (20-35) 95 (92-97) 77 

≥8* 68 (13) 41 (28-55) 90 (87-93) 34 (23-46) 93 (90-95) 84 

Hospital Anxiety and Depression Scale – Anxiety subscale 

≥7 231 (44) 88 (75-94) 61 (56-65) 21 (16-27) 98 (95-99) 63 .86 (.80-

.92) ≥8* 180 (34) 86 (73-93) 72 (67-76) 27 (21-34) 98 (95-99) 73 

≥9 129 (25) 77 (63-87) 82 (78-85) 34 (26-43) 97 (94-98) 81 

Hospital Anxiety and Depression Scale – total score 

≥13 161 (31) 82 (69-91) 75 (71-79) 29 (22-37) 97 (95-99) 76 .87 (.81-

.92) ≥14 144 (28) 82 (69-91) 79 (75-83) 32 (25-41) 97 (95-99) 79 

≥15 125 (24) 80 (67-89) 83 (79-86) 36 (28-45) 97 (95-99) 83 

Beck Depression Inventory – II 

≥13 195 (37) 93 (82-98) 69 (65-73) 27 (21-34) 99 (97-100) 72 .90 (.86-

.94) ≥14* 172 (33) 89 (77-96) 74 (70-78) 29 (23-37) 98 (96-99) 76 

≥15 154 (29) 86 (73-93) 77 (73-81) 32 (24-40) 98 (96-99) 78 

NPV, negative predictive value; PPV, positive predictive value; AUC, area under the 

receiver operating curve. 

Optimal cut-off values in bold. 

*Traditionally accepted cut-off values
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Discussion 

Internal consistencies for the HADS-D, HADS-N, HADS-total and BDI-II were high in 

CAD patients undergoing cardiac rehabilitation. The BDI-II had the highest AUC followed 

by the HADS-total, HADS-A and HADS-D. At optimal cut-off values the BDI-II and HADS-A 

had the highest sensitivities. However, PPVs for all scales were low.  

Screening instruments are expected to be highly sensitive with high PPV. In the 

present study, depression screening instruments at optimal cut-off values were highly 

sensitive; however, PPVs were unacceptably low and ranged from 23% for the HADS-D to 

32% for the HADS-total. Low PPVs can be partially explained by the low prevalence rate 

of MDE in our sample. Low PPVs also suggest that self-rating depression scales are overly 

inclusive in CAD patients; therefore a large proportion of CAD patients screened 

positively for depression will not meet DSM-IV-TR criteria for MDE. Consequentially, low 

PPVs might lead to an over-burden of available resources. In addition, there is a lack of 

evidence that systematic screening for depression improves outcomes in CAD patients 

and there are no studies evaluating safety of systematic screening for depression in CAD 

patients [11, 12, 13]. Patients with false-positive screening results are at increased  risk of 

receiving unnecessary anti-depressive treatment; especially if the healthcare provider 

relies only on screening results that  are not confirmed by structured psychiatric 

interview or psychiatric consultation. Therefore patients who screen positive for MDE 

using self-rating instruments might benefit from a second-step diagnostic intervention. 

Further studies establishing a reliable two-step diagnostic protocol for depression in CAD 

patients are needed. On the other hand, our results suggest that depression can be 

reliably ruled-out in CAD patients as suggested by high to moderate specificities and high 

NPVs of the HADS and BDI-II.  

We found that the optimal cut-off value of the BDI-II for screening of MDE was 

≥14 corresponding to results from previous studies [17, 22, 23]. Frassure-Smith and 

Lesperance [22] reported higher sensitivity (91%) of the BDI-II; whereas Low and Hubley 

[23] and Strik and colleagues [17] reported lower sensitivity of the BDI-II (83% and 82%, 

respectively). PPVs of the BDI-II were low in previous studies ranging from 24% [22] to 

33% [17], which correspond to results from our study. Therefore, CAD patients who score 

≥14 on the BDI-II should undergo further diagnostic evaluation for definitive diagnosis of 

MDE.  
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A cut-off value for the HADS-D of ≥8 that has been previously proposed [14] 

resulted in unacceptably low sensitivity in the current cohort of CAD patients; therefore 

we recommend using a cut-off value of ≥5 of the HADS-D for screening of MDE in CAD 

patients. Strik and colleagues [17] evaluated psychometric properties of the HADS-total, 

HADS-D and HADS-A for screening of MDE according to outcome based on  the 

Structured Clinical Interview for DSM-IV [28] in CAD patients, and reported higher AUCs 

and lower optimal cut-off values with higher sensitivity and with higher specificity. In the 

current study we also found that the HADS-A had superior psychometric properties and 

higher optimal cut-off value for screening of MDE than the HADS-D, corresponding to 

previous research [16,17,29], suggesting that both subscales of the HADS target different 

dimensions of MDE. Therefore, we recommend using the HADS-A and HADS-total scores 

in addition to the HADS-D score when screening for depressed CAD patients.  

The results of this study cannot be generalized to patients presenting with acute 

coronary syndromes because our study sample consisted of stable CAD patients 

undergoing cardiac rehabilitation 2 weeks after the episode of acute coronary syndrome. 

Also, the majority of our patients had mild to moderate heart failure; therefore studies 

evaluating the psychometric properties of depression screening instruments in patients 

with more advanced heart failure are needed. We have recently shown that the HADS-D 

and BDI-II items targeting fatigue, the most common somatic symptom of heart failure, 

do not interfere with evaluation of depressive symptoms in CAD patients [30]. In 

addition, test-retest reliability of the HADS and BDI-II was not evaluated in the current 

study. Finally, studies evaluating change in medical outcomes following systematic 

depression screening in CAD patients are warranted.  The strengths of this study include 

the relatively large sample size of CAD patients undergoing rehabilitation and the use of a 

reliable golden standard with which to compare screening instruments. 

 

Conclusions 

In sum, internal consistencies of the HADS and BDI-II are high. The BDI-II and 

HADS-A demonstrate the higher sensitivity compared to the HADS-D and HADS-total for 

screening of MDE in CAD patients. PPVs of all depression screening instruments are low 

in CAD patients. 



Chapter 2 

 

42 

 

Acknowledgment 

We thank Dr. Susan S. Girdler from the University of North Carolina at Chapel Hill 

for her redaction and comments during the preparation of the manuscript.  

 



Screening for depression 

 

43 

References 

1. Rutledge T, Reis VA, Linke SE, Greenberg BH, Mills PJ. Depression in heart failure a 

meta-analytic review of prevalence, intervention effects, and associations with 

clinical outcomes. J Am Coll Cardiol 2006;48:1527-37. 

2. Frasure-Smith N, Lespérance F. Depression and coronary artery disease. Herz 

2006;31:64-8. 

3. Bunevicius R, Varoneckas G, Prange AJ Jr, Hinderliter A, Gintauskiene V, Girdler 

SS. Depression and thyroid axis function in coronary artery disease: impact of 

cardiac impairment and gender. Clin Cardiol 2006;29:170-4. 

4. Rumsfeld JS, Havranek E, Masoudi FA, Peterson ED, Jones P, Tooley JF, Krumholz 

HM, Spertus JA; Cardiovascular Outcomes Research Consortium. Depressive 

symptoms are the strongest predictors of short-term declines in health status in 

patients with heart failure. J Am Coll Cardiol 2003;42:1811–7. 

5. Stafford L, Berk M, Reddy P, Jackson HJ. Comorbid depression and health-related 

quality of life in patients with coronary artery disease. J Psychosom Res 

2007;62:401-10. 

6. Bunevicius A, Stankus A, Brozaitiene J, Girdler SS, Bunevicius R. Relationship of 

fatigue and exercise capacity with emotional and physical state in patients with 

coronary artery disease admitted for rehabilitation program. Am Heart J 

2011;162:310-6.  

7. Feinstein RE, Blumenfield M, Orlowski B, Frishman WH, Ovanessian S. A national 

survey of cardiovascular physicians' beliefs and clinical care practices when 

diagnosing and treating depression in patients with cardiovascular disease. 

Cardiol Rev 2006;14:164-9. 

8. Gelenberg AJ. Using assessment tools to screen for, diagnose, and treat major 

depressive disorder in clinical practice. J Clin Psychiatry 2010;71 Suppl E1:e01. 

9. Williams JW Jr, Pignone M, Ramirez G, Perez Stellato C. Identifying depression in 

primary care: a literature synthesis of case-finding instruments. Gen Hosp 

Psychiatry 2002;24:225-37. 

10. Lichtman JH, Bigger JT Jr, Blumenthal JA, Frasure-Smith N, Kaufmann PG, 

Lespérance F, Mark DB, Sheps DS, Taylor CB, Froelicher ES; American Heart 



Chapter 2 

 

44 

Association Prevention Committee of the Council on Cardiovascular Nursing; 

American Heart Association Council on Clinical Cardiology; American Heart 

Association Council on Epidemiology and Prevention; American Heart Association 

Interdisciplinary Council on Quality of Care and Outcomes Research; American 

Psychiatric Association. Depression and coronary heart disease: 

recommendations for screening, referral, and treatment: a science advisory from 

the American Heart Association Prevention Committee of the Council on 

Cardiovascular Nursing, Council on Clinical Cardiology, Council on Epidemiology 

and Prevention, and Interdisciplinary Council on Quality of Care and Outcomes 

Research: endorsed by the American Psychiatric Association. Circulation 

2008;118:1768–75. 

11. Hasnain M, Vieweg WV, Lesnefsky EJ, Pandurangi AK. Depression screening in 

patients with coronary heart disease: A critical evaluation of the AHA guidelines. J 

Psychosom Res 2011;71:6-12. 

12. Ziegelstein RC, Thombs BD. Is routine screening a parachute for heart disease 

patients with depression? J Psychosom Res 2011;71:3-5. 

13. Thombs BD, de Jonge P, Coyne JC, Whooley MA, Frasure-Smith N, Mitchell AJ, 

Zuidersma M, Eze-Nliam C, Lima BB, Smith CG, Soderlund K, Ziegelstein RC. 

Depression screening and patient outcomes in cardiovascular care: a systematic 

review. JAMA 2008;300:2161-71. 

14. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatr 

Scand 1983;67:361-70. 

15. Bunevicius A, Peceliuniene J, Mickuviene N, Valius L, Bunevicius R. Screening for 

depression and anxiety disorders in primary care patients. Depress Anxiety 

2007;24:455-60. 

16. Bjelland I, Dahl AA, Haug TT, Neckelmann D. The validity of the Hospital Anxiety 

and Depression Scale. An updated literature review. J Psychosom Res 2002;52:69–

77. 

17. Strik JJ, Honig A, Lousberg R, Denollet J. Sensitivity and specificity of observer and 

self-report questionnaires in major and minor depression following myocardial 

infarction. Psychosomatics 2001;42:423-8. 



Screening for depression 

 

45 

18. Haworth JE, Moniz-Cook E, Clark AL, Wang M, Cleland JG. An evaluation of two 

self-report screening measures for mood in an out-patient chronic heart failure 

population. Int J Geriatr Psychiatry 2007;22:1147-53. 

19. Martin CR, Thompson DR, Barth J. Factor structure of the Hospital Anxiety and 

Depression Scale in coronary heart disease patients in three countries. J Eval Clin 

Pract 2008;14:281-7. 

20. Hunt-Shanks T, Blanchard C, Reid R, Fortier M, Cappelli M. A psychometric 

evaluation of the Hospital Anxiety and Depression Scale in cardiac patients: 

addressing factor structure and gender invariance. Br J Health Psychol 

2010;15:97-114. 

21. Beck AT, Steer RA, Brown GK. Manual for the beck depression inventory (BDI-II). 

2nd ed. San Antonio, TX: The Psychological Association; 1996. 

22. Frasure-Smith N, Lespérance F. Depression and anxiety as predictors of 2-year 

cardiac events in patients with stable coronary artery disease. Arch Gen 

Psychiatry. 2008;65:62-71. 

23. Low GD, Hubley AM. Screening for depression after cardiac events using the Beck 

Depression Inventory-II and the Geriatric Depression Scale. Social Indicators 

Research: An International and Interdisciplinary Journal for Quality-of-Life 

Measurement 2007;82:527-543. 

24. Beck AT, Steer RA, Garbin MG. Psychometric properties of the Beck Depression 

Inventory: twenty-five years of evaluation. Clin Psychol Rev 1988;8:77–100. 

25. Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J, Weiller E, Hergueta T, 

Baker R, Dunbar GC. The Mini-International Neuropsychiatric Interview (M.I.N.I.): 

the development and validation of a structured diagnostic psychiatric interview 

for DSM-IV and ICD-10. J Clin Psychiatry 1998;59:22–33. 

26. American Psychiatric Association. 2000. Diagnostic and statistical manual of 

mental disorders (text revision). Washington, DC. 

27. Bunevicius R, Velickiene D, Prange AJ Jr. Mood and anxiety disorders in women 

with treated hyperthyroidism and ophthalmopathy caused by Graves’ disease. 

Gen Hosp Psychiatry 2005; 27:133–139. 



Chapter 2 

 

46 

28. First MB, Spitzer RL, Gibbon M, Williams JB. Structured Clinical Interview for DSM-

IV Axis I Disorders-Patient Edition (SCID-I/P, Version 2.0). New York, Biometrics 

Research Department, New York State Psychiatric Institute, 1995. 

29. Herrmann C. International experiences with the hospital anxiety and depression 

rating scale: a review of validation data and clinical results. J Psychosom Res 

1997;1:17–41. 

30. Bunevicius A, Brozaitiene J, Stankus A, Bunevicius R. Specific fatigue related items 

in self-rating depression scales do not bias an association between depression 

and fatigue in patients with coronary artery disease. Gen Hosp Psych 

2011;33:527-9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

47 

 



 

48 



 

49 

CHAPTER 3 

 

 

 

Specific fatigue related items in self-rating depression scales do 

not bias an association between depression and fatigue in 

patients with coronary artery disease 

 

 

 

 

Bunevicius A, Brozaitiene J, Stankus A, Bunevicius R 

General Hospital Psychiatry 2011;33(5):527-529 

 

 



Chapter 3 

 

50 

ABSTRACT 

Objective. Self-rating instruments for depression include questions targeting fatigue that 

is a common symptom of coronary artery disease (CAD) patients. We evaluated if specific 

fatigue related questions in self-reported instruments of depression bias an association 

between fatigue and depression in CAD patients. Methods. A total of 1470 CAD patients 

attending cardiac rehabilitation program were evaluated for fatigue using the 

Multidimensional Fatigue Inventory (MFI-20) and for symptoms of depression using the 

Hospital Anxiety and Depression scale depression subscale (HADS-D) and the Beck 

Depression Inventory-II (BDI-II).  Results. There was moderate correlation between MFI-

20 scores versus HADS-D scores and BDI-II scores with stronger association in patients 

with less severe heart failure when compared to patients with more severe heart failure. 

Removal of questions targeting fatigue from the HADS-D and BDI-II did not significantly 

change the association. Conclusions. Fatigue related items should not be removed from 

the HADS-D and BDI-II when evaluating CAD patients for depressive symptoms. 
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Introduction  

Depression is prevalent in coronary artery disease (CAD) patients, is associated 

with adverse outcomes, and therefore should be promptly diagnosed and treated [1, 2].  

However, screening for depression and assessing severity of depressive symptoms as well 

as evaluating whether depressive symptoms are independent predictor of adverse 

outcomes in CAD patients might be a challenge, because the majority of self-reported 

instruments include items targeting physical symptoms of depression, such as fatigue. 

Fatigue is a common symptom of CAD and subsequent heart failure, and is strongly 

associated with depressive symptoms even after controlling for a number of clinical 

variables [3]; therefore one may expect increased rate of false-positive depression 

screening test results [4] in fatigued CAD patients. We aimed to evaluate if specific 

fatigue related items in standard self-report instruments of depression bias an 

association between subjective fatigue and depression in CAD patients. 

 

Methods 

A total of 1470 (64% men; mean age 57±11 years) consecutive CAD patients 

attending cardiac rehabilitation program two weeks after inpatients treatment of acute 

coronary syndromes were evaluated for fatigue using the Multidimensional Fatigue 

Inventory (MFI-20) [5] and for depressive symptoms using depression subscale of the 

Hospital Anxiety and Depression scale (HADS-D) [6, 7] and the Beck Depression 

Inventory-II (BDI-II) [8]. Detailed characteristics of our study group are presented 

elsewhere [3]. In short, the majority of patients were NYHA II functional class (74%), had 

stage B (40%) and stage C (15%) heart failure [9], and a history of myocardial infarction 

(MI) (56%).  The MFI-20 is a 20-item self-report questionnaire comprised of general 

fatigue, physical fatigue, reduced activity, reduced motivation and mental fatigue 

subscales, with four items in each subscale. Higher score indicates higher levels of 

fatigue. HADS-D includes seven items with one HADS-D question (“I feel as if I am slowed 

down”) possibly targeting fatigue. BDI-II includes 21 items with two questions targeting 

fatigue (“loss of energy” and “tiredness or fatigue”). Higher scores on the HADS-D and 

BDI-II indicate more severe depressive symptoms. 

Using Fisher r-to-z transformation we calculated statistical significance of the 

difference between Pearson’s correlation coefficients between MFI-20 scores versus 
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HADS-D scores and versus BDI-II scores in three occasions: versus total depression score, 

versus depression score when item(s) targeting fatigue were removed, and versus 

removed item(s) score.  We also compared Pearson’s correlation coefficients between 

scores on MFI-20 subscales versus HADS-D scores and BDI-II scores stratified by NYHA 

functional class. 

 

Results 

There was strong positive correlation between HADS-D scores and BDI-II scores 

(r=.67, p<.001). MFI-20 scores correlated moderately with total HADS-D and BDI-II scores 

(Table 1). Pearson’s correlation coefficients between MFI-20 subscales and total HADS-D 

versus MFI-20 subscales and total BDI-II were not different. Removal of questions 

targeting fatigue from the HADS-D and BDI-II resulted in small but not-significant 

decrease in Pearson’s correlation coefficients between scores on all MFI-20 subscales 

and scores on the HADS-D and BDI-II.  

 

Table 1. Pearson’s correlation coefficients (r) between depression scores and fatigue 

scores in 1470 patients with coronary artery disease (all ps<0.001). 

Multidimensional 

Fatigue Inventory 

Hospital Anxiety and 

Depression scale, Subscale of 

Depression 

Beck Depression Inventory-II 

 
Total  

score 

Item 8 

removed 

Item 8 Total 

score 

Items 15 and 

20 removed 

Items  

15 and 20 

General fatigue .469A .433 .418 .503A .481B .371 

Physical fatigue .341 .309 .322 .385A .347 .325 

Reduced activity  .381 .347 .348 .383 .346 .326 

Reduced motivation .401A .381 .341 .408A .377 .329 

Mental fatigue .469A .437 .381 .503A .494B .289 
Item 8, “I feel as if I am slowed down”; Item 15, “loss of energy”; Item 20, “tiredness or 

fatigue”. 
A Pearson’s r of total score > Pearson’s r of removed item (s), p<0.05 
B Pearson’s r of total score with item (s) removed > Pearson’s r of removed item (s), 

p<0.05 
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Scores on original HADS-D and BDI-II constructs correlated stronger with scores 

on MFI-20 subscales of general fatigue, reduced motivation and mental fatigue than 

removed HADS-D and BDI-II item(s) targeting fatigue.  

There was significantly stronger correlation of scores on MFI-20 subscales of 

reduced activity, reduced motivation and mental fatigue with scores on the HADS-D and 

BDI-II in NYHA class I patients when compared to NYHA class II patients and to NYHA class 

III patients (Table 2). There was also significantly lower correlation of MFI-20 general 

fatigue scores with HADS-D and BDI-II scores in NYHA class III patients when compared to 

NYHA class I patients and to NYHA class II patients. 

 

Table 2. Pearson’s correlation coefficients (r) between depression scores and fatigue 

scores in 1470 patients with coronary artery disease stratified for NYHA functional class 

(all ps<0.001). 

Multidimensional 

Fatigue Inventory 

Hospital Anxiety and 

Depression scale, Subscale of 

Depression 

Beck Depression Inventory-II 

NYHA class NYHA class 

 
I 

(n=144) 

II 

(n=1090) 

III 

(n=236) 

I 

(n=142) 

II 

(n=1090) 

III 

(n=236) 

General fatigue  .575B .475C .346 .611B .508 C .366 

Physical fatigue .343 .354 .286 .378 .391 .342 

Reduced activity  .552A, B .361 .340 .562A, B .358 .321 

Reduced 

motivation 

.543 A, B .380 .367 .615A, B .373 .360 

Mental fatigue .630A, B .455 .378 .642A, B .494 .402 
A Pearson r NYHA I > Pearson r NYHA II, p<0.05 
B Pearson r NYHA I > Pearson r NYHA III, p<0.05 
C Pearson r NYHA II > Pearson r NYHA III, p<0.05 
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Discussion 

Association between fatigue and depressive symptoms was similar when 

evaluating depression with BDI-II or with HADS-D, suggesting that both instruments 

similarly reflect fatigue in CAD patients. BDI-II was designed for psychiatric patients and 

HADS-D was designed for somatic patients; therefore, the majority of somatic symptoms 

of depression were excluded from HADS-D [10] but not from BDI-II.  

Removal of items targeting fatigue from the BDI-II and from the HADS-D resulted 

in minimal and not significant decrease of correlation coefficients suggesting that 

depression itself, rather than specific items related to fatigue determine an association 

between subjective fatigue and depression in CAD patients.   

Somatic aspects of fatigue, such as physical fatigue and reduced activity, 

correlated weaker with depression when compared to mental aspects of fatigue, such as 

reduced motivation, general fatigue and mental fatigue, suggesting that somatic aspects 

of fatigue might better reflect fatigue associated with medical illness, whereas mental 

aspects of fatigue might better reflect fatigue associated with depression. Also, mental 

aspects of fatigue might overlap with other symptoms of depression, besides those 

evaluated using fatigue related questions, because mental aspects of fatigue, but not 

somatic aspects of fatigue, correlated stronger with total scores on the HADS-D and BDI-II 

than with fatigue related items. 

The association between depression and fatigue, except physical fatigue, 

decreased with decline in functional class, suggesting that in early CAD phase depression 

might play a major role in fatigue and with progression of functional decline 

cardiovascular factors may be more important in fatigue. Also, depression might be less 

important for physical fatigue symptoms and physical fatigue might be perceived 

differently than mental aspects of fatigue in depressed CAD patients, as suggested by 

weak and relatively stable association between physical fatigue and depression 

throughout all NYHA classes. Also, physical fatigue subscale versus mental fatigue 

subscales of the MFI-20 can help to discriminate fatigue related to CAD from fatigue 

related to depression, respectively.  

In conclusion, HADS-D and BDI-II should be used in their original construct when 

evaluating CAD patients. With progression of CAD an association between depression 

and fatigue weakens.  
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Abstract  

Objective. Observer-rating depression scales, such as the Montgomery Åsberg 

Depression rating scale (MADRS), are widely used in outpatient clinic to assess the 

severity of depressive symptoms. For the first time we evaluated in patients with 

coronary artery disease (CAD) factor structure and psychometric properties of the 

MADRS for identifying patients with current major depressive episode (MDE). We also 

assessed construct validity of the MADRS against self-rating scales. Methods. In this 

study consecutive 522 CAD patients at admission to the cardiac rehabilitation program 

were interviewed for the severity of depressive symptoms using the MADRS and for 

current MDE using the structured Mini International Neuropsychiatric Interview. Also, all 

patients completed the Hospital anxiety and depression scale (HADS) and the Beck 

depression inventory-II (BDI-II). Results. We found that The MADRS had one-factor 

structure and high internal consistency (Cronbach’s coefficient α=.82). Confirmative 

Factor Analysis revealed an adequate fit: CFI=.95, NFI=.91 and RMSEA=.07. The area 

under the ROC curve of the MADRS for screening for current MDE was .93. At cut-off 

value of 10 or more the MADRS had good psychometric properties for identifying current 

MDE (PPV=42%, with sensitivity=88% and specificity=85%). There was also a moderate to 

strong correlation of MADRS scores with scores on self-rating scales ranging from r=.50 

(p<.001) for the HADS-D to r=.64 (p<.001) for the BDI-II. Conclusions. In sum, In CAD 

patients undergoing rehabilitation the MADRS is unidimensional instrument with high 

internal consistency and can be used for identifying depressed CAD patients. The 

association between MADRS and self-rating depression scores is moderate to strong.  
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Introduction 

Major depressive disorder is highly prevalent in patients with coronary artery 

disease (CAD) with estimated point-prevalence rates ranging from 15% to 20% and is 

associated with adverse cardiac outcomes [1-3]. Elevated levels of depressive symptoms 

are even more prevalent in CAD patients and there is ample evidence suggesting that 

depressive symptoms are associated with adverse clinical outcomes, worse quality of life 

and higher levels of fatigue [2, 4, 5]. Moreover, dose-response relationship was 

demonstrated between severity of depressive symptoms and long term survival of 

patients after myocardial infarction (MI) [6]. Therefore, proper screening and assessment 

of the severity of depressive symptoms is an important issue in patients with CAD. The 

American Heart Association recommended systematic screening for depression of CAD 

patients using the Patients Health Questionnaire-2, but there remains a debate in the 

literature regarding efficacy, safety and cost-effectiveness of these recommendations [3, 

7-9].  Thus, the optimal algorithms for evaluation of depression in CAD patients need to 

be studied [8, 9]. 

Two major types of diagnostic instruments are used to evaluate the severity of 

depressive symptoms: observer-rating scales and self-rating scales. The administration of 

self-rating depression scales is preferentially used in large samples while observer-rating 

scales are often used for follow-up of the efficacy of antidepressant treatment [10]. The 

Montgomery Åsberg depression rating scale (MADRS) is a well-known observer rating 

scale and is commonly used to evaluate the efficacy of antidepressant treatment in 

psychiatric populations [11, 12].  Also, it is widely used in cardiac patients for evaluation 

of depressive symptoms’ severity and efficacy of antidepressant treatment [13, 14]. 

Findings regarding factor structure of the MADRS are highly variable across different 

cultures and different population of patients ranging from one [15, 16] to three factor 

solutions [17-20]. However, so far, factor structure and construct validity of the MADRS 

has not been reported in CAD patients. Also, to the best of our knowledge, the feasibility 

of the MADRS for identifying depressed patients has not been assessed. 

In contrast to observer-rating scales where the patients subjective perception is 

less prominent or absent, completing self-rating depression scales are subject to the 

patient own perception of their mood symptoms. The Hospital anxiety and depression 

scale (HADS) [21] and the Beck depression inventory-II (BDI-II) [22] are widely used in 
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CAD patients for screening of current depressive symptoms and for evaluation of severity 

of depressive symptoms [2, 3, 23, 24]. However, the majority of CAD patients screened 

positive using self-rating scales will not meet the Diagnostic and statistical manual of 

mental disorders (DSM) criteria of depressive disorders, as suggested by low to moderate 

positive predictive values of self-rating scales [3, 25]. Also, it remains unclear whether 

self-rating scales can be used interchangeably with observer-rating scales for evaluation 

of severity of depressive symptoms in CAD patients.  

In the current study we aimed to evaluate in CAD patients: (1) factor structure 

and internal consistency of the MADRS, (2) construct validity of the MADRS for 

identification of CAD patients with a current major depressive episode (MDE), and (3) 

concurrent validity between the MADRS and self-rating depression scales. 

 

Methods 

Patients 

Between February 2007 and January 2011 six-hundred and thirty two consecutive 

CAD patients attending a cardiac rehabilitation program at the Behavioral Medicine 

Institute of the Lithuanian University of Health Sciences in Palanga, Lithuania, were 

invited to participate in this study. All patients were referred for cardiac rehabilitation 

within a week after inpatient treatment for acute MI or for an episode of chest angina 

and were receiving standard treatment for secondary prevention of CAD according to the 

existing guidelines. Patients were not included in the study if they were older than 80 

years of age, had cognitive disorientation or communicative disabilities, had other severe 

diseases, or did not speak Lithuanian fluently. Ninety-three (15%) patients did not 

consent to participate in the study and 17 (3%) patients were excluded from the analysis 

because they were taking antidepressants at the time of the study. Therefore, our final 

study sample consisted of 522 CAD patients. 

The total sample of CAD patients was randomly divided into two groups using the 

odds and events split method. The first group (Group A) consisted of 293 CAD patients 

and the second group (Group B) consisted of 229 CAD patients. Group A was used for 

exploratory factor analysis (EFA) and Group B was used for confirmatory factor analysis 

(CFA). Total sample of CAD patients was used for evaluation of psychometric properties 
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of the MADRS to identify CAD patients with a current major depressive episode (MDE) 

and for comparing self-rating scales with the MADRS. 

 

Procedure  

The study and its consent procedures were approved by the Ethics Committee for 

Biomedical Research at the Lithuanian University of Health Sciences, Kaunas, Lithuania. 

The investigation was carried out in accordance with the Declaration of Helsinki. A 

written informed consent was obtained from each study patient.  

Within three days of admission to the rehabilitation clinic all patients were 

evaluated for demographic characteristics, clinical characteristics, including past and 

current diagnosis and treatments, current diabetes, hypertension and New York Heart 

Association (NYHA) functional class, and symptoms of depression and anxiety by the 

means of self-rating scales the HADS [21] and BDI-II [22]. Next day all patients were 

interviewed by a trained interviewer (M.S.) for current MDE using the structured Mini 

International Neuropsychiatric Interview (MINI) [26]. The severity of depressive 

symptoms was assessed using the MADRS [11]. The interviewer was blind to scores on 

the HADS and BDI-II.  

 

Instruments 

The MINI is a structured clinical interview designed to establish clinical psychiatric 

diagnosis based on modern diagnostic criteria [26]. It has a modular structure and 

specific modules include questions for specific past or current psychiatric diagnoses. In 

this study we used MINI module that evaluates for current MDE during the last two 

weeks according to the DSM IV-text revision (DSM-IV-TR) criteria [27]. All diagnoses were 

based on a consensus diagnostic session with a psychiatrist (R.B.).  

The MADRS is a 10-itiems observer-rating scale rated on a seven point scale from 

0 to 6 according to the severity of current depressive symptoms [11]. Total MADRS score 

varies from 0 to 60, with higher score indicating more severe depressive symptoms. A 

score of ≥10 on the MADRS suggests mild depression [12, 28]. 

The HADS is a 14-item self-rating scale that consists of the subscales of anxiety 

(HADS-A) and depression (HADS-D) that evaluate for respective symptoms during the last 

week [21]. Possible scores in both subscales range from 0 to 21 with higher scores 
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indicating more severe respective symptoms. We also calculated the total score on the 

HADS (HADS-total) by adding scores on the HADS-A and HADS-D together.  

The BDI-II is a 21-item self-rating scale that evaluates severity of depressive 

symptoms during the last two weeks [22]. Each item is rated from 0 to 3. Total scores on 

the BDI-II range from 0 to 63 with higher scores indicating more severe depressive 

symptoms.  

 

Statistical Analysis 

Data were analyzed with the PASW for Windows (IBM, Chicago, Illinois, USA). 

Data are presented as mean ± standard deviation for continuous variables and as number 

(percentages) for categorical variables. The confirmatory factor analysis was done using 

the AMOS (version 18, IBM, Chicago, Illinois, USA). 

Factor analysis is widely used in psychometric research for evaluation of 

dimensionality of (self)rating  scales by evaluating the pattern of correlations between 

the items of the questionnaire. Ideally, a thorough research of an instrument should 

consist of an EFA in which the existence of one or more dimensions is investigated. 

Subsequently, this analysis should be followed by a CFA to determine whether the 

predefined dimension(s) fit(s) the observed dataset. First, in Group A we performed EFA 

of the MADRS. A principal component analysis with an oblimin rotation and a scree plot 

were used to select factors for retention. The cut-off for item factor loadings was set at a 

coefficient level of ≥ .40. Internal consistency was measured by the Cronbach’s α for the 

total MADRS scale and for possible subscales derived from factor analysis. Second, in 

Group B we performed CFA to test the stability of the factor structure found in Group A. 

The comparative fit index (CFI), normed fit index (NFI), and the root mean square error of 

approximation (RMSEA) were used to evaluate model fit. A CFI of ≥ .80 in combination 

with a NFI of ≥ .80 and a RMSEA of ≤ .06 are generally considered as indicators of 

adequate fit of a model [29].  

Next, in the whole sample of 522 patients, using two-tailed independent sample 

t-test we compared scores on the MADRS, BDI-II, HADS-D, HADS-A and HADS-total in 

patients with current MDD versus patients without current MDE. We also assessed in all 

patients the construct validity of the MADRS for identifying patients with current MDE. 

The optimal cut-off value of the MADRS was determined by visually assessing the area 
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under the ROC curve (AUC). For five optimal cut-off values we calculated sensitivity, 

specificity, positive predictive value (PPV) and negative predictive value (NPV) together 

with 95% Confidence Interval (CI). Finally, in all patients, we assessed concurrent validity 

between the MADRS, BDI-II, HADS-total, HADS-D and HADS-A using Pearson’s correlation 

(r; two-tailed, p < 0.01). 

 

Results 

Baseline characteristics 

Clinical, demographic and psychiatric characteristics of all patients and of patients 

in Group A and in Group B are presented in Table 1. Median age of all patients was 58 

years. There was significantly higher proportion of men (p=.03). The majority of patients 

had graduated from high school (47%), were married (82%), had NYHA functional class II 

(72%), hypertension (81%), angina pectoris (60%), a history of MI (70%), and previous 

percutaneous coronary intervention (79%). Fifty-five (11%) patients had diabetes 

mellitus. There were no statistically significant differences of demographic, clinical and 

psychiatric characteristics between Group A and Group B (Table 1). 

 

Table 1. Demographic characteristics, clinical characteristics and psychiatric 

characteristics of all patients with CAD, of Group A patients and of Group B patients. 

 All 

patients, 

n=522 

Group A, 

n=293 

Group B, 

n=229 

Group A vs. Group B* 

t (p) X2 (p) 

Demographic characteristics 

Age (years), mean ± SD 57.8±9.0 57.7±9.0 58.0±9.0 -.47 (.64) - 

Gender, n (%) 

   Men 

   Women 

 

378 (72) 

144 (28) 

 

223 (76) 

70 (24) 

 

155 (68) 

74 (32) 

- 

 

4.57 (.03) 

Education, n (%) 

   Up to 8 years 

   High school 

   College/ university degree 

 

56 (11) 

246 (47) 

220 (42) 

 

27 (9) 

140 (48) 

126 (43) 

 

29 (13) 

106 (46) 

94 (41) 

- 

 

 

1.60 (.45) 

Married, n (%) 428 (82) 243 (83) 185 (81) - .04 (.57) 
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Table 1 (continued). 

Clinical characteristics 

NYHA class, n (%) 

   I 

   II 

   III 

 

42 (8) 

374 (72) 

106 (20) 

 

27 (9) 

212 (72) 

54 (18) 

 

15 (7) 

162 (71) 

52 (23) 

- 

 

2.34 (.31) 

Hypertension, n (%) 425 (81) 234 (80) 191 (83) - 1.07 (.30) 

Angina Pectoris, n (%) 314 (60) 173 (59) 141 (62) - .34 (.56) 

Myocardial Infarction, n (%) 366 (70) 156 (68) 210 (72) - .77 (.38) 

Previous treatments, n (%) 

  PCI 

  CABG 

 

410 (79) 

13 (3) 

 

227 (78) 

3 (1) 

 

183 (80) 

10 (3) 

- 2.62 (.45) 

Diabetes mellitus, n (%) 55 (11) 29 (10) 26 (11) - .29 (.59) 

BMI (kg/m2), mean ± SD 30.1±5.1 30.1±5.4 30.1±4.7 .07 (.94) - 

Psychiatric characteristics 

MDE, n (%) 56 (11) 30 (10) 26 (11) - .12 (.73) 

MADRS score, mean ± SD 6.4±6.3 6.4±6.1 6.3±6.5 .34 (.73) - 

HADS score, mean ± SD 

  Depression 

  Anxiety 

  Total 

 

3.9±3.1 

6.1±3.7 

10.1±6.1 

 

3.8±3.1 

5.9±3.8 

9.8±6.1 

 

4.1±3.2 

6.4±3.7 

10.5±6.2 

 

-1.11 (.27) 

-1.24 (.21) 

-1.32 (.19) 

 

- 

- 

- 

BDI-II score, mean ± SD 11.0±8.2 10.4±7.9 11.7±8.5 -1.80 (.07) - 

In bold p<0.05 

BDI-II, Beck depression inventory-II;  BMI, Body mass index; CABG, coronary artery by-

pass graft surgery; HADS, Hospital anxiety and depression scale; MADRS, Montgomery-

Åsberg depression rating scale; MDE, major depressive episode; NYHA, New York Heart 

Association; PCI, percutaneous coronary intervention. 

* Differences between Group A and Group B tested using independent sample t-tests and 

Pearson Chi Square test. 
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Factor structure of the MADRS 

In Group A, the Kaiser-Meyer-Olkin index (.86) and Bartlett’s test of sphericity 

(p<.001) indicated that all assumptions for conducting principal component analysis of 

the MADRS were met. EFA together with the scree plot of the MADRS items revealed one 

component explaining 41% of variance. All MADRS items loaded between .47 and .81 

(see Table 2).  

 

Table 2. Factor loading of the MADRS items in 293 CAD patients. 

MADRS items Factor loading 

Apparent Sadness 0.81 

Reported Sadness 0.81 

Suicidal Thoughts 0.68 

Inner Tension 0.68 

Pessimistic Thoughts 0.67 

Inability to Feel 0.59 

Lassitude 0.58 

Concentration Difficulties 0.52 

Reduced Sleep 0.53 

Reduced Appetite 0.47 

 

The internal consistency (Cronbach’s α) was .82. Subsequently, in Group B, this 

one factor structure of the MADRS was tested using CFA and revealed inadequate fit. 

Modification indices were checked for suggestions to improve the model: error 

covariance was added for items (4 and 5) measuring somatic depressive symptoms 

(reduced sleep and reduced appetite, respectively). After adjusting the model according 

to this suggestion an adequate fit was revealed: CFI = .95, NFI = .91 and RMSEA = .07. 
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Construct validity of the MADRS: identifying CAD patients with MDE 

Fifty-six (11%) patients had current MDE according to the MINI interview.  

Patients with MDE when compared to patients without MDE scored significantly higher 

(t-test, df = 521, two-tailed) on the MADRS (18.0 ± 8.1 vs. 4.95 ± 4.3, t =11.9, p<.001), 

BDI-II (23.3 ± 8.7 vs. 9.5 ± 6.8, t = 11.5, p<.001), HADS-D (7.3 ± 3.7 vs. 3.6 ± 2.8, t = 7.2,  

p<.001), HADS-A (10.9 ± 3.7 vs. 5.6 ± 3.3, t = 10.3, p < 0.001) and HADS-total (18.2 ± 6.4 

vs. 9.1 ± 5.4, t = 10.2, p<.001).  

In all CAD patients the AUC of the MADRS for identifying patients with MDE was 

.93 (see Table 3). Optimal cut-off value of the MADRS for identifying CAD patients with 

MDE was ≥10, with sensitivity of 88% (95%CI 75%-94%), specificity of 85% (95%CI 82%-

88%), PPV of 42% (95%CI 33%-51%) and NPV of 98% (95%CI 96%-99%; Table 3).  

 

Table 3. Pearson’s correlations (r) of MADRS and self-rating depression and anxiety 

scores in 522 CAD patients; Pearson’s r.  

 MADRS BDI-II HADS-T HADS-D HADS-A 

BDI-II .64 1 - - - 

HADS-T .62 .80 1 - - 

HADS-D .50 .72 .88 1 - 

HADS-A .60 .72 .92 .61 1 

All ps <.001 

BDI-II, Beck depression inventory-II; HADS-A, Hospital anxiety and depression scale 

anxiety subscale; HADS-D, Hospital anxiety and depression scale depression subscale; 

HADS-T, Hospital anxiety and depression scale total score; MADRS, Montgomery-Åsberg 

Depression Rating Scale. 

 

Concurrent validity 

There was a moderate to strong correlation of MADRS scores with self-rating 

scores ranging from r = .50 with the HADS-D to r = .64 with the BDI-II (see Table 4). 

Moreover, there were strong correlations between scores on all self-rating scales.  
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Table 4. Psychometric properties of the Montgomery-Åsberg Depression Rating Scale at 

different cut-off values for identifying coronary artery disease patients with major 

depressive episode, n = 522. 

Cut-off 

values 

Prevalence, 

n (%) 

Sensitivity, 

% (95%CI) 

Specificity, 

% (95%CI) 

PPV , 

% (95%CI) 

NPV, 

% (95%CI) 

AUC 

(95%CI) 

≥ 8 157 (30) 93 (82-98) 77 (73-81) 33 (26-41) 99 (97-100) .93 (.90-

.96) ≥ 9 134 (26) 89 (77-96) 82 (78-85) 38 (29-46) 98 (96-99) 

≥ 10 118 (23) 88 (75-94) 85 (82-88) 42 (33-51) 98 (96-99) 

≥ 11 99 (19) 79 (65-88) 88 (85-91) 45 (35-55) 97 (95-98) 

≥ 12 82 (16) 77 (63-87) 92 (89-94) 53 (42-64) 97 (95-98) 

Optimal cut-off value in bold. 

CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value; 

AUC, area under the receiver operating curve. 

 

Discussion  

We found that in CAD patients the MADRS had one factor structure on EFA which 

was confirmed by CFA. Also, the MADRS had good internal consistency and good 

psychometric properties for identifying CAD patients with MDE. As expected CAD 

patients with MDE scored higher on the MADRS and on self-rating scales when compared 

to non-depressed patients. Finally, MADRS scores correlated adequately with scores on 

self-rating scales. 

The finding of a one factor structure of the MADRS evaluated using EFA was 

previously reported in psychiatric outpatients with major depressive disorder [15] and in 

elderly patients from clinical services and from community [16]. Others have found 

three-factor structure of the MADRS in elderly stroke patients (anhedonia, sadness and 

agitation) [17], in patients with acquired brain injuries (depressed mood, somatic 

symptoms and negative symptoms) [18], in geriatric stroke patients (dysphoric 

apathy/retardation, psychic anxiety and vegetative symptoms) [30], in patients with 

major depressive disorder (dysphoria, retardation and vegetative symptoms) [20] and in 

patients with mild cognitive impairment (anhedonia-pessimism, anxiety-vegetative and 

cognitive-inhibition) [19]. Two-factor structure of the MADRS was reported in elderly 
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physically ill patients (anhedonia and dysphoria) [31]. However, it should be noted that in 

all of these studies multidimensionality of the MADRS was assessed using EFA and CFA 

was lacking to support the findings. In the current study, both the EFA and CFA suggested 

a one factor structure model of the MADRS indicating that in CAD patients undergoing 

rehabilitation all MADRS items target overall severity of depressive symptoms, rather 

than different clusters of depressive symptoms. As a consequence, total MADRS score, 

reflecting overall severity of depressive symptoms, should preferentially be used for 

research purposes rather than dismantling of depressive symptoms based on the MADRS 

interview. High internal consistency of the MADRS in our study corresponds to high 

internal consistency previously reported in psychiatric patients [15] and in patients with 

somatic diseases [16, 32].  

Next, at a cut-off value of ≥10 the MADRS was shown to be an adequate 

instrument for identifying CAD patients with MDE with high sensitivity (88%) and with 

high specificity (85%). It is noteworthy that this cut-off is also recommended to define 

remission of MDD in clinical practice or in clinical research studies [12, 28]. In the same 

sample of CAD patients, we have previously shown that the HADS and BDI-II were 

adequate instruments for screening of current MDE with sensitivities ranging from 77% 

of the HADS-D to 89% of the BDI-II and with specificities ranging from 69% of the HADS-D 

to 79% of the HADS-total [25]. However, PPVs of self-rating instruments were low (less 

than 32%) suggesting that a majority of CAD patients with positive screening results will 

not meet criteria for clinical depression. In the current study we found that the PPV of 

the MADRS was substantially higher (42%). In this regard the MADRS is superior to self-

rating scales in CAD patients; however, one should remember that administration of 

observer-rating scales for screening purposes is time consuming and less efficient 

economically. The fact that the PPV of the MADRS with regard to MDE is still relatively 

low (less than half of the positive cases on the MADRS proved to have a syndromal 

diagnosis of depression on the MINI) might partly be explained by the different time 

frames which are used in both instruments. The MINI refers to the occurrence of 

depressive symptoms affecting daily life during the previous 2 weeks, while the MADRS 

assesses the presence of depressive symptoms usually during the previous week. It is 

possible that patients who have been rated as currently depressed, do not meet the MINI 

criteria because the depressive symptoms did not last for 2 weeks nor did interfere with 



                                Assessment of depressive symptom severity 

 

71 

daily life during this period. Also, the MINI does not discriminate between bipolar and 

uni-polar depression while the MADRS has mainly been used in MDD patients and was 

also a pivotal scale in bipolar depression treatment trials [33, 34].  

Finally, depressed CAD patients, as expected, scored significantly higher on the 

MADRS, BDI-II and HADS suggesting that these instruments were capable of identifying 

higher levels of depressive symptoms in clinically depressed CAD patients. There was also 

a moderate to strong correlation between scores on the MADRS with scores on self-

rating scales suggesting adequate construct validity of the MADRS. There remains some 

discrepancy in the literature regarding the correlation between scores on self-rating and 

observer-rating depression scales. For example, the association between HADS-D scores 

and MADRS scores was high in post-stroke patients (r=.7) [32]. On the other hand, Helvik 

with colleagues (2011) reported moderate association between MADRS scores and 

HADS-D scores in hospitalized elderly patients (r=. 51) [35]. Similarly, the correlation 

between BDI-II scores and MADRS scores was reported moderate (r=.59) in adults with 

MDE [36]. Our findings regarding moderate to strong correlation between scores on the 

MADRS and depression self- rating scales in our cohort can be partially explained (1) by 

the low prevalence of depressive disorders (11%) and (2) by the variable dimensionality 

of the HADS [37] and BDI-II [38 ,39] previously reported in different cultures and in 

different populations of patients. Also, strong to moderate correlations between self-

rating scales and the MADRS suggest that self-rating depression scales can be used for 

evaluation of depressive symptom severity in CAD patients.  

This study has several limitations. Cross-sectional design does not allow 

evaluating stability over time (test re-test reliability) and functionalities of the MADRS. 

Moreover, the cross-sectional design does not inform which instrument (self-rating or 

observational) should preferentially be used to detect changes of severity of depressive 

symptoms over time in CAD patients. These figures are important because observational 

scales are more expensive for use in large patient population compared to self-rating 

scales, especially when the latter are used more and more now by internet. Also, strictly 

speaking, from this data a claim about the screening cut-off score cannot be made as the 

analysis has been fitted to the data rather than an experimental test of an a priori cutoff 

being made. However, to the best of our knowledge this is the first paper evaluating 

optimal cut-off values of the MADRS for identification of clinical depression. Therefore 
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we had no a priori hypotheses regarding optimal cut-off value of the MADRS. More 

research is needed to test optimal cut-off point of the MADRS. On the other hand, the 

major strength of the current study is that for the first time the factor structure of the 

MADRS has been investigated in a large homogenous sample of CAD patients using EFA 

as well as CFA and construct validity of the MADRS has been compared with two widely 

used self-rating scales the BDI-II and HADS.  

 

Conclusions 

In conclusion, we found that the MADRS is a unidimensional and reliable 

instrument in CAD patients and can be used to evaluate CAD patients. The fact that the 

MADRS showed to be a robust instrument is important because it is preferentially used 

to evaluate changes of severity of depressive symptoms over time. Because depression is 

very common in CAD depression, the MADRS is a valuable instrument for follow-up of 

CAD patients in general. 

 

 



                                Assessment of depressive symptom severity 

 

73 

References 

1. Frasure-Smith N, Lespérance F, Talajic M. Depression and 18-month prognosis 

after myocardial infarction. Circulation 1995;91:999-1005. 

2. Meijer A, Conradi HJ, Bos EH, Thombs BD, van Melle JP, de Jonge P. Prognostic 

association of depression following myocardial infarction with mortality and 

cardiovascular events: a meta-analysis of 25 years of research. Gen Hosp 

Psych 2011;33:203-216. 

3. Thombs BD, de Jonge P, Coyne JC, Whooley MA, Frasure-Smith N, Mitchell AJ, 

Zuidersma M, Eze-Nliam C, Lima BB, Smith CG, Soderlund K, Ziegelstein RC. 

Depression screening and patient outcomes in cardiovascular care: a 

systematic review. JAMA 2008;300:2161-2171. 

4. Bunevicius A, Stankus A, Brozaitiene J, Girdler SS, Bunevicius R. Relationship of 

fatigue and exercise capacity with emotional and physical state in patients 

with coronary artery disease admitted for rehabilitation program. Am Heart J 

2011;162: 310 - 316 

5. Kent LK, Shapiro PA. Depression and related psychological factors in heart 

disease. Harv Rev Psychiatry 2009;17:377-388. 

6. Lespérance F, Frasure-Smith N, Talajic M, Bourassa MG. Five-year risk of 

cardiac mortality in relation to initial severity and one-year changes in 

depression symptoms after myocardial infarction. Circulation 2002;105:1049 - 

1053. 

7. Lichtman JH, Bigger JT Jr, Blumenthal JA, Frasure-Smith N, Kaufmann PG, 

Lespérance F et al. Depression and coronary heart disease: recommendations 

for screening, referral, and treatment: a science advisory from the American 

Heart Association Prevention Committee of the Council on Cardiovascular 

Nursing, Council on Clinical Cardiology, Council on Epidemiology and 

Prevention, and Interdisciplinary Council on Quality of Care and Outcomes 

Research: endorsed by the American Psychiatric Association. Circulation 

2008;118:1768 – 1775 

8. Ziegelstein RC, Thombs BD. Is routine screening a parachute for heart disease 

patients with depression? J Psychosom Res 2011;71:3-5. 



Chapter 4 

74 

9. Hasnain M, Vieweg WV, Lesnefsky EJ, Pandurangi AK. Depression screening in 

patients with coronary heart disease: A critical evaluation of the AHA 

guidelines. J Psychosom Res 2011;71:6-12. 

10. Möller HJ. Rating depressed patients: observer- vs self-assessment. Eur 

Psychiatry 2000;15:160 - 172. 

11. Montgomery SA.  Measures of Depression. London: Fulcrum Press, 1978. 

12. Zimmerman M, Posternak MA, Chelminski I. Defining remission on the 

Montgomery-Asberg depression rating scale. J Clin Psychiatry 2004;65:163 - 

168. 

13. Angermann CE, Gelbrich G, Störk S, Fallgatter A, Deckert J, Faller H, Ertl G; 

MOOD-HF Investigators. Rationale and design of a randomised, controlled, 

multicenter trial investigating the effects of selective serotonin re-uptake 

inhibition on morbidity, mortality and mood in depressed heart failure 

patients (MOOD-HF). Eur J Heart Fail 2007;9:1212 - 1222. 

14. Fraguas R, da Silva Telles RM, Alves TC, Andrei AM, Rays J, Iosifescu DV, 

Wajngarten M. A double-blind, placebo-controlled treatment trial of 

citalopram for major depressive disorder in older patients with heart failure: 

the relevance of the placebo effect and psychological symptoms. Contemp 

Clin Trials 2009;30:205 - 211.  

15. Carmody TJ, Rush AJ, Bernstein I, Warden D, Brannan S, Burnham D, Woo A, 

Trivedi MH. The Montgomery Asberg and the Hamilton ratings of depression: 

a comparison of measures. Eur Neuropsychopharmacol 2006;16: 601 - 611. 

16. Doraiswamy PM, Bernstein IH, Rush AJ, Kyutoku Y, Carmody TJ, Macleod L, 

Venkatraman S, Burks M, Stegman D, Witte B, Trivedi MH. Diagnostic utility of 

the Quick Inventory of Depressive Symptomatology (QIDS-C16 and QIDS-SR16) 

in the elderly. Acta Psychiatr Scand 2010;122:226 - 234. 

17. Farner L, Wagle J, Flekkøy K, Wyller TB, Fure B, Stensrød B, Engedal K. Factor 

analysis of the Montgomery Aasberg Depression Rating Scale in an elderly 

stroke population. Int J Geriatr Psychiatry 2009;24:1209-1216. 

18. Andersson S, Krogstad JM, Finset A. Apathy and depressed mood in acquired 

brain damage: relationship to lesion localization and psychophysiological 

reactivity. Psychol Med 1999;29:447-456. 



                                Assessment of depressive symptom severity 

 

75 

19. Gabryelewicz T, Styczynska M, Pfeffer A, Wasiak B, Barczak A, Luczywek E, 

Androsiuk W, Barcikowska M. Prevalence of major and minor depression in 

elderly persons with mild cognitive impairment--MADRS factor analysis. Int J 

Geriatr Psychiatry 2004;19:1168-1172. 

20. Suzuki A, Aoshima T, Fukasawa T, Yoshida K, Higuchi H, Shimizu T, Otani K. A 

three-factor model of the MADRS in major depressive disorder. Depress 

Anxiety 2005;21:95 - 97. 

21. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta 

Psychiatr Scand 1983;67:361 - 370. 

22. Beck AT, Steer RA, Brown GK. Manual for the beck depression inventory (BDI-

II). 2nd ed. San Antonio, TX: The Psychological Association, 1996. 

23. Vieweg WV, Hasnain M, Lesnefsky EJ, Pandurangi AK. Review of major 

measuring instruments in comorbid depression and coronary heart disease. 

Prog Neuropsychopharmacol Biol Psychiatry 2011;35:905-912.  

24. Bunevicius A, Brozaitiene J, Stankus A, Bunevicius R. Specific fatigue-related 

items in self-rating depression scales do not bias an association between 

depression and fatigue in patients with coronary artery disease. Gen Hosp 

Psych 2011;33: 527 - 529. 

25. Bunevicius A, Staniute M, Brozaitiene J, Bunevicius R. Diagnostic accuracy of 

self-rating scales for screening of depression in coronary artery disease 

patients. J Psychosom Res 2012;72: 22-25.  

26. Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J, Weiller E, Hergueta 

T, Baker R, Dunbar GC. The Mini-International Neuropsychiatric Interview 

(M.I.N.I.): the development and validation of a structured diagnostic 

psychiatric interview for DSM-IV and ICD-10. J Clin Psychiatry 1998;59:22 – 33. 

27. American Psychiatric Association. Diagnostic and statistical manual of mental 

disorders. 4th edition (text revision). Washington, DC: American Psychiatric 

Association, 2000. 

28. Zimmerman M, Posternak MA, Chelminski I. Implications of using different 

cut-offs on symptom severity scales to define remission from depression. Int 

Clin Psychopharmacol 2004;19:215 - 220. 



Chapter 4 

76 

29. Browne M, Cudeck R. Alternative Ways of Assessing Model Fit. In: Bollen, K. 

and Long J editors. Testing Structural Equation Models. Newbury Park, CA: 

Sage; 1993, pp. 136-162. 

30. Parker RD, Flint EP, Bosworth HB, Pieper CF, Steffens DC. A three-factor 

analytic model of the MADRS in geriatric depression. Int J Geriatr Psychiatry 

2003;18:73 - 77. 

31. Hammond MF. Rating depression severity in the elderly physically ill patient: 

reliability and factor structure of the Hamilton and the Montgomery-Asberg 

Depression Rating Scales. Int J Geriatr Psychiatry 1998;13:257-261. 

32. Sagen U, Vik TG, Moum T, Mørland T, Finset A, Dammen T. Screening for 

anxiety and depression after stroke: comparison of the hospital anxiety and 

depression scale and the Montgomery and Asberg depression rating scale. J 

Psychosom Res 2009;67:325-332. 

33. Calabrese JR, Huffman RF, White RL, Edwards S, Thompson TR, Ascher JA, 

Monaghan ET, Leadbetter RA. Lamotrigine in the acute treatment of bipolar 

depression: results of five double-blind, placebo-controlled clinical trials. 

Bipolar Disord 2008;10:323-33. 

34. Thase ME, Macfadden W, Weisler RH, Chang W, Paulsson B, Khan A, Calabrese 

JR; BOLDER II Study Group. Efficacy of quetiapine monotherapy in bipolar I 

and II depression: a double-blind, placebo-controlled study (the BOLDER II 

study). J Clin Psychopharmacol 2006;26:600-9. 

35. Helvik AS, Engedal K, Skancke RH, Selbæk G. A psychometric evaluation of the 

Hospital Anxiety and Depression Scale for the medically hospitalized elderly. 

Nord J Psychiatry 2011;65:338 - 344. 

36. Carter JD, Frampton CM, Mulder RT, Luty SE, Joyce PR. The relationship of 

demographic, clinical, cognitive and personality variables to the discrepancy 

between self and clinician rated depression. J Affect Dis 2010;124:202-206.  

37. Cosco TD, Doyle F, Ward M, McGee H. Latent structure of the Hospital Anxiety 

And Depression Scale: a 10-year systematic review. J Psychosom Res 

2012;72:180-4. 



                                Assessment of depressive symptom severity 

 

77 

38. Carvalho Bos S, Pereira AT, Marques M, Maia B, Soares MJ, Valente J, Gomes 

A, Macedo A, Azevedo MH. The BDI-II factor structure in pregnancy and 

postpartum: Two or three factors? Eur Psychiatry 2009;24:334-40. 

39. Whisman MA, Perez JE, Ramel W. Factor structure of the Beck Depression 

Inventory-Second Edition (BDI-II) in a student sample. J Clin Psychol 

2000;56:545-51. 

 



 

78 



 

79 

CHAPTER 5 

 

 

 

Type D (distressed) personality and its assessment with the DS14 

in Lithuanian patients with coronary artery disease 

 

 

 

 

Bunevicius A, Staniute M, Brozaitiene J, Stropute D, Bunevicius R, Denollet J 

Journal of Health Psychology (In press) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 5 

80 

ABSTRACT

Objective. Type D (distressed) personality denotes a general propensity towards general 

distress as defined by the combination of negative affectivity (NA) and social inhibition 

(SI), and was shown to be associated with poor outcomes in patients with coronary 

artery disease (CAD). In this study we evaluated the validity of the Type D construct in 

Lithuanian CAD patients. Methods. A total of 543 consecutive CAD patients undergoing 

cardiac rehabilitation completed the 14-item Type-D Scale (DS14), Hospital Anxiety and 

Depression Scale and Ten Item Personality Inventory. A subgroup of 49 patients 

completed the DS14 after 2 weeks.  Results. We confirmed two factor structure of the 

DS14. Subscales of NA and SI of the DS14 were shown to be internally consistent 

(Cronbach’s coefficients alpha at levels of .84 and .75, respectively) and stable over 2 

weeks period (r=.69 and r=.81, respectively). One-hundred and eighty three CAD patients 

(34%) were classified as Type D. Type D personality was more prevalent among women. 

Higher levels of SI and NA were associated with higher levels of depression and anxiety, 

and with lower levels of extroversion, agreeableness, conscientiousness, emotional 

stability and openness. Type D personality was an independent predictor of possible 

clinical depression (OR=9.33; 95% CI 5.01-17.36; p<.001) and possible clinical anxiety 

(OR=5.29; 95% CI 3.47-7.97; p<0.001) after controlling for clinical and demographic 

factors. Conclusions. The Type D personality construct and its assessment with the DS14 

were found to be valid and reliable in identifying Lithuanian CAD patients who were at 

increased risk for general psychological distress.  
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Introduction 

Psychological distress is associated with development and progression of 

coronary artery disease (CAD), and is closely related to the clinical outcomes of patients 

with CAD [1-3]. In recent years, Type D (distressed) personality has been introduced as a 

vulnerability factor for general psychological distress in patients with CAD [4].  

Type D personality refers to a combination of high levels of negative affectivity 

(NA; tendency to experience negative emotions) and social inhibition (SI; tendency to 

inhibit self-expression in social interactions) [5]. Both NA and SI are normal and stable 

personality traits, whereas mood disorders refer to pathologic conditions that tend to be 

episodic and are affected by environmental factors [6]. In patients with CAD, Type D 

personality has been associated with an increased risk of cardiovascular events [4], poor 

quality of life [7], high levels of fatigue [8], and behavioral risk factors such as poor 

medication adherence [9]. In addition, Type D personality carries an increased risk for 

future mental disorders, such as depression and anxiety [10], thereby increasing the 

emotional burden of CAD. These adverse psychological effects of Type D personality are 

independent from CAD severity [6, 11] or co-morbid mood and anxiety symptoms [12]. 

The 14-item Type D personality Scale (DS14) was specifically developed to assess 

NA and SI, and currently is the most widely used instrument to identify patients with a 

Type D profile [5]. There is some evidence for the validity of the DS14 assessment of the 

Type D construct in western [13-16], and non-western [17-19] countries, but more 

research is needed to assess its cross-cultural validity as a vulnerability marker for 

psychological distress.  

Therefore, the aims of the current study were to examine: (1) the validity of the 

Type D construct and its assessment with the DS14 in Lithuania, (2) the prevalence of 

Type D personality in Lithuanian patients with CAD, and (3) the association of Type D 

personality with an increased vulnerability for anxiety and depression in these patients.  

 

Methods 

Subjects and Procedure 

From February 2007 until January 2011 a total of 543 consecutive patients (388 

(72%) men and 155 (28%) women; mean age 58 ± 9 years) diagnosed with CAD and 

attending a rehabilitation program at the Cardiovascular Rehabilitation Clinic of the 



Chapter 5 

82 

Institute of Psychophysiology and Rehabilitation of Lithuanian University of Health 

Sciences in Palanga, Lithuania, agreed to participate in this study. All study patients were 

admitted to the rehabilitation program within one week after discharge from cardiology 

in-patient unit following treatment for acute coronary syndromes. In-patient treatment 

lasted for about one week. Thus, patients were included in this study approximately two 

weeks after acute myocardial infarction (MI) or an episode of chest angina. All study 

patients were receiving standard treatment for secondary prevention of CAD according 

to the existing guidelines. Patients were excluded from the study if they were older than 

80 years, had cognitive disorientation and communicative disabilities or other severe 

diseases, or did not speak Lithuanian fluently.  

 Within three days of admission to the rehabilitation clinic all patients were 

evaluated for demographic and clinical characteristics, including New York Heart 

Association (NYHA) functional class, body mass index (BMI), hypertension, presence of 

chest angina and diabetes, history of MI and previous interventional treatments for CAD, 

including percutaneous coronary intervention (PCI) and coronary artery bypass graft 

(CABG) surgery. Patients were considered obese if their BMI was ≥ 30 kg/m2. During the 

same visit patients were evaluated for Type D personality using the DS14 questionnaire 

[5], for Big-Five personality traits using the Ten Item Personality Inventory (TIPI) [20] and 

for symptoms of anxiety and depression using the Hospital Anxiety and Depression Scale 

(HADS) [21]. A subsample of 49 patients filled in the DS14 for the second time at the end 

of two weeks rehabilitation program.  

The study and its consent procedures were approved by the Ethics Committee for 

Biomedical Research at Lithuanian University of Health Sciences, Kaunas, Lithuania. A 

written informed consent was obtained from each study patient.  

 

Assessment of Type D Personality 

The DS14 is a 14-item self-rating questionnaire that consists of two 7-item 

subscales that are designed to measure personality traits of NA and SI [5]. Each item is 

rated on a five point Likert-type scale from 0 (false) to 4 (true) with scores ranging from 0 

to 28 on each subscale. Scores equal or greater than 10 on both DS14 subscales of NA 

and SI, indicate Type D personality. Lithuanian version of the DS14 was established using 

a standard double-blind translation method [22].  
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Big-Five Personality Dimensions and Mental Distress 

The TIPI is a 10-item self-rating instrument designed to assess for Big-Five 

personality dimensions of Extraversion, Agreeableness, Conscientiousness, Emotional 

Stability and Openness [20]. All items have a common stem of ‘I see myself as’ and 

consist of two descriptors that represent the same pole of Big-Five personality 

dimensions. For each personality dimension there are two items that represent opposite 

poles. Each item is rated on a 7-point Likert-type scale with possible choices ranging from 

1 (disagree strongly) to 7 (agree strongly). Scores on each subscales range from 2 to 14 

and higher scores indicates more pronounced personality trait. Translated Lithuanian 

version of the TIPI was used in previous studies [23]. 

The HADS is a 14-item self-rating instrument that consists of subscales of anxiety 

and depression, which are designed to measure respective symptoms [21]. Lithuanian 

version of the HADS was shown to be a reliable screening instrument in Lithuanian CAD 

patients [24, 25]. Possible scores in both subscales range from 0 to 21; higher score 

indicates more severe symptoms. Patients were considered to have depressive or anxiety 

symptoms if they scored ≥8 on the HADS Depression subscale or HADS Anxiety subscale, 

respectively [21]. 

 

Statistical analyses  

First, we examined the structural validity of the DS14 using exploratory factor 

analysis (Principal components, varimax rotation with Kaiser normalization). We assessed 

internal consistency of the DS14-NA subscale and DS14-SI subscale by the means of the 

Cronbach’s coefficient alpha and inter-item correlation. Test-retest correlation for the 

DS14 over a two week period was evaluated using Pearson’s correlation in 49 patients. 

We also evaluated the construct validity of the DS14 by performing Pearson’s correlation 

between scores on the DS14 subscales and Big-Five personality construct.  

Finally, we evaluated the prevalence of Type D personality and compared 

demographic characteristics, clinical characteristics, scores on the HADS, prevalence of 

patients symptoms of depression and symptoms of anxiety in Type D patients versus non-

Type D patients by the means of independent-sample t test for continuous variables and 

Pearson Chi Square test for categorical variables. We also analyzed continuous 
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association of DS14 NA and SI scores with HADS anxiety, depression and total scores by 

performing Pearson’s correlation analysis. In addition, we performed multivariate binary 

logistic regression analysis to evaluate whether Type-D personality was independent 

predictor of symptoms of depression and anxiety. Two separate regression models were 

created for depression and anxiety. The predictor variables, including Type-D personality, 

age, gender, NYHA class, BMI, hypertension, diabetes and history of MI, PCI and CABG 

surgery, were entered into the multivariate model by using enter procedure. 

Data were analyzed with the SPSS 17.0 for Windows (Chicago, Illinois). All tests 

were two-tailed. Data is presented as mean ± standard deviation for continuous variables 

and as the number (percent) for categorical variables. 

 

Results 

Clinical characteristics 

Clinical and demographic characteristics of all patients are presented in Table 1. In 

short, the majority of patients were NYHA functional class II (72%), had hypertension 

(79%), angina pectoris (59%), a history of MI (70%) and previous PCI (78%).  

 

Table 1. Demographic and clinical characteristics of all patients at inclusion and 

stratified by Type D personality. 

 All patients Type D 

(n = 183) 

Non-Type D 

(n = 360) 

P value * 

Age (years), mean ± SD 57.9 ± 8.9 58.9 ± 8.7 57.4 ± 8.9 0.07 

Men, n(%) 

Women, n(%) 

388 (71) 

155 (29) 

114 (62) 

69 (38) 

274 (76) 

86 (24) 

0.001 

NYHA class, n(%) 

            I 

            II 

            III 

 

40 (7) 

391 (72) 

112 (21) 

 

8 (4) 

126 (69) 

49 (27) 

 

32 (9) 

265 (74) 

63 (18) 

 

0.06 

0.24 

0.02 

Hypertension, n(%) 430 (79) 153 (84) 277 (77) 0.07 

Angina Pectoris, n(%) 322 (59) 119 (65) 203 (56) 0.06 

Myocardial Infarction, n(%) 377 (70) 131 (72) 247 (69) 0.48 

Note: In bold p < 0.05 
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Table 1 (continued). 

Myocardial Infarction, n(%) 377 (70) 131 (72) 247 (69) 0.48 

Previous treatments, n(%) 

PCI, n(%) 

CABG, n(%) 

 

425 (78) 

13 (2) 

 

140 (77) 

3 (2) 

 

285 (79) 

10 (3) 

 

0.45 

0.41 

Diabetes mellitus, n(%) 59 (11) 15 (8) 44 (12) 0.15 

BMI (kg/m2), mean ± SD 30.1 ± 5.0 30.1 ± 5.1 30.1 ± 4.9 0.47 

BMI ≥ 30, n(%) 251 (46) 86 (47) 165 (46) 0.80 

Note: In bold p < 0.05 

NYHA, New York Heart Association; BMI, Body mass index; PCI, percutaneous coronary 

intervention; CABG, coronary artery by-pass graft surgery; DS14, Type D scale. 

* Differences between Type D and non-Type D tested using independent sample t-tests 

and Pearson Chi Square test. 

 

Internal validity and temporal stability  

The Kaiser-Meyer-Olkin index (0.89) and Bartlett’s test of sphericity (p < 0.001) 

indicated that the data satisfied assumptions for performing a factor analysis. Exploratory 

factor analysis of the DS14 items revealed two components of NA (Eigenvalue = 4.97) and 

SI (Eigenvalue = 1.86) explaining 49% of variance. All DS14-NA items and all but one 

DS14-SI items loaded between 0.77 and 0.54 on their respective factor (Table 2). DS14-SI 

item number 6 (“often feels inhibited in interactions”) loaded stronger on the DS14-NA 

when compared to the DS14-SI (0.62 and 0.12, respectively). However, removal of the 

DS14-SI item number 6 from the questionnaire resulted in a slight increase of shared 

variance (50%) and in minor changes (< 0.1) of factor loading; therefore we chose to 

retain the original construct of the DS14-SI.  
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Table 2. Factor loading of the Lithuanian DS14 items. 

DS14 items Factor loading 

NA SI 

5 0.77 0.01 

13 0.71 0.19 

4 0.70 0.15 

12 0.68 0.13 

7 0.66 0.20 

9 0.65 0.25 

2 0.65 0.04 

1* -0.05 0.75 

8 0.31 0.66 

10 0.32 0.64 

14 0.30 0.64 

3* -0.13 0.64 

11 0.30 0.54 

6 0.62 0.12 

Eigenvalues 4.97 1.86 

DS14, Type D Scale; NA, negative affectivity; SI, social inhibition. 

Principal Component Analysis, varimax rotation. 

Bartlett’s test of Sphericity: p < 0.001. Kaiser-Meyer-Olkin index: 0.89. 

*Reversibly scored. 

 

The internal consistency evaluated by the means of the Cronbach’s coefficient 

alpha was 0.84 and 0.75 for the DS14-NA subscale and for the DS14-SI subscale, 

respectively. There was a positive correlation between scores on the DS14-NA subscale 

and DS14-SI subscale (r = 0.52, p < 0.001). Mean inter-item correlations were 0.43 for the 

DS14-NA subscale and 0.30 for DS14-SI subscale. Test-retest reliability was r = 0.69 for 

the DS14-NA subscale and r = 0.81 for the DS14-SI subscale. The mean score on the DS14-
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NA subscale was 9.6 ± 6.6 (range 0-28), and mean DS14-SI score was 10.1 ± 5.8 (range 0-

27). 

 

Construct validity  

Validating the DS14 assessment of the Type D components NA and SI against the 

Big-Five personality domains showed that NA correlated negatively with emotional 

stability (r= –0.58, p < 0.001), and that SI correlated negatively with extraversion (r= –

0.46 p < 0.001). In contrast, the correlations of NA and SI with the remaining 

agreeableness, conscientiousness and openness domains of the Big-Five personality 

model were much weaker, and all ranged between r= –0.11 and r= –0.19 (all ps ≤ 0.009). 

  

Increased vulnerability for poor mental health 

One-hundred and eighty three patients (34%) were classified as Type D. A 

significantly higher proportion of Type D patients were women (X2(1) = 11.51, p = 0.001) 

and were in NYHA class III (X2(1) = 5.77, p = 0.02) when compared to non-Type D patients.  

Patients with a Type D personality profile scored significantly higher on the HADS 

anxiety, depression and total scores than non-Type D patients (all ps < 0.05; Table 3). NA 

correlated with the anxiety (r = 0.63), depression (r = 0.53) and HADS total scores (r = 

0.65); all ps < 0.001; SI was also correlated with these measures (r = 0.35, 0.45 and 0.44, 

respectively; all ps < 0.001).   

 

Table 3. Symptoms of emotional distress in all patients, and stratified by Type D 

personality.  

 All patients 

(n = 543) 

Type D 

(n = 183) 

Non-Type D 

(n = 360) 

P value * 

Hospital anxiety and depression scale, mean ± SD 

Anxiety subscales score  6.1 ± 3.8 8.5 ± 3.5 4.9 ± 3.3 < 0.001 

Depression subscale score 3.9 ± 3.1 5.9 ± 3.5 2.9 ± 2.3 < 0.001 

Total score 10.0 ± 6.2 14.4 ± 6.1 7.8 ± 4.9 < 0.001 

In bold p < 0.05. 

* Differences tested using independent sample t-tests and Pearson Chi Square test.  
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Accordingly, symptoms of emotional distress were more prevalent in Type D 

patients when compared to non-Type D patients (Figure 1); i.e., 30% vs. 13% for 

depressive symptoms (X2(1) = 72.95, p < 0.001), and 60% vs. 34% for anxiety symptoms 

(X2(1) = 84.35, p < 0.001). 

 

Figure 1. Prevalence of depressive symptoms (HADS-D score ≥ 8; left) and anxiety 

symptoms (HADS-A score ≥ 8; right) in Type D patients versus non-Type D patients. 

 

 

 

 In multivariable logistic regression analyses with age, gender, NYHA class, BMI, 

hypertension, diabetes and history of MI, PCI and CABG surgery, Type D personality was 

independent predictor of depressive symptoms (OR = 9.33; 95% CI 5.01-17.36; p < 0.001). 

Type D personality was also independent predictor of anxiety symptoms (OR = 5.29; 95% 

CI 3.47-7.97; p < 0.001), followed by female gender (OR = 3.42; 95% CI 2.19-5.35; p < 

0.001) and a higher NYHA class (OR = 1.55; 95% CI 1.02-2.35; p = 0.04).  

 

Discussion 

The main findings from the current study were threefold: (1) we provided 

evidence for two-factor structure, internal stability and construct validity of the 

Lithuanian version of the DS14; (2) Type D personality was found in 34% of Lithuanian 
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CAD patients undergoing cardiac rehabilitation and (3) Type D patients had higher levels 

of depression and anxiety when compared to non-Type D patients. In addition, Type D 

personality was an independent predictor of symptoms of depression and symptoms of 

anxiety. 

This study provides evidence for two-factor structure of the Lithuanian version of 

the DS14 by the means of exploratory factor analysis and reliability criteria. Although the 

DS14-SI item #6 (“often feels inhibited in interactions”) loaded stronger on the DS14-NA 

subscale than on the DS14-SI subscale, removal of this item from the DS14 caused only 

minor changes. Therefore, we decided to keep the original construct of the DS14. Similar 

finding regarding item #6 of the DS14-SI were reported in Norway, and these authors also 

decided to keep the original construct of the DS14 [13]. Furthermore, the DS14 subscales 

had good internal consistency and were stable over time, corresponding to findings from 

previous DS14 validation studies from Europe and Asia [5, 13, 14, 17-19]. Overall, our 

findings suggest that the Lithuanian version of the DS14 can be used to evaluate stable 

CAD patients for Type D personality. 

 Higher levels of NA and SI were associated with lower levels of emotional stability 

and extraversion, respectively. Similar associations between NA and neuroticism (i.e. low 

emotional stability) have previously been reported in a number of other studies [5, 13, 

16]. Higher levels of SI have also been associated with lower levels of extraversion in 

other studies of CAD patients [5, 19]. These findings confirm that Type D personality is 

characterized by a general vulnerability in terms of broad and stable personality traits. 

Although Type D personality is characterized by high neuroticism and low extraversion, 

the Type D construct also embodies unique information relevant to health that is not 

captured by these more standard personality traits [26]. Typically, neuroticism, 

extraversion and Type D traits share less than 50% of common variance [5, 27] and, 

hence, cannot be considered to be interchangeable. In addition, empirical evidence 

confirmed that Type D personality independently predicted posttraumatic stress [28] and 

adverse cardiac events [29] in cardiac patients, also after adjustment for neuroticism and 

extraversion. However, it also remains possible that SI and NA are proxy measures of 

extraversion and neuroticism, albeit imperfect ones that account for 50% of their 

variance. Hence, extraversion and neuroticism may still be more informative in the end. 
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This was one of the first studies evaluating the prevalence of Type D personality in 

Eastern European CAD patients. Type D prevalence rates are highly variable across 

different populations ranging from 15% in Danish patients with ischemic heart disease 

[16] to 53% in Belgian patients with hypertension [5]. In our study, more than one third 

of Lithuanian patients met criteria for Type D personality, corresponding to the range of 

Type D prevalence rates reported by the majority of studies from Western Europe [5] and 

Asia [19]. However, cultural differences might explain some variability in Type D 

prevalence rates found across different studies. Particularly, questions of the DS14-SI 

subscale referring to social interactions might have different connotations across 

cultures; therefore standardized translation of the DS14 might be combined with cultural 

adaptation of certain questions in order to decrease such variability. Emons et al. (2007) 

evaluated the DS14 using the item response theory and found that the most informative 

items were on the higher end of the DS14 scale [30]. Hence, the DS14 scale needs to be 

validated in different cultures and in different subgroups of CAD patients before it can be 

applied in clinical practice. In support of the findings reported by Bergvik et al. (2010) 

[13], we also found that Type D was more prevalent among Lithuanian women with CAD.  

 We also confirmed reports from other countries showing that the NA and SI 

components of Type D were associated with higher symptom levels of depression and 

anxiety [13, 15, 16, 19]. Some have argued that the Type D personality may better be 

conceptualized as the interaction of continuous NA and SI scores [31], and that analysis of 

the NA x SI interaction term in future research would be interesting to re-examine the 

predictive validity of the Type D personality model [32]. However, to compare our 

findings on the validity of the Lithuanian DS14 measure with previous DS14 validation 

papers, we used the original Type D classification [5] in this study. In the present cohort 

of CAD patients from Lithuania, Type D personality was independently associated with 9-

fold increased odds of depressive symptoms and 5-fold increased odds of anxiety 

symptoms, after controlling for clinical and demographic factors. Depression is highly 

prevalent in CAD patients and carries a significant risk for a variety of negative clinical 

outcomes [1-3]. Therefore, Type D personality should be considered as a vulnerability 

factor for depression and anxiety in CAD patients.  

This study has some limitations. Due to cross-sectional design, we were not able 

to establish causal relationship between Type D personality and clinical outcomes, 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Emons%20WH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Denollet%20J%22%5BAuthor%5D


                                                Assessment of Type D personality 

 

91 

therefore further studies are needed to examine the prognostic value of Type D in 

Lithuanian CAD patients. Also, we did not recruit a control group of healthy individuals 

from the community sample, which limits generalizability of our results. In previous 

studies, Type D personality has been related to poor mental and physical health status 

and with work-related problems in the general population [33]. Hence, the Lithuanian 

DS14 should also be validated in community and non-cardiovascular patients’ samples. 

Finally, although exploratory factor analysis showed good psychometric properties of the 

Lithuanian DS14 scale, future research in another sample of patients using the 

confirmative factor analysis should elucidate more on the current two-factor structure of 

the DS14. The strengths of this study include relatively large sample size of CAD patients, 

and the use of validated instruments of personality and distress. 

In conclusion, the results of the present study suggest that the Lithuanian version 

of the DS14 has good psychometric properties and good construct validity. Type D 

personality is prevalent in CAD patients and is associated with an increased vulnerability 

for depression and anxiety. The DS14 can be used to evaluate Lithuanian patients with 

CAD in terms of Type D personality as well as of the individual NA and SI components.  
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Appendix. The association of Big-Five personality dimensions with symptoms of 

depression and anxiety; Pearson’s r (p). 

 Big-Five personality dimensions (TIPI) 

 

Extraversion Agreeableness Conscientiousness Emotional 

Stability 

Openness 

Depression 

(HADS) 

-0.20 

(<0.001) 

-0.13 

 (0.002) 

-0.16  

(<0.001) 

-0.38 

 (<0.001) 

-0.15 

(<0.001) 

Anxiety 

(HADS) 

-0.10  

(0.02) 

-0.15  

(<0.001) 

-0.12  

(0.004) 

-0.50  

(<0.001) 

-0.05  

(0.21) 

In bold p<0.05. 

HADS, Hospital Anxiety and Depression Scale; TIPI, Ten-Item Personality Inventory. 

 

The association between TIPI scores and HADS scores is presented in the Table above 

(not included in the publication in Journal of Health Psychology). Greater levels of 

depressive and anxiety symptoms were associated with lower levels of emotional 

stability (r=-0.38, p <0.001 and r=-0.50, p<0.001). Scores on other TIPI subscales were 

only marginally associated with HADS depression and anxiety scores (rs < 0.20).
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ABSTRACT 

Background. The relationship between subjective fatigue, exercise capacity, and 

symptoms of depression and anxiety in coronary artery disease (CAD) patients needs to 

be specified. Methods. In this cross-sectional study a total of 1470 (64% male; mean age 

57±11 years) consecutive CAD patients admitted for cardiac rehabilitation after 

treatment of acute cardiac events were evaluated for demographic characteristics, for 

past and current diagnosis and treatment, for NYHA class, for symptoms of depression 

and for symptoms of anxiety using the Hospital Anxiety and Depression Scale (HADS) and 

for subjective fatigue using the Multidimensional Fatigue Inventory (MFI-20). On the next 

day all patients underwent exercise capacity evaluation using a standard bicycle 

ergometer testing procedure. Results. In univariate regression analyses there was the 

strongest positive association between scores on all MFI-20 subscales and scores on the 

HADS depression and anxiety subscales; and between exercise capacity and NYHA class. 

Multivariate regression analyses revealed that symptoms of depression were the 

strongest positive determinants of all dimensions of subjective fatigue and together with 

other significant variables accounted for 17% to 29% of the variance. However, neither 

depressive nor anxious symptoms were significant determinants of exercise capacity. The 

association between subjective fatigue and exercise capacity and vice versa was minimal. 

Conclusion. Subjective fatigue in CAD patients is strongly related to symptoms of 

depression and symptoms of anxiety. In contrast, exercise capacity in CAD patients is 

strongly related to NYHA functional class, with no relationship to symptoms of 

depression and anxiety.   
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Introduction 

Coronary artery disease (CAD) is the leading cause of death and disease burden 

worldwide [1]. Fatigue is one of the most distressing symptoms affecting the majority of 

CAD patients across all stages of the disease and is described as an overwhelming 

subjective sense of tiredness and lack of energy that has a negative effect on physical and 

mental capacity not relieved by rest [2, 3]. Fatigue was reported to be the most 

distressing health complaint five months after MI and was shown to have a negative 

effect on quality of life in CAD patients [4-6]. Depression is also highly prevalent across all 

stages of CAD with point-prevalence rates of major depression disorder (MDD) reaching 

22%, with even higher rates of elevated depressive symptoms [7, 8]. Depression is a 

recognized independent risk factor for CAD and has significant negative effects on quality 

of life, morbidity and mortality in CAD patients [9-12]. Anxiety is also prevalent in CAD 

patients, is highly co-morbid with depression, and is associated with increased mortality 

and impaired quality of life, although its association with increased risk of non-fatal 

cardiac events in CAD patients remains controversial [13-15]. 

Studies in post myocardial infarction (MI) patients reported medium associations 

between fatigue and anxiety and weak to strong associations between fatigue and 

depression [16-18]. These contradictory findings, based on relatively small sample sizes, 

indicate the need for additional investigations in larger samples and suggest that the 

relationship between symptoms of depression, symptoms of anxiety and fatigue in CAD 

patients may be complex. The measurement of exercise capacity was not incorporated in 

these studies.  Therefore, the association between subjective symptoms of fatigue and 

objectively evaluated exercise capacity was not evaluated.  Such evaluations may have 

important implications for differentially targeting psychological fatigue versus exercise 

capacity in the treatment of CAD.  

Self-reported fatigue is the most frequently reported barrier to participation in 

physical activity in cardiac patients [19]. Moreover, CAD patients with MDD as well as 

those with anxiety disorders exhibit poor exercise tolerance and performance in a 

standard exercise stress test [20, 21]. Exercise capacity evaluated using standard exercise 

tolerance testing is an objective measurement of exercise tolerance although it is rarely 

used by clinicians, because a majority of clinicians rely on the clinical history and self-

reported symptoms while assessing functional capacity of patients. However, subjective 
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symptoms reported by a patient might not always reliably predict actual functional 

capacity [22, 23]. 

The aim of the present study was to evaluate the relationship of self-reported 

fatigue and exercise capacity with clinical symptoms and risk factors, together with 

symptoms of depression and anxiety in a significantly larger sample of CAD patients than 

has been studied to date.   

 

Subjects and Methods 

Subjects 

Consecutive patients diagnosed with CAD attending a rehabilitation program at 

the Cardiovascular Rehabilitation Clinic of the Institute of Psychophysiology and 

Rehabilitation of the Lithuanian University of Health Sciences in Palanga, Lithuania during 

the period from 2000 to 2006 were invited to participate in this cross-sectional study. A 

total of 1470 patients (64% men and 46% women; mean age 57±11 years) agreed to 

participate in the study. All study patients were diagnosed with CAD and were referred to 

the rehabilitation clinic within 2 week after treatment of acute MI or an episode of chest 

angina at the cardiac in-patient department. All patients were on standard treatment for 

secondary prevention of coronary artery disease according to existing guidelines. 

Patients were excluded from the study if they were older than 80 years, had cognitive 

disorientation and communicative disabilities, other severe diseases, or did not speak 

Lithuanian fluently. 

 

Procedure and Instruments 

The study and its consent procedures were approved by the Internal Review 

Board and a written informed consent was obtained from each study patient.  

Within three days of admission to rehabilitation clinic all patients were evaluated 

for demographic characteristics, for past and current diagnosis and treatments, for NYHA 

functional class [24], for angina pectoris class [25], for fatigue and for symptoms of 

depression and anxiety. On the next day all study patients underwent exercise capacity 

evaluation using a standard bicycle ergometer testing procedure [26]. 

Symptoms of depression and anxiety were evaluated using the Hospital Anxiety 

and Depression scale (HADS), a 14-item self-rating instrument consisting of a subscale of 
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anxiety and a subscale of depression, that was shown to be a reliable instrument in 

screening for the separate dimensions of anxiety and depression in inpatient as well as in 

outpatient settings. [27-29] Possible scores on both subscales range from 0 to 21 with 

higher scores indicating more severe symptoms. Scores on the HADS depression subscale 

and HADS anxiety subscale equal to or higher than 8 indicate possible clinical depression 

and possible clinical anxiety, respectively [29]. In the current study the HADS depression 

and anxiety subscales had high internal consistency with Cronbach’s alpha at levels of 

.771 and, .838, respectively. 

Fatigue was measured using the Multidimensional Fatigue Inventory (MFI-20) [30, 

31]. The MFI-20 is a 20-item self-report questionnaire comprised of five subscales: 

general fatigue, physical fatigue, reduced activity, reduced motivation and mental 

fatigue. General fatigue includes general statements about fatigue and decreased 

functioning. Physical fatigue concerns physical sensations related to fatigue. Reduced 

activity refers to a possible consequence of fatigue. Reduced motivation relates to lack of 

motivation for starting any activity and mental fatigue refers to cognitive functions, 

focusing on difficulties in concentration. Patients rate how well each statement applies to 

them on a 5 point Likert scale, based on their experience during the past few days 

ranging from 1 (no fatigue) to 5 (very fatigued). Possible scores on MFI-20 subscales 

range from 4 to 20, with higher score indicating higher levels of fatigue. 

Exercise capacity was evaluated using standardized exercise testing by a 

computer-driven bicycle ergometer under direct supervision of a cardiologist (A.S or J.B.) 

with rising workload by 25 Watts (W) every 3 minutes [32]. Subjects were exercised to 

their self-determined maximal capacity or until the cardiologist stopped the test because 

of symptoms such as chest pain or dizziness, potentially dangerous arrhythmias or ST-

segment deviations, or marked systolic hypotension or hypertension. The workload in W 

at the time of the end of the exercise test was considered to reflect exercise capacity. 

  

Statistical Analysis 

Data were analyzed with SPSS 17.0 for Windows (Chicago, Illinois). Clinical and 

demographic characteristics of all patients are presented as mean ± standard deviation 

for continuous variables and as the number (percentages) for categorical variables.  
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Simple univariate regression analyses were conducted determine the relationship 

between subjective fatigue, exercise capacity and gender, age, education, diagnosis (MI 

or chest angina), NYHA class, angina pectoris class, stage of hypertension, diabetes 

mellitus, previous interventions (percutaneous coronary intervention (PCI) or coronary 

artery bypass grafting (CABG)), current use of beta-blockers, score on the HADS 

depression subscale and score on the HADS anxiety subscale. 

In addition, multivariate linear regression analyses were performed to identify the 

independent predictors of subjective fatigue and exercise capacity. Six separate 

regression models were created for each of five MFI-20 subscales plus exercise capacity. 

Factors that were statistically significant on univariate analysts were included in the 

multivariate models. The predictor variables were entered into the multivariate model by 

using the ‘enter’ procedure. A probability of 0.05 or less was used as the criterion to 

include the independent variable in the model and a probability of 0.1 or more was used 

as the criterion to remove the independent variable from the model.  

No extramural funding was used to support this work. The authors are solely 

responsible for the design and conduct of this study, all study analyses, the drafting and 

editing of the paper and its final contents. 

 

Results 

Clinical characteristics, demographic characteristics, scores on the HADS and 

scores on the MFI-20 are presented in Table 1. Nine hundred seventy six (66%) patients 

had hypertension, 633 (44%) patients had angina pectoris, 1088 (74%) patients were 

NYHA class II functional class, 136 (9%) patients had diabetes, 338 (23%) patients had PCI, 

194 (14%) patients had CABG and 964 (66%) patients were currently treated with beta-

blockers. Three hundred and forty six patients (24%) had possible clinical depression, and 

621 patients (42%) had possible clinical anxiety. 
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Table 1. Demographic and clinical description of 1470 patients with CAD.  

Demographic characteristics 

Age (years), mean ± SD 57 ± 11 

Men, n (%) 948 (64) 

Education, n (%) 

   Up to 8 years 

   High School 

   College/University degree 

 

519 (35) 

762 (52) 

189 (13) 

Clinical characteristics 

History of Diabetes mellitus, n (%) 136 (9) 

Diagnosis, n (%)  

   Myocardial Infarction 

   Angina Pectoris 

 

837 (56) 

633 (44) 

NYHA class, n (%) 

   I 

   II 

   III 

 

144 (10) 

1088 (74) 

235 (16) 

Hypertension Stage, n (%) 

  1 

  2 

  3 

 

30 (2) 

659 (45) 

287 (20) 

Angina Pectoris class, n (%)  

   1 

   2 

   3 

 

261 (18) 

652 (44) 

72 (5) 

Interventions, n (%) 

   Percutaneous coronary intervention 

   Coronary artery bypass grafting 

 

338 (23) 

194 (14) 

Treatment with beta-blockers, n (%) 964 (66) 

Exercise capacity 

Workload (W), mean ± SD 71 ± 31 
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Table 1 (continued). 

Multidimensional Fatigue Inventory* (range 4-20), mean ± SD 

   General fatigue 13 ± 8 

   Physical fatigue 13 ± 8 

   Mental fatigue 11 ± 8 

   Reduced activity 13 ± 8 

   Reduced motivation 11 ± 7 

Psychiatric characteristics 

Hospital Anxiety and Depression Scale* (range 0-21), mean ± SD 

   Depression 5 ± 3 

   Depression ≥ 8 346 (24) 

   Anxiety 7 ± 4 

   Anxiety ≥ 8 621 (42) 

*Higher score means greater fatigue, depression or anxiety. 

 

Univariate regression analyses revealed that there was the strongest positive 

association between scores on all MFI-20 subscales and scores on the HADS depression 

subscale and HADS anxiety subscale (Table 2). Specifically, higher levels of depression 

and anxiety were associated with greater general fatigue, physical fatigue, mental 

fatigue, reduced activity and reduced motivation. On the other hand, lower exercise 

capacity was most strongly associated with higher NYHA class and greater age. More 

physical fatigue and reduced activity were associated with lower exercise capacity. 
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In multivariate regression analyses (Table 3) only variables that showed statistical 

significance in the univariate analyses, presented in Table 2, were included in the respective 

models, and accounted for 17% to 29% of the variance in scores on MFI-20 subscales. After 

adjusting for all significant factors, an association between scores on subscales of fatigue 

and scores for symptoms of depression as well as scores for symptoms of anxiety decreased; 

however, the association still remained strong and statistically significant.  An association 

between reduced exercise capacity and increased fatigue was weak, but statistically 

significant, on all MFI-20 fatigue subscales except mental fatigue. 

In contrast to subjective fatigue, after adjusting for other significant factors, the 

association between exercise capacity and depression became insignificant. Instead, higher 

NYHA class and female gender remained strongly associated with reduced exercise capacity 

and together with other significant determinants, accounted for 36% of the variance in 

exercise capacity. The influence of subjective fatigue on exercise capacity was minimal, 

because only the association with reduced activity reached statistical significance. 
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Discussion 

The main results of the present study demonstrate that symptoms of depression 

and symptoms of anxiety, rather than symptoms and severity of CAD, were strongly 

associated with various characteristics of subjective feelings of fatigue as measured by a 

standard diagnostic inventory. On the other hand, NYHA functional class and other 

clinical and demographic characteristics, but not symptoms of depression or anxiety, 

were strongly associated with exercise capacity. Moreover, an association between 

various characteristics of subjective fatigue and exercise capacity was rather weak in CAD 

patients. 

To our knowledge this study was performed in the largest sample of CAD patients 

evaluating the relationship between symptoms of depression, symptoms of anxiety and 

fatigue. Results from our study regarding the association between fatigue and symptoms 

of depression correspond to findings from two recent studies performed in the same 

sample of 204 post-MI patients that reported strong positive correlations between scores 

on the HADS depression subscale and all MFI-20 subscales [16, 17]. Moreover, it was 

reported that depression together with disturbed sleep explained 46% of the variance in 

fatigue scores [16]. However, Brink and Grankvist reported only a weak association 

between symptoms of depression and fatigue in post MI patients [18]. These findings 

suggest that the relationship between depression and fatigue in CAD patients may be 

complex and that fatigue and depression might represent a different expression of the 

same pathological process, because subjective fatigue is a core feature of depression and 

the two tend to overlap [14, 34]. Indeed, items of fatigue are included in many self-report 

instruments of depression; therefore one might expect large shared variance between 

scores of subjective fatigue and scores of self-reported depression. However, in the 

HADS, an instrument we used in this study, somatic symptoms, including fatigue, are 

excluded, because the HADS was initially developed to identify anxiety and depressive 

disorders in non-psychiatric hospital population [29]. Among currently available self-

report instruments for depression the HADS is the most widely used in somatic patients 

where the prevalence of physical symptoms and fatigue is expected to be high [6, 16, 17, 

29]. 

We also found a significant positive association between symptoms of anxiety and 

subjective fatigue, especially general fatigue and mental fatigue. Falk and colleagues also 
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reported strong and positive associations between anxiety, measured by the HADS, and 

mental fatigue, measured by the MFI-20, in heart failure patients and suggested that 

patients with anxiety have a decreased ability to solve problems in stressful situations 

that consequentially leads to an increase in mental fatigue and eventually to an increase 

in general fatigue [6]. 

An association between subjective fatigue and CAD symptoms was relatively 

weak in our study. Alsen and colleagues found no correlation between fatigue and 

troponin T concentrations in post MI patients [17]. Similarly, Frassure-Smith and 

colleagues showed that distressed (type D) personality, but neither CAD stage nor CAD 

risk factors predicted fatigue at 12 month follow-up after MI [35]. Results from these 

studies combined with findings from our study show that fatigue in CAD patients has a 

greater association with psychological factors, such as depression and anxiety,  than it 

does with physical status. 

While underlying biological mechanisms linking depressive and anxious symptoms 

to subjective fatigue are unknown, current evidence demonstrates that fatigue is 

associated with immune abnormalities, alterations in autonomic nervous system 

function, and hypoactivity of the hypothalamic-pituitary-adrenal (HPA) axis [36]. Various 

immune abnormalities as well as dysregulation of the HPA axis and thyroid function are 

found in CAD patients with depression, suggesting that dysregulation of these systems 

might be an underlying mechanism of fatigue [37]. Consequently, further studies 

evaluating these and other biological mechanisms contributing to the relationship 

between fatigue and depression in patients with CAD are indicated. 

Another important finding of the present study is that exercise capacity was 

found to be associated with CAD severity and clinical symptoms but not with symptoms 

of depression, nor symptoms of anxiety. In this regard our findings are inconsistent with 

findings by Lavoie and colleagues who evaluated patients referred for an exercise stress 

test and found that patients with a current diagnosis of major depressive disorder (MDD) 

had poorer exercise performance even after controlling for age, sex, use of beta blockers, 

family history and smoking status compared to patients without current MDD [19]. It 

should be noted, however, that functional cardiac status was not included in their model.  

Clinical status may well have been a stronger predictor of exercise performance than 

current MDD. Another possibility for the discrepancy between our study and that of 
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Lavoie and colleagues relates to differences in severity of the depressive disorder [19]. A 

current clinical diagnosis of MDD may independently impact exercise capacity, while 

depressive and anxious symptoms in the absence of a clinical diagnosis might be 

predictors of adverse emotional health such as subjective fatigue.  

In our study exercise capacity in multivariate models was found to have small 

effects on subjective fatigue; and vice versa, fatigue measurements had only minimal 

effects on exercise capacity. Others have reported weak correlations between fatigue 

and oxygen consumption in pediatric patients undergoing exercise testing [23]. Similarly, 

a study in a sample of 50 adult chronic heart failure patients found only a very weak 

association between peak exercise VO2 and symptoms of fatigue and dyspnea [22]. 

However, a study in adult cardiac patients found clinically significant correlations 

between self-administered activity based questionnaires and peak VO2 measurements 

[38]. Lack of standardization in the way that subjective fatigue is defined and measured 

may explain some of the discrepancy.  However, the weight of the evidence, including 

the results from the present study, suggests that the relationship between subjective 

sense of tiredness (fatigue) and objective measurement of tiredness (exercise capacity) is 

weak, with subjective fatigue having a stronger relationship with mood symptoms, while 

exercise capacity has a stronger relationship with objective cardiac function.  

The dissociation between subjective fatigue and exercise capacity may have 

important treatment implications for CAD patients.  For example, asking patients about 

symptoms of fatigue experienced in daily life will correspond not to actual exercise 

capacity of the patient, but, rather, to the patient’s emotional state. Interventions 

decreasing depression and anxiety might have beneficial effects on decreasing subjective 

fatigue in CAD patients.  

The strengths of this study include a large sample and the use of validated 

instruments.  Together, this fortifies the reliability of our findings regarding the 

determinants of fatigue and exercise capacity in patients with CAD. On the other hand, 

due to the correlational design of our study, the question of causality in evaluating an 

association between fatigue, exercise capacity and symptoms of depression and anxiety 

cannot be addressed. The absence of a structured psychiatric interview is another 

limitation of our study. On the other hand, the HADS has good psychometric properties 

and is widely used as a screening instrument for mood symptoms and disorders in 
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cardiac patients [16,17]. Inflammatory reactions, neuroendocrine factors [37], sleep 

disorders [16], smoking, weight, hemoglobin levels and other psychological factors, such 

as type D personality [35], have been shown to be important predictors of fatigue; 

however, this issue was not addressed in our study. Our study group consists of stable 

CAD patients undergoing rehabilitation two weeks after acute coronary syndromes and 

results of this study cannot be directly generalized to the acute phase of MI or unstable 

angina. Finally, the fit of the models described in our study should be validated in a 

different sample of CAD patients. On the other hand the majority of CAD patients survive 

the acute period and our study indicates that different approaches are needed to address 

subjective and objective fatigue in these patients.  

 

Conclusions 

Subjective fatigue in CAD patients is strongly related to symptoms of depression 

and symptoms of anxiety, rather than symptoms and severity of CAD. In contrast, 

exercise capacity is strongly related to NYHA functional class and other clinical and 

demographic characteristics, but not symptoms of depression and symptoms of anxiety. 

The association between various characteristics of subjective fatigue and exercise 

capacity is rather weak in CAD patients. 
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ABSTRACT 

Objective. In coronary artery disease (CAD) patients there are no studies evaluating 

possible association between endocrine measures and fatigue; however, it was recently 

shown exercise capacity to be related to thyroid hormone and norepinephrine 

concentrations. We evaluated possible associations of fatigue and exercise capacity, with 

function of adrenal axis and thyroid axis in CAD patients. Methods. Eighty-three CAD 

patients (65 men, 18 women; aged 55±9 years) attending a rehabilitation program were 

evaluated for fatigue using the Multidimensional Fatigue Inventory and Dutch Exertion 

Fatigue Scale, for depressive and anxiety symptoms using the Hospital Anxiety and 

Depression Scale, for exercise capacity using ergometer procedure, and for serum 

concentrations of free tri-iodothyronine (T3), free thyroxine (T4), morning cortisol, 

afternoon cortisol and change in cortisol concentrations (∆Cortisol). Results. In univariate 

regression analysis lower free T4 concentrations were associated with general fatigue and 

exertion fatigue; lower free T3 concentrations were associated with general fatigue and 

physical fatigue; and lower ∆Cortisol was associated with mental fatigue. After adjusting 

for age, gender, body mass index, hypertension, previous myocardial infarction, heart 

failure, diabetes, New York Heart Association functional class, depressive symptoms and 

anxiety symptoms, lower free T3 concentrations remained associated with physical 

fatigue (β=-.224, p=.03); lower free T4 concentrations - with exertion fatigue (β=-.219, 

p=.03); and lower morning cortisol and lower ∆Cortisol concentrations - with mental 

fatigue (β=-.193, p=.03 and β=-.180, p=.04, respectively). Exercise capacity was not 

associated with endocrine factors. Conclusions. In CAD patients increased thyroid 

hormone concentrations are associated with decreased physical fatigue and decreased 

exertion fatigue; and increased cortisol concentrations, with decreased mental fatigue.  

Exercise capacity is not associated with endocrine factors. 
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Introduction 

Fatigue is the most distressing health complaint [1] affecting the majority of 

coronary artery disease (CAD) patients [2]. It is described as an overwhelming subjective 

sense of tiredness and lack of energy having a negative effect on physical and mental 

capacity and not relieved by rest. However, the underlying biological mechanisms of 

fatigue in CAD patients are poorly understood and biological markers of fatigue remain to 

be identified.  

In CAD patients fatigue was weakly associated with traditional CAD markers, such 

as troponin T concentrations [3], CAD stage and risk factors [4, 5]. Instead, fatigue was 

associated with a variety of negative psychosocial factors, such as depression, anxiety, 

sleep disorders and type D personality [3, 4, 5], that are prevalent in CAD patients and 

are associated with reduced quality of life and adverse outcomes [6, 7].  

Fatigue is a symptom common to many illnesses. It is a complex disorder sharing 

common features with mood and anxiety disorders and was shown to be associated with 

low cortisol concentrations [8,9] and flattened cortisol diurnal secretion [10]. Moreover, 

blunted hypothalamic-pituitary–adrenal (HPA) axis function was shown to predict onset 

of fatigue [10], suggesting that abnormalities of the adrenal axis play an important role. 

Depression, on the other hand, is associated with increased HPA axis function, such as 

increased cortisol concentrations in saliva, plasma and urine, increased size of the 

adrenal gland and the anterior pituitary gland [11, 12].  

The role of thyroid axis function in the development of fatigue remains unclear; 

however, fatigue was shown to be associated with low thyroid stimulating hormone 

(TSH) concentrations [13] and is a common symptom of thyroid disorders, such as 

hypothyroidism, hyperthyroidism [14] and Hashimoto’s thyroiditis [15]. Moreover, 

treatment with thyrothropin releasing hormone (TRH) was shown to be effective in 

ameliorating cancer related fatigue [16].  Low triiodothyronine (T3) syndrome is often 

observed in severe medical conditions including myocardial infarction (MI) [17] and was 

found to be associated with depression in CAD patients [18]. In addition, recent evidence 

suggests that after MI thyroid hormones can reverse left ventricular post-ischemic 

remodeling by improving shape of myocytes and geometry of cardiac chambers, thus 

leading to improved systolic and diastolic performance of the heart [19, 20]. However, to 



Chapter 7 

122 

the best of our knowledge, currently there are no studies evaluating the association 

between fatigue and thyroid function in CAD patients. 

Exercise capacity in CAD patients is strongly associated with clinical CAD severity 

markers, such as New York Heart Association (NYHA) functional class, and demographic 

factors, such as gender, but not with psychological factors [5]. A recent study performed 

in 240 heart failure patients reported that, after adjusting for other variables, reduced 

exercise capacity remained correlated with lower concentrations of free T3 in patients 

with severe cardiac impairment. There was also an inverse relationship between exercise 

capacity and norepinephrine concentrations in univariate analysis of all heart failure 

patients [21].  

The aim of this study was to evaluate in CAD patients a possible association 

between fatigue, exercise capacity, thyroid axis hormone concentrations and cortisol 

concentrations.  

 

Methods 

Subjects 

In period from September 2008 until October 2009 a total of 83 consecutive 

patients diagnosed with CAD (65 men and 18 women; mean age 55 ± 9 years) attending a 

rehabilitation program at the Cardiovascular Rehabilitation Clinic of the Institute of 

Psychophysiology and Rehabilitation of the Lithuanian University of Health Sciences in 

Palanga, Lithuania, agreed to participate in this cross-sectional study. All study patients 

were referred to the rehabilitation clinic within two weeks after treatment of acute MI or 

an episode of chest angina at the cardiac in-patient department. All patients were 

receiving standard treatment for secondary prevention of CAD according to existing 

guidelines. Patients were excluded from the study if they were taking thyroid 

medications or amiodarone, had current hypothyroidism or hyperthyroidism, had high 

concentrations of auto-antibodies against thyroid peroxidase (TPO-Abs ≥60 U/mL) 

suggesting of autoimmune thyroid disease, were older than 80 years, had cognitive 

disorientation or communicative disabilities, had other severe diseases, or did not speak 

Lithuanian fluently. 
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Procedure and Instruments 

The study and its consent procedures were approved by the Internal Review 

Board and conformed to the principles outlined in the Declaration of Helsinki. Written 

informed consent was obtained from each study patient.  

Within three days of admission all patients were evaluated for demographic 

factors, for CAD risk factors, for current treatment for CAD, for NYHA functional class, for 

body mass index (BMI), for fatigue, and for symptoms of depression and anxiety. On the 

next day all study patients underwent exercise capacity evaluation using a standard 

bicycle ergometer testing procedure [22]. 

Symptoms of depression and anxiety were evaluated using the Hospital Anxiety 

and Depression scale (HADS), which is a 14-item self-rating instrument consisting of a 

subscale of anxiety and a subscale of depression, which are designed to measure 

respective symptoms [23,24]. Possible scores in both subscales range from 0 to 21 with 

higher scores indicating more severe symptoms and scores equal to or greater than 8 on 

respective subscales indicating possible clinical depression and/or anxiety. The HADS has 

proven useful in both inpatient and outpatient settings [25] and in CAD patients [26].  

Fatigue was measured using the 20-item self-report Multidimensional Fatigue 

Inventory (MFI-20) [27]. The MFI-20 is comprised of five subscales: general fatigue, 

physical fatigue, reduced activity, reduced motivation and mental fatigue. General 

fatigue includes statements about overall fatigue and decreased functioning; physical 

fatigue evaluates physical sensations; reduced activity relates to a possible consequence 

of fatigue; reduced motivation refers to intent to start any activity; and mental fatigue 

evaluates difficulties in concentration. Patients rate how well each statement applies to 

them based on their experience during the past few days ranging from 1 (no fatigue) to 5 

(very fatigued). Possible scores on MFI-20 subscales range from 4 to 20, with higher score 

indicating higher levels of fatigue.  

Exertion fatigue, defined as fatigue directly related to the performance of daily 

activities in the spheres of household, personal hygiene and social life, was evaluated 

using the self-report Dutch Exertion Fatigue Scale (DEFS) [28]. The DEFS consists of nine 

items that are rated on a 5 point Likert scale, ranging from 0 to 4. Overall score range 

from 0 to 36 with higher score indicating higher level of exertion fatigue. 
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Exercise capacity was evaluated using standardized exercise testing by a 

computer-driven bicycle ergometer under direct supervision of a cardiologist (J.B.) with 

workload rising by 25 Watts (W) every three minutes. Subjects were exercised to their 

self-determined maximal capacity or until the cardiologist stopped the test because of 

symptoms such as chest pain or dizziness, potentially dangerous arrhythmias or ST-

segment deviations, or marked systolic hypotension or hypertension. The workload in W 

at the end of the exercise test was considered as exercise capacity. 

 

Evaluation of thyroid axis hormone and cortisol concentrations 

Blood samples for thyroid axis hormones and morning cortisol (cortisol AM) 

assessments were drawn at the initiation of rehabilitation program from an antecubital 

vein about 8 A.M. before breakfast and within ten minutes after patients awoke, 

following overnight fasting. Blood samples for afternoon cortisol (cortisol PM) 

assessments were drawn at 3 P.M. Blood was centrifuged and serum was frozen at – 40 
oC. The samples from all patients for each parameter were analyzed in a single batch. 

Serum concentrations of free T3, free T4, TSH, TPO-Abs and cortisol were measured by 

radio-immunoassay. Normal values for free T3 are from 3.7 to 6.7 pg/mL; for free T4, from 

0.7 to 1.7 ng/dL; for TSH, from 0.5 to 3.7 μg/mL; for Anti-TPO, less than 60 U/mL; for 

morning cortisol from 4 to 22 μg/dL and for afternoon cortisol from 3 to 12 μg/dL. We 

also calculated change in cortisol concentrations (∆Cortisol) by subtracting cortisol PM 

concentration from cortisol AM concentration. 

 

Data analysis 

Data were analyzed with SPSS 17.0 for Windows (Chicago, Illinois). Data are 

expressed as mean ± standard deviation for quantitative variables and as number 

(percent) for qualitative variables.  

First, we performed Pearson’s correlation analysis to explore the associations 

between fatigue and exercise capacity. Next, we performed unadjusted regression 

analysis to determine univariate association between fatigue, exercise capacity, 

symptoms of depression, symptoms of anxiety and endocrine variables (thyroid 

hormones and cortisol).  
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Finally, stepwise multivariate linear regression analyses were performed to 

determine if thyroid hormones and cortisol concentrations remained independently 

related to fatigue and exercise capacity. Seven separate regression models were created 

for each of five MFI-20 subscales, DEFS and exercise capacity with endocrine measures as 

independent variables adjusting for age, gender, NYHA class, BMI, presence of heart 

failure, hypertension, diabetes, previous MI, depressive symptoms and anxiety 

symptoms. A probability of 0.09 or less was used as the criterion to include an 

independent variable in the model, and a probability of 0.1 or more was used as a 

criterion to remove an independent variable from the model.  

 

Results 

Sixty-nine (83%) patients had previous MI, 64 (77%) patients had unstable chest 

angina, 48 (58%) patients had hypertension, 48 (58%) patients had heart failure and 7 

(8%) patients had diabetes. The majority of patients (n=68, 82%) were NYHA class II 

functional class, followed by NYHA class III functional class (n=8, 10%) and NYHA class I 

functional class (n=7, 8%). 

Table 1 presents exercise capacity, scores on the HADS, MFI-20 and DEFS as well 

as mean concentrations of thyroid hormones and cortisol. Thirteen (16%) patients had 

possible clinical depression, and 29 (35%) patients had possible clinical anxiety.  

 

Table 1. Fatigue, symptoms of depression, symptoms of anxiety, exercise capacity and 

concentrations of thyroid hormones and cortisol of 83 patients with coronary artery 

disease. 

Multidimensional Fatigue Inventory - 20*, mean ± SD 

General fatigue  49.1±25.7 

Physical fatigue 54.1±26.1 

Reduced activity 58.6±23.5 

Reduced motivation 39.0±20.9 

Mental fatigue 36.9±24.9 

Dutch Exertion Fatigue Scale*, mean ± SD 

Score 3.4±2.8 
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Table 1 (continued). 

Hospital anxiety and depression scale*, mean ± SD 

Depression 4.3±3.5 

Depression ≥ 8 13 (16) 

Anxiety 6.2±3.0 

Anxiety ≥ 8 29 (35) 

Exercise capacity, mean ± SD 

Watts 63.2±24.5 

Concentration of thyroid hormones and cortisol, mean ± SD 

FreeT3 (pg/m)l 5.1±1.0 

FreeT4 (ng/dl) 1.2±.3 

TSH (mU/l) 2.0±1.3 

Cortisol PM (µg/dl) 4.5±3.9 

Cortisol AM (µg/dl) 18.7±5.9 

∆Cortisol (µg/dl) 14.2±6.0 

* Higher scores indicate higher levels of fatigue or emotional symptoms 

 

Associations between fatigue and exercise capacity are presented in Table 2. 

There was a moderate to strong and significant correlation between all fatigue measures. 

However, the correlation between exercise capacity and all fatigue measures was not 

significant. 

We then explored unadjusted associations between of fatigue and exercise 

capacity with endocrine variables (thyroid hormones and cortisol). Table 3 shows results 

of selected unadjusted and adjusted regression analyses. Unadjusted regression analysis 

revealed that lower free T4 concentrations were associated with greater general fatigue 

(β=-.240, p=.03) and greater exertion fatigue (β=-.300, p=.006). Lower free T3 

concentrations were associated with greater general fatigue (β=-.265, p=.02) and greater 

physical fatigue (β=-.293, p=.007; see Figure 1). Lower ∆Cortisol was associated with 

greater mental fatigue (β=-.250, p=.02; see Figure 2), whereas lower morning cortisol 

concentrations were associated with a trend of greater mental fatigue (β=-.192, p=.08). 

Lower exercise capacity showed only a trend towards higher TSH concentrations (β=-
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.190, p=.09). Also, higher level of depressive symptoms showed a trend towards lower 

free T4 (β=-.211, p=.06) and free T3 (β=-.190, p=.09) concentrations. There were no 

significant associations in unadjusted analyses of concentrations of thyroid hormones 

and cortisol with other fatigue symptoms and anxiety symptoms. 

 

Table 2. Associations between fatigue and exercise capacity; Pearson’s r (p).  

 Multidimensional Fatigue Inventory-20 DEFS 

General 

fatigue 

Physical 

fatigue 

Reduced 

activity 

Reduced 

motivation 

Mental 

fatigue 

MFI-20 General 

fatigue 
1      

MFI-20 Physical  

fatigue 

.72 

(<.001) 
1     

MFI-20 Reduced 

activity 

.75 

(<.001) 

.80 

(<.001) 
1    

MFI-20 Reduced 

motivation 

.67 

(<.001) 

.61 

(<.001) 

.57 

(<.001) 
1   

MFI-20 Mental  

fatigue 

.54 

(<.001) 

.43 

(<.001) 

.42 

(<.001) 

.55  

(<.001) 
1  

DEFS .56 

(<.001) 

.47 

(<.001) 

.52 

(<.001) 

.37  

(<.001) 

.35 

(.001) 
1 

Exercise capacity -.21 

 (.06) 

-.18 

 (.11) 

-.17  

(.12) 

.03  

(.81) 

-.14  

(.21) 

-.02 

(.87) 

In bold p<.05. 

MFI-20, Multidimensional Fatigue Inventory-20; DEFS, Dutch Exertion Fatigue Scale. 
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Figure 1. Scatter plot of Multidimensional Fatigue Inventory-20 Physical fatigue scores 

versus free triiodothyronine (T3) concentrations.  

 

Figure 2. Scatter plot of Multidimensional Fatigue Inventory-20 Mental fatigue scores 

versus delta cortisol concentrations.  

 
 

In multivariate regression analyses adjustments were made for age, gender, NYHA 

class, BMI, presence of heart failure, hypertension, diabetes, previous MI, depressive 

symptoms and anxiety symptoms. Lower free T3 concentration remained associated with 

higher level of physical fatigue (β=-.224, p=.03) and lower free T4 concentration 

remained associated with higher level of exertion fatigue (β=-.219, p=.03). Lower 

morning cortisol concentration and lower ∆Cortisol remained associated with higher 

level of mental fatigue (β=-.193, p=.03 and β=-.180, p=.04, respectively). The trend of 

negative relationship between exercise capacity and TSH concentrations found in 

unadjusted model became insignificant in adjusted model.  
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Table 3. Associations of fatigue and exercise capacity with thyroid hormone and cortisol 

concentrations in 83 patients with CAD, β (p). 

 

 

Free T3 Free T4 TSH Cortisol 

AM 

∆∆∆∆ 

Cortisol 

MFI -20 General 

fatigue 

Unadjusted 

 

Adjusted*  

-.265 

(.02) 

-.153 

(.92) 

-.240 

(.03) 

-.151 

(.95) 

.176 

(.11) 

.196 

(.98) 

-.017 

(.88) 

.007 

(1.0) 

-.102 

(.36) 

-.037 

(.98) 

MFI -20 Physical 

fatigue 

Unadjusted 

 

Adjusted * 

-.293 

(.007) 

-.224 

(.03) 

-.148 

(.18) 

-.059 

(.95) 

.104 

(.35) 

.107 

(.98) 

-.121 

(.28) 

-.115 

(1.0) 

-.186 

(.09) 

-.144 

(.98) 

MFI -20 Mental 

fatigue 

Unadjusted 

 

Adjusted * 

-.131 

(.24) 

-.022 

(.91) 

-.157 

(.16) 

-.097 

(.92) 

.143 

(.20) 

.166 

(.97) 

-.192 

(.08) 

-.193 

(.03) 

-.250 

(.02) 

-.180 

(.04) 

Dutch Exertion 

Fatigue Scale  

Unadjusted 

 

Adjusted * 

-.111 

(.37) 

-.033 

(.96) 

-.300 

(.006) 

-.219 

(.03) 

.043 

(.70) 

.005 

(1.0) 

-.080 

(.48) 

-.072 

(1.0) 

-.109 

(.33) 

.058 

(.98) 

Exercise capacity 

(Watts) 

Unadjusted 

 

Adjusted * 

.149 

(.18) 

.012 

(.89) 

-.011 

(1.0) 

-.018 

(.97) 

-.190 

(.09) 

-.121 

(.96) 

.006 

(.95) 

-.068 

(.98) 

.075 

(.50) 

-.005 

(.97) 

MFI-20, Multidimensional Fatigue Inventory-20. 

*Multivariate models, adjusted for age, gender, BMI, NYHA class, hypertension, heart 

failure, diabetes, previous MI, symptoms of depression and symptoms of anxiety 

In bold – p<.05 

In italic – p>.05 but <.1 
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Discussion 

The main findings of the present study were as follows: decreased thyroid 

hormone concentrations were independently associated with increased physical fatigue 

and increased exertion fatigue; and decreased morning cortisol concentrations and lower 

∆Cortisol, with increased mental fatigue.  Exercise capacity, on the other hand, showed 

no association with thyroid hormone or cortisol concentrations. 

Lower concentrations of thyroid hormones were associated with higher level of 

fatigue. Specifically, in univariate analysis lower thyroid hormone concentrations were 

associated with general fatigue, with physical fatigue, and with exertion fatigue. After 

adjusting for demographic, clinical and psychological factors thyroid hormone 

concentrations remained negatively associated with physical fatigue and exertion fatigue. 

Numerous evidence suggests that lower thyroid hormone concentrations are associated 

with greater fatigue as found in our study. For example, DeLorenzo et al. [13] reported 

lower TSH concentrations together with not significant differences of free T4 

concentrations in patients with chronic fatigue syndrome when compared to healthy 

subjects. Another study performed in a group of patients after surgical resection and 

radioactive iodine ablation therapy of the thyroid gland for thyroid carcinoma found that 

withdraw of T4 replacement therapy was associated with significant increase of fatigue, 

and there was clinically significant remission of fatigue after re-establishing thyroid 

replacement therapy [29] suggesting that thyroid hormones have a propensity to 

decrease fatigue. In our study we excluded patients with primary thyroid disorder, thus 

avoiding endocrine bias. One small study reported that TRH administration was effective 

in ameliorating cancer related fatigue [16].  

Thyroid hormones have complex mechanisms of action in the cardiovascular and 

central nervous systems [30]. Certain genetic factors might mediate susceptibility to 

fatigue in certain groups of CAD patients. For example, it was recently shown that 

polymorphism in the thyroid hormone OATP1c1 transporter gene that is responsible for 

carrying thyroid hormones across the blood - brain barrier, was associated with higher 

levels of fatigue and depression in a population of patients with usual hormone 

replacement therapy for primary autoimmune hypothyroidism [31]. Another study 

reported that wellbeing of hypothyroid patients treated with T4 and improvement of 
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wellbeing after initiation of combined treatment with T4 and T3 depend on DIO2 gene 

polymorphism [32].  

It was demonstrated that after acute cardiac events such as MI [17] or in heart 

failure [33,34] thyroid hormones concentrations, especially T3 concentrations usually 

decrease, causing so called low T3 syndrome. This syndrome predicts worse outcomes of 

CAD [34, 35] and is associated with worse cardiac function and with symptoms of 

depression [18]. Moreover, it was recently shown that greater total T3 plasma 

concentrations are closely correlated with improved early and late recovery of cardiac 

function after acute MI and thyroid hormones are independent predictors of improved 

recovery of cardiac function after MI [36]. Our results are consistent with the low T3 

syndrome existing in at least some of the CAD patients and indicate that this syndrome is 

associated with subjective fatigue.  

In the present study lower morning cortisol concentration and lower ∆Cortisol 

were independent predictors of mental fatigue even after controlling for demographic, 

clinical and psychological factors. This corresponds to findings from previous studies that 

reported blunted HPA axis, specifically lower plasma and saliva cortisol concentrations, 

decreased urinary cortisol concentrations and flattened diurnal cortisol secretion, in the 

absence of clinical hypocortisolism, in patients with chronic fatigue syndrome (CFS) [8, 

37]. A recent meta-analysis reported significant basal hypocortisolism in patients with 

CFS, but not in patients with other functional somatic disorders, including fibromyalgia 

and irritable bowel syndrome, when compared to healthy controls [9]. Moreover, a 

longitudinal study of 4299 elderly people from a community sample reported that 

alterations of cortisol secretion, specifically low wakening cortisol secretion and flat slope 

of diurnal cortisol secretion, predicted onset of fatigue, suggesting that abnormalities of 

HPA axis play an important role in the etiology and pathogenesis of fatigue [10]. It was 

suggested that dysregulation of HPA axis function is associated with impaired ability to 

adapt to various stressors, therefore leading to increased risk of fatigue [8, 38].  

Insufficient glucocorticoid signaling has been shown to be associated with increased 

inflammatory responses that can consequentially lead to increased levels of fatigue [8, 

38]. Cleare suggested that hypocortisolism may be a consequence rather than a cause of 

CFS [39]. In any case our study has demonstrated an association between decreased 
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cortisol concentrations and mental, but not physical fatigue in a population of stable CAD 

patients undergoing cardiac rehabilitation. 

Fatigue in CAD patients is strongly associated with negative psychological factors, 

such as symptoms of depression, symptoms of anxiety, sleep disorders and type D 

personality [3,4,5]; fatigue is only weakly associated with clinical and laboratory CAD 

severity indexes and risk factors [3,4,5]. In this context it is important to recall that a 

regression analysis was performed in the present report so that endocrine characteristics 

were isolated from symptoms of depression and anxiety as well as from clinical cardiac 

characteristics. The results suggest that thyroid hormones and cortisol concentration 

may directly influence the severity of fatigue.  

There have been a few attempts to treat fatigue in CAD patients. For example, a 

recent Exhaustion Intervention Trial (EXIT) showed that behavioral interventions were 

effective in reducing vital exhaustion in post percutaneous coronary intervention patients 

without a CAD history, but not in those with a CAD history, and further analysis revealed 

that the lack of effect was mostly evident in patients with serious and long-lasting CAD 

history and symptoms of exhaustion [37]. The authors suggested that endocrine and/or 

behavioral changes might cause vital exhaustion to be fixed and resistant to therapy. Our 

study shows that certain endocrine factors are associated with fatigue and might be 

explored in further studies as markers to describe subgroups of CAD patients that could 

benefit most from interventions.  

Exercise capacity in the current study was related to gender and NYHA class but 

neither to psychological nor to neuro-endocrine factors. These findings agree with results 

from our previous study that showed a strong association between exercise capacity and 

CAD severity markers and risk factors, but not with depression and anxiety [5]. In 

contrast, Fontana et al. [21] recently reported that the low T3 syndrome was 

independently associated with decreased functional capacity in patients with severe 

heart failure, but not in patients with mild to moderate heart failure. These findings 

when compared to results from our study might be explained by the fact that the 

majority of patients in our study had only mild to moderate heart failure as evaluated by 

the means of NYHA class. In the study by Fontana et al. [21] free T3 concentrations were 

not related to exercise capacity in patients with mild to moderate heart failure, 

corresponding to our finding. Severe heart failure is associated with disturbances in 
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thyroid axis and in adrenal axis leading to the worsening of the disease. It was 

demonstrated in a small study [41] that maintaining normal concentrations of thyroid 

hormone activity by administrating exogenous T3 improves cardiac and endocrine 

functions in patients with heart failure.   

This study has several limitations. The sample size was relatively small and 

therefore results should be considered as preliminary. Also, due to the cross-sectional 

design we cannot determine if abnormalities of endocrine function were caused by CAD 

and subsequent heart failure or they preceded the development of fatigue. The absence 

of a structured psychiatric interview is another limitation. On the other hand, the HADS 

has reliable psychometric properties and is widely used as a screening instrument in 

cardiac patients [3, 5].  

 

Conclusion 

In sum, we found that decreased thyroid hormone concentrations are 

independently associated with increased physical fatigue and increased exertion fatigue. 

Decreased morning cortisol concentrations are associated with increased mental fatigue.  

Exercise capacity, on the other hand, shows no association with thyroid axis hormone or 

cortisol concentrations. 
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ABSTRACT 

Background. Identification of the most cardio-toxic psychological symptoms clusters in 

coronary artery disease (CAD) patients is important. We examined the association of 

negative affectivity (NA), social inhibition (SI), and their combination in the distressed (Type 

D) personality with functional status, fatigue and mental distress in CAD patients. Methods. 

Following acute coronary syndrome, 690 consecutive CAD patients agreed to participate in 

this cross-sectional study and were evaluated for clinical characteristics, including left 

ventricular ejection fraction (LVEF) and for NA, SI and Type D personality (i.e., NA and SI; 

DS14 scale) when they entered a cardiac rehabilitation program. Patient-centered outcomes 

included functional status (bicycle ergometer), symptoms of fatigue (Multidimensional 

Fatigue Inventory-20) and mental distress (Beck Depression Inventory–II and Hospital 

Anxiety and Depression Scale). Results. The reference subgroup (neither NA nor SI) included 

34% of patients; 13% had NA only, 19% had SI only, and 34% had Type D profile. Type D 

patients had worse functional status, and Type D patients and NA only patients had higher 

symptom levels of fatigue and mental distress. In multivariate regression models that 

included LVEF, clinical characteristics and depressive symptoms, Type D personality was an 

independent predictor of decreased exercise capacity (OR=1.84, 95%CI (1.12-3.03), p=.02) 

and decreased motivation for activity (OR=2.48, 95%CI(1.31-4.70), p=.006). Type D, NA and 

SI were also independent predictors of mental distress. Conclusions. Type D personality 

traits independently predicted poor functional status and worse patient-centered outcomes 

independently from LVEF and depression. Further studies exploring personality-related 

differences in cardiovascular outcomes are needed. 
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Introduction 

The patient perspective on functional and health status is considered to be an 

important outcome of effective treatment in cardiology, but relatively little is known about 

the determinants of these patient-centered outcomes [1, 2]. Apart from objective markers 

of disease severity, behavioral markers such as depression may be associated with 

diminished health status benefits [3]. However, the association between depression and 

functional status is complex. Others have reported that depression was associated with 

lower exercise capacity, but we could not replicate this association in a study of 1470 CAD 

patients [4, 5]. These mixed findings suggest that other variables may partially explain 

substantial individual differences in patient-centered outcomes. 

Individual differences in personality may have an adverse effect on these outcomes. 

Type D personality is characterized by the combination of negative affectivity (NA; the 

tendency to experience negative emotions) and social inhibition (SI; the tendency to inhibit 

self-expression), and has been associated with adverse clinical events, poor health status, 

symptoms of fatigue and mental distress in cardiac patients [6-9]. Less is known about the 

association of Type D with functional status. One study found that Type D patients covered 

shorter distance on the 6-minutes walking test without substantial differences in heart rate 

[10]. Decreased functional status in Type D patients might be due to decreased effort to 

perform but more research is needed to test this assumption. 

Recently, it has been argued that further studies should be directed towards 

dismantling of depressive symptoms in order to identify the most cardio-toxic symptoms 

such as anhedonia [11-13]. Hence, research needs to study the association of Type D with 

anhedonia, depressed mood and suicide ideation as distinct depressive symptoms. To date, 

most studies evaluated the role of Type D personality using dichotomous categories 

(presence versus absence), but research should also focus on the outcome effects of the 

separate NA and SI components of Type D [14]. 

Therefore, in this study, we examined the association of NA alone, SI alone, and their 

combination (i.e., Type D) with functional status, symptoms of fatigue and mental distress 

as important patient-centered outcomes in CAD patients who participated in cardiac 

rehabilitation. 
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Methods  

Patients 

From February 2007 until August 2011 a total of 690 consecutive CAD patients (74% 

men and 26% women; mean age 58±9 years) attending a rehabilitation program at the 

Cardiovascular Rehabilitation Clinic of the Behavioral Medicine Institute of Lithuanian 

University of Health Sciences in Palanga, Lithuania, agreed to participate in this study. All 

study patients were referred to the rehabilitation clinic within one week after discharge 

from cardiac in-patient department following treatment for acute coronary syndromes. All 

patients were receiving standard treatment for secondary prevention of CAD according to 

the existing guidelines. Patients were excluded from the study if they had cognitive 

disorientation and communicative disabilities, or did not speak Lithuanian fluently. The 

study and its consent procedures were approved by the Ethics Committee for Biomedical 

Research at Lithuanian University of Health Sciences, Kaunas, Lithuania. A written informed 

consent was obtained from each study patient. 

 

Study design 

Within three days of admission to the rehabilitation clinic, all patients were 

evaluated for demographic and clinical characteristics, including CAD diagnosis, New York 

Heart Association (NYHA) functional class, previous revascularization procedures, CAD risk 

factors, including diabetes mellitus, smoking, hypertension and body mass index (BMI) and 

psychiatric treatments [15]. Hypertension was defined as diastolic pressure ≥90 mmHg 

and/or systolic pressure ≥140 mmHg, and obesity as BMI ≥30 kg/m2. During the same visit, 

all patients were evaluated for personality (DS14 scale), symptoms of fatigue 

(Multidimensional Fatigue Inventory or MFI-20), symptoms of depression, depressed mood, 

anhedonia, suicidal ideation and worthlessness (the Beck Depression Inventory – II or BDI-

II), and symptoms of anxiety and depression (Hospital Anxiety and Depression Scale or 

HADS) [6, 16-19]. Total depressive symptom severity was evaluated using both the BDI-II 

and HADS and different clusters of depressive symptoms were evaluated with the BDI-II in 

order to prevent an overlap between questions targeting depressive symptoms.  

During the initiation of rehabilitation program, 675 study patients underwent 

exercise capacity evaluation using a standard bicycle ergometer testing procedure and left 
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ventricular ejection fraction (LVEF) was evaluated quantitatively by cardiologist in 651 

patients by the means of echocardiography. Values of the LVEF were categorized into 2 

groups: normal to mild systolic dysfunction (LVEF>40%) and moderate to severe systolic 

dysfunction (LVEF≤40%). 

 

Individual differences in Type D personality 

The DS14 scale consists of two 7-item subscales of NA and SI that are designed to 

measure respective personality traits [6, 19]. Each item is rated on a five point Likert-type 

scale from 0 (false) to 4 (true) with total scores ranging from 0 to 28 on each subscale. 

Scores of ≥10 on the NA and SI subscales indicate respective personality traits, and scores of 

≥10 on both subscales indicate Type D personality. In extensive cross-cultural research the 

DS14 scale was shown to be a highly reliable instrument for evaluation of Type D personality 

construct and for identification of Type D patients using cut-off scores of ≥10 in both DS14 

subscales [6]. In the current study, all patients were classified into one of 4 discrete 

personality subgroups: a reference subgroup with low NA and SI scores (both NA≤9 and 

SI≤9), and three potential risk subgroups: SI only (SI≥10 but NA≤9), NA only (NA≥10 but 

SI≤9), and Type D personality profile (both NA≥10 and SI≥10). 

 

Functional status 

Exercise capacity was used as an objective measure of functional status, and was 

evaluated using standardized computer-driven bicycle ergometer with rising workload by 25 

Watts (W) every 3 minutes.21 Patients were exercised to their self-determined maximal 

capacity or until the cardiologist stopped the test because of cardiovascular symptoms such 

as chest pain or dizziness, potentially dangerous arrhythmias or ST-segment deviations, or 

marked systolic hypotension or hypertension. The workload in W at the time of the end of 

the exercise test was considered to reflect exercise capacity. Patients were considered to 

have a decreased exercise capacity if their exercise capacity was ≤50 W. 

 

Patient-centered outcomes 

Different symptoms of fatigue, depressive manifestations, and mental distress were used as 

markers of patients-centered outcomes. Symptoms of fatigue were measured using the 
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MFI-20, a 20-item measure comprised of five subscales of general fatigue, physical fatigue, 

reduced activity, reduced motivation and mental fatigue [16, 22]. General fatigue refers to 

overall sensations of fatigue and decreased functioning; physical fatigue to physical 

sensations associated with fatigue; reduced activity to the possible consequence of fatigue; 

reduced motivation to decreased intent to start any activity; and mental fatigue to 

concentration difficulties. Patients rated these manifestations of fatigue during the past few 

days ranging from 1 (no fatigue) to 5 (very fatigued). Scores on MFI-20 subscales range from 

4 to 20 and higher scores indicate higher levels of fatigue. Patients were considered to have 

significant levels of fatigue if they scored 1 SD above the mean scores on respective MFI-20 

subscales. 

The BDI-II is a reliable 21-item self-rating questionnaire that evaluates for severity of 

depressive symptoms during the previous two weeks [17]. Each item is scored on a 0 – 3 

scale with higher scores corresponding to more severe depressive symptoms. Patients were 

considered depressed if they scored ≥14 on the BDI-II, because it was originally suggested 

that scores ≥14 on the BDI-II suggest mild depression and we have recently reported that 

cut-off score of ≥14 of the BDI-II had optimal psychometric properties for screening for 

major depressive disorder in CAD patients [17, 23]. Furthermore, in line with previous 

research in CAD patients, depressed mood score was calculated by adding scores on the 

BDI-II items 1 (sadness) and 10 (crying) and anhedonia score was calculated by adding 

scores on the BDI-II items 4 (loss of enjoyment) and 12 (loss of interest in others) with 

higher scores indicating more severe depressed mood and anhedonia, respectively [13]. 

Patients were considered to have anhedonia and/ or depressed mood if they scored 1 SD 

above the mean on respective subscales. Suicidal ideation was evaluated using the BDI-II 

item 9 (suicidal thoughts or wishes) and feeling of worthlessness using the BDI-II item 14 

(worthlessness). Patients were considered to have suicide ideation and/ or feeling of 

worthlessness if they scores ≥1 on the respective items. 

The HADS is a 14-item self-rating instrument that consists of subscales of anxiety 

(HADS-A) and depression (HADS-D), which are designed to measure respective symptoms 

[18]. Possible scores in both subscales range from 0 to 21 with higher score indicating more 

severe symptoms. Scores on the HADS-D and HADS-A subscales ≥8 indicate possible clinical 
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depression and possible clinical anxiety, respectively [18]. Lithuanian version of the HADS 

was shown to be a reliable screening instrument in CAD patients [23]. 

 

Statistical analyses  

Differences in gender, clinical characteristics (LVEF, BMI, prevalence of patients with 

NYHA functional class III, previous interventions for CAD, hypertension and smoking), 

functional status (exercise capacity), fatigue (MFI-20 subscales) and mental distress (BDI-II 

and HADS) between the four subgroups of patients (NA only, SI only, Type D, and reference 

group) were analyzed using a one-way analysis of variance (ANOVA) for continuous 

variables and Pearson’s χ2 test for categorical variables. Significant differences (p≤.05) were 

followed by post-hoc analyses using Sheffe test for continuous variables and Pearson’s χ2 

test for categorical variables contrasting (a) patients with NA only versus reference 

subgroup, (b) Type D patients versus reference subgroup, and (c) Type D patients versus NA 

only subgroup. 

We employed multiple logistic regression analyses (enter method) to evaluate the 

independent risk for decreased exercise capacity and decreased motivation for activity 

associated with  NA only, SI only and Type D personality. Age, gender, systolic dysfunction 

(LVEF≤40%), history of MI and angina pectoris, obesity, and current depressive symptoms 

(BDI-II≥14) were included as potential covariates in the regression model. Similarly, multiple 

logistic regression analyses (enter method) were used to evaluate the independent risk for 

decreased activity, mental fatigue, anhedonia, suicide ideation, worthlessness and 

depressive symptoms (HADS-D≥8) associated with NA only, SI only and Type D personality, 

adjusting for age, BMI and LVEF as continuous variables and for gender, history of MI, and 

history of angina pectoris as categorical variables. A probability of .05 or less was used as 

the criterion to include the independent variable in the multivariate models and a 

probability of .1 or more was used as the criterion to remove the independent variable from 

the models. Data are presented as odds ratio (95% Confidence Interval). 

Data were analyzed with the SPSS 17.0 for Windows (Chicago, Illinois). Data are 

presented as mean ± standard deviation for continuous variables and as the number 

(percent) for categorical variables. 
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Results 

Baseline characteristics 

The majority of patients had previous MI (71%), had hypertension (79%) and 

previous percutaneous coronary intervention procedure (77%). Seventy-three percent, 19% 

and 8% of patients were NYHA functional class II, III and I, respectively. None were NYHA 

functional class IV. Ten percent of patients had diabetes, 14% were smoking and 46% were 

obese. Eighteen percent of patients used benzodiazepines and 3% - antidepressants. Twelve 

percent of patients had LVEF of ≤40% and 47% of patients had decreased exercise capacity. 

According to the scores of the DS14, 13% of patients were classified in the NA only 

subgroup, 19% in the SI only subgroup, 34% in the Type D subgroup and 34% in the 

reference subgroup (neither NA nor SI). According to the HADS scores, 33% of patients had 

symptoms of anxiety and 13% had symptoms of depression.  According to the BDI-II scale, 

33% of patients had depressive symptoms, 24% had anhedonia, 6% had suicide ideation and 

30% had feelings of worthlessness. 

 

Type D, clinical characteristics, functional status and patient-centered outcomes 

ANOVA analyses revealed significant omnibus differences between NA only patients, 

SI only patients, Type D patients and reference subgroup patients (Table 1). These 

differences were significant for gender, BMI, exercise capacity, general and physical fatigue, 

decreased activity and motivation for activity, mental fatigue, depression and anxiety (all ps 

<.02). Regarding specific manifestations of depression, there were significant personality-

related differences in anhedonia, depressed mood, suicide ideation and worthlessness (all 

ps < .001).  

In contrast, personality was not associated with LVEF, NYHA functional class III, 

previous interventions, hypertension and smoking. Post-hoc analyses revealed that 

proportion of women was higher among Type D patients and NA only patients when 

compared to the reference group. Type D patients had significantly lower exercise capacity 

when compared to the reference subgroup patients (p<.001); and NA only patients had 

significantly higher BMI when compared to the reference subgroup patients (p=.035). As for 

fatigue, Type D patients (all ps <.001) and NA only patients (ps range from .017 to <.001) 

scored higher on all MFI-20 subscales when compared to the reference subgroup patients. 



Type D, exercise and mental distress 

 

149 

Similarly, Type D patients and NA only patients when compared to the reference subgroup 

patients scored significantly higher on the BDI-II total scale, anhedonia, depressed mood 

and worthlessness items and on the HADS-D and HADS-A (all ps <.001). 

 Only Type D patients scored significantly higher on suicide ideation when compared 

to the reference subgroup (p<.001). Importantly, Type D patients were also significantly less 

motivated for activity (p=.005), and had significantly higher levels of anhedonia (p=.037), 

worthlessness (p=.043) and overall BDI-II and HADS-D depressive symptoms (p<.001) than 

NA only patients. 

 

Multiple logistic regression models 

In multiple logistic regression models containing age, gender, LVEF≤40%, histories of 

MI and angina pectoris, obesity, elevated depressive symptoms, SI only and NA only, Type D 

personality was independently associated with increased risk for decreased exercise 

capacity (OR=1.84, 95%CI (1.12-3.03), p=.02) and decreased motivation (OR=2.48, 

95%CI(1.31-4.70), p=.006; Table 2). Other significant predictors of decreased exercise 

capacity were female gender, LVEF≤40%, history of MI and more advanced age. Female 

gender and depressive symptoms also independently predicted increased risk for decreased 

motivation. It is important to note, that the use of the BDI-II cut-off value of ≥10 in the latter 

models yielded similar results. 
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 Table 2. Risk of decreased exercise capacity and decreased motivation associated with 

Type D personality.  

 Decreased exercise capacity Decreased motivation 

OR* 95% CI p OR* 95% CI p 

Age  1.07 1.05-1.09 <.001 1.01 .99-1.04 .38 

Female gender 5.54 3.43-8.96 <.001 3.72 2.32-5.96 <.001 

LVEF ≤40% 3.14 1.75-5.61 <.001 .97 .51-1.84 .92 

History of MI 2.46 1.60-3.77 <.001 .98 .62-1.63 .98 

Angina pectoris 1.09 .75-1.59 .64 .94 .60-1.48 .80 

BMI ≥30 kg/m2 1.15 .79-1.67 .47 .95 .61-1.47 .81 

Depressive symptoms† 1.49 .95-2.35 .08 2.33 1.39-3.90 .001 

Social inhibition only 1.26 .75-2.12 .38 1.77 .87-3.62 .12 

Negative affectivity  only .95 .51-1.80 .88 1.17 .52-2.61 .71 

Type D personality 1.84 1.12-3.03 .02 2.48 1.31-4.70 .006 

In bold p <.05 

* Odds ratios of multiple logistic regression analyses with all variables entered into the 

model.  

† Score ≥14 on the Beck Depression Inventory - II.   

BMI, body mass index; LVEF, left ventricular ejection fraction. 

 

After adjustment for age, gender, LVEF, cardiac diagnosis and BMI, Type D 

personality remained independently associated with decreased activity (OR=2.71, 

95%CI(1.51-4.87), p<.001), mental fatigue (OR=3.36, 95%CI(1.99-5.68), p<.001), 

anhedonia (OR=6.67, 95%CI(3.89-11.45), p<.001), suicide ideation (OR=6.55, 95%CI(2.21-

19.43), p=.001), worthlessness (OR=7.00, 95%(4.34-11.31), p<.001) and depressive 

symptoms (OR=17.80, 95%(6.92-45.78), p<.001). NA was independently associated with 

increased risk for anhedonia (OR=3.57, 95%CI(1.81-7.04), p<.001), suicide ideation 

(OR=4.98, 95%CI(1.39-17.90), p=.014) and worthlessness (OR=3.91, 95%CI(2.13-7.18), 

p<.001); and SI was independently associated with increased risk for anhedonia 
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(OR=2.52, 95%CI(1.32-4.81), p=.005), worthlessness (OR=1.89, 95%CI (1.05-3.38), p=.03) 

and depressive symptoms (OR=4.04, 95%CI(1.34-12.20), p=.013) (see Table 3). 

 

Table 3. Association of Social Inhibition Only, Negative Affectivity Only, and Type D 

Personality with fatigue and mental distress*. 

 N (%) Social inhibition 

only  (NA-/SI+) 

Negative 

affectivity only 

(NA+/SI-) 

Type D 

personality 

(NA+/SI+) 

MFI-20 Decreased 

activity A  

103 

(15%) 

OR=1.87 (.93-

3.75), p=.08 

OR=1.45 (.65-

3.25), p=.37 

OR=2.71 (1.51-

4.87), p=.001 

MFI-20 Mental 

fatigue A 

135 

(20%) 

OR=1.21 (.60-

2.44), p=.59 

OR=1.90 (.95-

3.79), p=.071 

OR=3.36 (1.99-

5.68), p<.001 

BDI-II Anhedonia A 165 

(24%) 

OR=2.52 (1.32-

4.81), p=.005 

OR=3.57 (1.81-

7.04), p<.001 

OR=6.67 (3.89-

11.45), p<.001 

BDI-II Suicide 

ideation B 

41 

(6%) 

OR=1.78 (.43-

7.28), p=.42 

OR=4.98 (1.39-

17.90), p=.014 

OR=6.55 (2.21-

19.43), p=.001 

BDI-II 

Worthlessness B  

208 

(30%) 

OR=1.89 (1.05-

3.38), p=.03 

OR=3.91 (2.13-

7.18), p<.001 

OR=7.00 (4.34-

11.31), p<.001 

HADS Depression C 91 

(13%) 

OR=4.04 (1.34-

12.20), p=.013 

OR=2.96 (.86-

10.19), p=.09 

OR=17.80, (6.92-

45.78), p<.001 

* Multiple logistic regression analyses with low negative affectivity/low social inhibition 

coded as 0, adjusted for age, gender, left ventricular ejection fraction, cardiac diagnosis 

(myocardial infarction or angina) and body mass index. 
A Score equal to or greater than 1 standard deviation above the mean 
B Score equal to or greater than 1. 
C Score equal to or greater than 8. 

In bold p <.05 

BDI-II, Beck depression inventory-II; MFI-20, Multidimensional fatigue inventory-20; NA, 

negative affectivity; SI, social inhibition. 
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Discussion 

In this cohort of Lithuanian patients with CAD, Type D personality was an 

independent predictor of poor functional status and decreased motivation for activity, 

after adjusting for LVEF, clinical characteristics and depressive symptoms. Type D 

personality, NA and SI were also independent predictors of fatigue and depressive 

symptoms, adjusting for LVEF and clinical characteristics. Regarding mental distress, NA 

appeared to be the most toxic component of Type D personality construct. 

Importantly, Type D personality was associated with 2-fold increased risk for poor 

exercise capacity and for decreased motivation for activity after adjusting for LVEF, age, 

gender, CAD history, BMI, and depressive symptoms. A Hungarian study in 387 patients 

who participated in rehabilitation following coronary artery bypass graft surgery reported 

that Type D patients covered significantly shorter distance on the 6-minutes walking test 

than non-Type D patients, without any substantial differences in heart rate or rating of 

perceived exertion, suggesting that Type D personality was associated with inadequate 

effort during this exercise test [10]. Interestingly, a study in 110 mild traumatic brain 

injury patients reported poor effort on cognitive tests of Type D patients [24]. Our results 

in a significantly larger sample of CAD patients showed that Type D personality is 

associated with decreased motivation to perform and with poor functional status, even 

after adjustment for systolic dysfunction, depression, and other clinical characteristics. 

From a clinical perspective, these results suggest that Type D personality may 

partly account for false positive test results on exercise stress tests as an important 

diagnostic tool in patients with CAD. Future research needs to explore whether it would 

be useful to account for Type D characteristics when interpreting exercise stress tests. 

Moreover, decreased motivation for activity and poor functional status can lead to 

physical inactivity in CAD patients with Type D personality, suggesting a potential 

behavioral pathway linking Type D with poor cardiovascular health [25]. This also 

suggests that assessment of Type D personality at the initiation of a cardiac rehabilitation 

program might be useful to identify a subgroup of patients who is less likely to comply 

with preventive exercise recommendations. 

Decreased motivation (or apathy) is one of the key symptoms of depression, thus 

depressed patients are difficult to motivate in general and difficult to motivate to change 

their lifestyle and behavior [26, 27]. In this context, it is important to note that in our 
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study both depressive symptoms and Type D personality were independently associated 

with decreased motivation. Hence, interventions targeting only depressive symptoms 

might be insufficient for improving motivation of CAD patients and more extensive 

psychological assessment of CAD patients, including the evaluation for Type D 

personality, is needed in order to identify high risk patients and to guide psychological 

interventions.  

As expected, other independent predictors of decreased functional status were 

advanced age, female gender, systolic dysfunction and a history of MI. However, 

depressive symptoms were not associated with functional status. We have reported 

previously that decreased exercise capacity was associated with CAD severity but not 

with depressive or anxiety symptoms in a study of 1470 CAD patients [5]. Another study 

in 1367 patients referred for exercise stress testing found that patients with major 

depressive disorder had poor exercise tolerance and performance after adjusting for age, 

gender, family history of CAD, smoking and use of β-blockers [4]. It is possible that 

relevant predictors of exercise capacity were not included to multivariate models in the 

latter study, or that major depression but not subclinical depressive symptoms can 

impact functional status. Overall, these findings suggest that in patients with CAD, Type D 

personality can exert similar negative effects on functional status as major depression, 

and that this adverse effect of Type D is independent from depressive symptoms or 

systolic dysfunction. In the current study, Type D was not associated with LVEF which 

confirms previous findings in 1205 post-MI patients and suggests that the association 

between Type D and health outcomes is not confounded by decreased LVEF [28]. 

After adjustment for LVEF, age, gender, cardiac diagnosis and BMI, Type D 

personality was independently associated with reduced activity, mental fatigue, 

anhedonia, suicide ideation, and worthlessness. These findings are in line with previous 

studies demonstrating that in CAD patients Type D personality is independently 

associated with poor patient-centered outcomes, including increased fatigue and mental 

distress [7-9]. Importantly, Type D personality and NA were associated with an increased 

risk for suicide ideation in the current study, which confirms the association between 

Type D personality and suicidal ideation observed in the German general population [29]. 

This further underscores the clinical significance of Type D personality for identifying 
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high-risk patients because the suicide rate was reported to be two-fold higher in in-

hospital treated CAD patients when compared to the general population [30]. 

In line with recent recommendations we have evaluated the association of NA, SI 

and their combined effect (i.e. Type D) with different symptoms of fatigue and 

depression [11, 14].  NA and SI were independently associated with anhedonia and 

worthlessness, and NA was independently associated with suicide ideation. However, 

compared to NA-only patients, Type D patients had even higher levels of deactivation, 

anhedonia, worthlessness and total depressive symptoms, thereby supporting the notion 

that the combined effect of NA and SI within the Type D construct has incremental value 

above and beyond the effect of NA alone. Taken together, these findings suggest that 

looking at different NA, SI and Type D subgroups can be a promising avenue for further 

research because it can improve our knowledge regarding mechanisms underlying the 

association of personality-related differences with CAD outcomes, and more precisely 

define targets for possible interventions. 

Some limitation of this study should be acknowledged. First, due to cross-

sectional design, we were unable to address causality of the observed associations or to 

evaluate the relationship of personality variables with clinical outcomes. Second, the 

majority of patients had mild to moderate heart failure and there were no patients with 

advanced heart failure; thus, studies in CAD patients with more advanced heart disease 

are needed. Third, this study did not include a structured psychiatric interview, but 

standard, well validated questionnaires were used to assess for Type D personality, 

fatigue and mental distress. Strengths of this study include the standard assessments of 

CAD severity (echocardiography) and functional status (bicycle stress testing), the 

relatively large sample size, and the cross-cultural confirmation of findings from previous 

reports on the role of Type D personality in Lithuanian CAD patients. 

In sum, our findings showed that Type D personality was associated with poor 

functional status and decreased motivation for activity, after adjustment for systolic 

dysfunction and depressive symptoms. Type D personality and its 2 components, NA and 

SI, were also associated with more symptoms of fatigue, mental distress, and suicidal 

ideation. Further studies exploring the effects of Type D personality characteristics on 

patient-centered outcomes are needed. 
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This thesis presents the results of an ongoing study on the association of mental 

distress with patient centered outcomes and functional status in CAD patients admitted 

to a cardiac rehabilitation program. In this final chapter, the main findings are presented 

and implications for future research and clinical practice are discussed. 

 

1. MENTAL DISTRESS IN CAD PATIENTS 

 

1.1 DEPRESSION  

A number of previous studies have documented high prevalence and negative 

impact of depression on outcomes in patients with established CAD [1, 2]. However, 

depression often remains under-recognized in clinical practice, mainly because 

healthcare providers are more concerned with traditional vascular risk factors and rarely 

use diagnostic instruments to detect depression, such as self-rating depression scales [3]. 

Systematic screening for depression in CAD patients was recently recommended by the 

American Heart Association, but there remains a paucity of evidence that such screening 

improves outcomes of CAD patients [4-6]. Furthermore, due to high false-positive rates 

of depression self-rating scales systematic screening for depression can overstretch 

healthcare resources and increase risk for unnecessary treatments [4-6]. The majority of 

depression self-rating scales include items targeting fatigue that is a common symptom 

to both CAD and depression. Hence, intuitively, one might argue that fatigue related 

items in depression self-rating scales can be responsible for possible overestimation of 

depressive symptom severity in CAD patients. Finally, although observer-rating scales, 

such as the MADRS, are widely used for evaluation of depressive symptom severity and 

efficacy of anti-depressive treatment, there are no studies evaluating factor structure 

and construct validity of the MADRS in CAD patients. 

Thus, in chapters 2 and 3 of the thesis, we investigated psychometric properties 

of depression self-rating scales (the HADS and BDI-II) for screening for current MDE and 

for evaluating depressive symptom severity in CAD patients. In the subsequent chapter, 

factor structure, internal consistency and psychometric properties of the MADRS for 

identifying depressed CAD patients were investigated.    



General discussion 

 

165 

Firstly, in chapter 2, psychometric properties of the HADS and BDI-II were 

evaluated for screening for current MDE, diagnosed using the MINI International 

Neuropsychiatric Interview according to the DSM-IV-TR criteria. At optimal cut-off values 

the HADS depression scale (HADS-D; optimal cut-off score of ≥5) and BDI-II (optimal cut-

off score of ≥14) had acceptable sensitivities and specificities for screening for current 

MDE. However, PPVs of both scales were unacceptably low (≤32%), indicating that the 

majority of CAD patients with positive screening results on the HADS and BDI-II did not 

meet the DSM-IV-TR criteria for MDE. These findings suggest that routine use of the 

HADS-D and BDI-II for systematic screening for MDE in CAD patients can overburden 

available health-care resources and put patients at increased risk for unnecessary anti-

depressive treatments. Therefore, patients with positive screening results on the HADS 

and BDI-II should be always referred for detailed psychiatric evaluation before 

implementing anti-depressive treatment interventions. Our results of acceptable 

sensitivities, acceptable specificities and sub-optimal PPVs of the HADS and BDI-II 

correspond to the findings from the recent systematic review of depression self-rating 

scales for screening for depressive disorders in CAD patients by Thombs and colleagues 

(2008) [6]. In the present study, the BDI-II was superior to the HADS-D for MDE screening 

purposes because it had higher area under the ROC curve (.90 and .79, respectively) and 

higher sensitivity (89% and 77%, respectively). High specificities (≥69%) and high negative 

predictive values (≥96%) of the HADS-D and BDI-II suggest that depression can be reliably 

ruled-out in patients with low HADS and BDI-II scores, so that no further testing of 

patients with negative screening results is necessary. Finally, high internal consistencies 

(≥.75) of the HADS and BDI-II correspond to the existing literature [6, 7].  

Subsequently, in chapter 3, it was evaluated whether specific fatigue related 

items in the HADS-D and BDI-II bias an association between depressive symptom severity 

and fatigue. Also, a possible role of heart failure severity on the association between 

depressive symptoms and fatigue was evaluated. The HADS-D contains one item 

targeting fatigue (“slowed down”) and the BDI-II contains two items targeting fatigue 

(“loss of energy” and “tiredness or fatigue”). Lower number of fatigue targeting items in 

the HADS-D when compared to the BDI-II can be explained by the fact that the HADS was 

originally designed for evaluation of depressive and anxiety symptoms in somatic 
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patients; therefore, the majority of somatic symptoms that could possibly bias the 

evaluation of depressive symptom severity in symptomatic somatic patients were 

excluded [7]. The BDI-II, on the other hand, was developed for use in psychiatric patients 

and therefore questions targeting somatic symptoms of depression were retained [8]. 

The main findings of this chapter were that the association between self-reported fatigue 

and depressive symptom severity was similar for the HADS-D and BDI-II, suggesting that 

the HADS-D and BDI-II similarly reflect fatigue in CAD patients. Furthermore, exclusion of 

items targeting fatigue from the HADS-D and BDI-II resulted in a minimal and non-

significant decrease of the correlation coefficients of HADS-D and BDI-II scores with 

fatigue scores. These data indicate that the association between depressive symptoms 

and fatigue is due to cumulative severity of depressive symptoms, rather than specific 

items targeting fatigue in the HADS and BDI-II. Additionally, the association between 

depressive symptom severity and fatigue decreased with increasing severity of heart 

failure (higher NYHA class), suggesting that fatigue is differently related to depressive 

symptom severity across different stages of heart failure. Specifically, in patients with 

mild heart failure, depression might be a stronger determinant of fatigue; whereas, as 

heart failure progresses, cardiac disease severity might be a more important predictor of 

fatigue severity. Finally, the relationship between depressive symptom severity and 

physical fatigue was moderate and stable across all NYHA classes suggesting that physical 

fatigue is perceived differently from mental fatigue in CAD patients. The latter findings 

also suggest that questions related to physical aspects of fatigue might be valuable for 

differentiation of CAD patients who suffer from fatigue due to psychological causes 

versus cardiac causes. These data are also important in the context of the differential 

association of somatic depressive symptoms versus cognitive depressive symptoms with 

clinical outcomes of cardiac patients [9, 10]. Specifically, our results suggest that the 

HADS and BDI-II scales reflect fatigue, which is one the core somatic depressive 

symptoms, even when specific fatigue targeted items are excluded from these scales. 

Hence, it should be remembered that significant association between depressive 

symptoms and fatigue exists above and beyond specific fatigue-targeting items in 

commonly used depression self-rating scales.   

In chapter 4, the factor structure of the MADRS was evaluated for the first time in 

CAD patients. Construct validity and psychometric properties of the MADRS for 
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identifying depressed CAD patients were also investigated. Firstly, the MADRS had a 1-

factor structure on exploratory factor analysis, which was confirmed by confirmatory 

factor analysis. The majority of previous factor-analytical studies reported two-factor 

structure or three-factor structure of the MADRS in medical patients and in psychiatric 

patients [11, 12]. It should be noted that only exploratory factor analyses of the MADRS 

were performed in these previous studies and we were the first to explore factor 

structure of the MADRS by the means of confirmatory factor analysis. Secondly, the 

MADRS had high internal consistency (Cronbach’s coefficient α=.82) corresponding to 

results from previous studies in somatic patients and in psychiatric patients [13, 14]. 

Thirdly, the optimal cut-off value of the MADRS for identifying CAD patients with current 

MDE was ≥10. Importantly, the same cut-off value of the MADRS was proposed for 

defining remission of MDE in psychiatric patients [15]. At optimal cut-off value, the 

MADRS had good sensitivity (88%) and specificity (85%) but moderate PPV (42%) for 

identifying CAD patients with current MDE. However, it should be noted that PPV of the 

MADRS was superior to that of the HADS and BDI-II for identifying depressed CAD 

patients (see chapter 2). Nonetheless, screening for MDE using the MADRS in routine 

clinical practice would be unreasonable because the MADRS is an observer-rating scale; 

therefore, its use requires special training and greater resources when compared to 

administration of self-rating depression scales. Finally, the MADRS had adequate 

construct validity, because patients with current MDE when compared to patients 

without current MDE had greater MADRS scores and there was a strong and positive 

correlation of MADRS scores with HADS and BDI-II scores. Hence, the MADRS is an 

adequate instrument for evaluating depressive symptom severity in CAD patients.  

 In sum, findings from the first three research chapters of the thesis suggest that 

the HADS and BDI-II have adequate psychometric properties for MDE screening purposes 

in CAD patients undergoing rehabilitation. However, high false-positive rates of the HADS 

and BDI-II should be appreciated. Secondly, fatigue targeting items in the HADS-D and 

BDI-II do not bias an association between depressive symptom severity and fatigue 

severity; thus, fatigue targeting items should be retained in the HADS-D and BDI-II. Also, 

the association between fatigue and depressive symptom severity decreased with 

increasing heart failure stage suggesting that depressive symptoms are important 
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determinant of fatigue at initial stages of heart failure and other factors have greater 

impact on fatigue symptoms as heart failure progress. Finally, the MADRS had a one 

factor structure, good construct validity and acceptable psychometric properties for 

identifying depressed CAD patients suggesting that it is a valuable scale for evaluation of 

depressive symptoms in CAD patients.  

 

1.2. TYPE D PERSONALITY 

 

Type D personality is prevalent in CAD patients and independently predicts poor 

patient centered outcomes and clinical outcomes [16, 17]. The DS14 scale was shown to 

be a reliable instrument across different cultures and in different populations of CAD 

patients [17, 18]. However, the Lithuanian version of the DS14 scale has not been 

validated, and the prevalence of Type D personality and the association of Type D 

personality with mental distress remain to be evaluated in Lithuanian CAD patients. 

 Therefore, in chapter 5, the Lithuanian version of the DS14 scale was validated. 

Also, the prevalence of Type D personality and the association of Type D personality with 

mental distress were investigated. First of all, the exploratory factor analysis revealed the 

theoretically predicted two-factor structure of the DS14 scale, suggesting that the 

Lithuanian version of the DS14 scale can be used for the evaluation of NA, SI and their 

interaction (i.e., Type D personality). These findings correspond to a number of previous 

studies from Europe and from Asia [17, 18]. Secondly, more than one third of CAD 

patients were diagnosed with Type D personality corresponding to median Type D 

prevalence rates in cardiac patients reported by other authors [17, 18]. Thirdly, higher 

levels of NA and SI were associated with lower levels of extroversion, agreeableness, 

conscientiousness, emotional stability and openness, suggesting good validity of the Type 

D personality construct against the Big-Five personality construct. Finally, Type D 

personality was independently associated with a 9-fold increased risk for elevated 

depressive symptoms and with a 5-fold increased risk for elevated anxiety symptoms. 

These findings correspond to previous studies showing that Type D personality is 

independent predictor of mental distress and psychiatric disorders in CAD patients [16, 

17].   
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 In sum, Type D personality construct was well validated in Lithuanian CAD 

patients; the Lithuanian version of the DS14 scale was a reliable instrument for 

identifying Type D patients; and Type D personality was prevalent and independently 

associated with increased risk for mental distress.  

 

2. PATIENT CENTERED OUTCOMES 

  

Patients centered outcomes are increasingly used as important secondary 

endpoint measures in cardiology [19]. Fatigue is common and distressing symptom of 

CAD patients, which is also one of the somatic symptoms of depression, therefore 

predictors and underlying mechanism of fatigue warrant further research in CAD patients 

[20-25]. Functional status (or exercise capacity) is another important marker of CAD 

severity and prognosis [26, 27], but the association of functional status with subjective 

fatigue and mental distress warrants additional research [28-33]. 

To date, the majority of studies evaluated the impact of total depressive symptom 

severity and Type D personality on dichotomous scale (present versus absent) on CAD 

outcomes. However, more recent studies found that different clusters of depressive 

symptoms (e.g., anhedonia) and distinct components of Type D personality construct (NA 

and SI) can have important prognostic value in CAD patients [34, 35]. Therefore, it was 

recently recommended that dismantling of depressive symptoms in order to identify the 

most cardio-toxic symptom clusters and evaluation of independent effects of NA and SI 

on CAD outcomes should be attempted [36, 37].  

Therefore, in the last part of the thesis we evaluated the association between 

mental distress, fatigue and functional status in CAD patients. A possible role of thyroid 

hormones and cortisol concentrations in fatigue and exercise capacity of CAD patients 

was explored. The association of NA alone, SI alone and their interaction (i.e., Type D 

personality) with different clusters of depressive symptoms and functional status was 

also analyzed.  

In chapter 6, the association of mental distress, exercise capacity and fatigue was 

evaluated in a large sample of CAD patients. The main findings of this chapter were that 

symptoms of depression and symptoms of anxiety, but not CAD symptoms nor CAD 
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severity indexes, were the strongest independent predictors of fatigue. These data 

suggest that subjective fatigue in CAD patients depends on mental distress rather than 

CAD severity. Weak association between objective CAD severity markers and fatigue 

were previously reported in post-MI patients [38]. These findings suggest that effective 

management of mental distress in CAD patients can decrease fatigue consequentially 

leading to decreased symptom burden and improved health related quality of life. On the 

other hand, NYHA class, female gender, advanced age and previous interventional 

treatments for CAD were the strongest independent determinants of decreased exercise 

capacity. Depressive and anxiety symptoms were not associated with exercise capacity. 

One previous study reported that depressive disorders were independently associated 

with decreased exercise capacity in patients referred for exercise stress test [31]. These 

different findings when compared to our results can be partially explained by different 

populations of CAD patients, by different measures used for evaluation of depression and 

exercise capacity, and by different covariates included to the statistical models [31]. Also, 

clinical diagnosis of depression versus elevated depressive symptoms can have different 

effects on functional status of CAD patients the former being associated with decreased 

functional status. Finally, in our study fatigue was not associated with functional status 

suggesting that symptoms of fatigue are associated with emotional state rather than 

functional capacity of CAD patients. Previous studies in small to moderate samples of 

CAD patients reported a weak to moderate association between self-reported fatigue 

and objectively measured indices of exercise capacity [28, 38].  

Consequentially, in chapter 7, we explored a possible association of fatigue and 

exercise capacity with concentrations of thyroid hormones and cortisol as potential 

biological mechanisms that could explain these associations. The main findings were that 

decreased thyroid hormone concentrations were independently associated with 

increased physical fatigue and increased exertion fatigue; and decreased morning cortisol 

concentrations with increased mental fatigue. Exercise capacity, on the other hand, 

showed no association with thyroid hormone or cortisol concentrations. The mechanisms 

by which thyroid hormones decrease fatigue are not fully understood, but it was 

previously shown that decreased function of thyroid axis is related to higher levels of 

fatigue and thyrothropin releasing hormone has a propensity to decrease feelings of 

fatigue [42-44]. However, the association between thyroid hormones and fatigue is 
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complex, because thyroid hormones exert a number of actions in cardiovascular and 

central nervous systems, and genetic polymorphisms of proteins involved in the 

metabolism and transportation of thyroid hormones were shown to have differential 

effects on mood and cognition [45, 46]. More recent studies in post-MI patients reported 

that thyroid hormones have a propensity to reverse post ischemic remodeling of the 

myocardium and improve shape and geometry of heart chambers consequentially 

leading to improved function of the heart [47]. The association of higher cortisol 

concentrations with lower levels of fatigue corresponds to previous studies showing 

blunted HPA-axis function and flattened diurnal cortisol secretion in patients with chronic 

fatigue syndrome [48]. The exact mechanisms linking lower cortisol concentration with 

greater levels of fatigue are not fully understood. However, it was suggested that altered 

HPA-axis function can possibly contribute to the development and progression of fatigue 

via dysregulation of other endocrine systems and inflammatory response [48]. It is also 

possible that decreased cortisol concentrations are consequence, rather than the cause 

of fatigue [49]. Finally, we did not find an independent association of thyroid hormone 

and cortisol concentrations with exercise capacity. These findings are in contrast with 

recent study showing independent association between low T3 syndrome and decreased 

functional capacity in patients with severe heart failure [50]. However, it is possible that 

severe heart failure can cause significant changes in the HPT-axis, possibly via down-

regulation of peripheral conversion of T4 to T3, which might contribute to increased 

feelings of fatigue in patients with severe heart failure.  

Finally, in chapter 8, the associations between SI alone, NA alone, and their 

combination (i.e., Type D) with functional status, fatigue and different clusters of 

depressive symptoms were examined. Firstly, Type D personality was associated with an 

almost 2-fold increased risk for decreased exercise capacity and with a 3-fold increased 

risk of a poor motivation for physical exercise, after adjusting for age, gender, CAD 

severity, CAD histories and depressive symptoms. Hence, decreased effort may represent 

as potential psychological mechanism that could explain the association between Type D 

and poor patient-centered outcomes. Decreased functional status due to decreased 

effort was previously reported in Type D patients [33]. Our findings confirm the notion 

that Type D personality can cause decreased functional status possibly due to decreased 
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motivation to perform. Importantly, decreased motivation and decreased functional 

status in CAD patients with Type D personality can lead to restricted regular physical 

exercise suggesting another possible behavioral mechanism linking Type D personality to 

poor outcomes. Secondly, it was found that both NA alone and SI alone were 

independent predictors of different clusters of depressive symptoms, such as anhedonia 

and worthlessness, suggesting independent effects of SI and NA on mental health status. 

Finally, NA alone was associated with worse mental health status than SI alone. However, 

the combination of elevated levels of both NA and SI (i.e., Type D personality) was the 

strongest predictor of poor mental health status and fatigue underscoring the clinical 

significance of Type D personality construct. Previous studies in CAD patients have found 

that NA alone and SI alone predicted different outcomes and behavioral patterns of CAD 

patients. For example, NA alone was associated with poor adherence to treatment 

regiments and increased BMI; whereas SI alone was associated with poor interaction 

with health-care provider [35, 40, 41]. Independent effects of separate Type D dimension 

on CAD outcomes might have important clinical implications in CAD patients and suggest 

a promising avenue for further research. 

In sum, results from this part of the thesis suggested that mental distress and 

Type D personality were independently associated with higher levels of fatigue in CAD 

patients. Type D personality independently predicted poor functional status and greater 

depressive symptoms, and decreased effort represents a psychological mechanism that 

may partly explain this adverse Type D effect. The combination of both NA and SI (i.e., 

Type D personality) was associated with the greatest negative impact on poor mental 

health status. Furthermore, decreased concentrations of thyroid hormones and cortisol 

are biological mechanisms that were independently associated with subjective fatigue in 

CAD patients. However, functional status was not associated with concentrations of 

thyroid hormones and cortisol.  

 

3. IMPLICATIONS FOR CLINICAL PRACTICE 

 

It is well acknowledged that depression and Type D personality are important 

predictors of CAD outcomes above and beyond traditional vascular risk factors [16, 51]. 

Therefore, mental distress should be promptly diagnosed in CAD patients using reliable 
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instruments and evidence-based recommendations for screening for depressive 

disorders in CAD patients were established [4]. However, it was argued that safety and 

clinical value of routine screening of depressive disorders need to be evaluated before 

implementing them into routine clinical practice [5, 6]. Thus, in the first part of the thesis 

depression self-rating scales and observer-rating scale were evaluated in CAD patients for 

screening of depressive disorders and for evaluating severity of depressive symptoms. 

The HADS and BDI-II had adequate sensitivity and specificity at cut-off values of ≥5 and 

≥14, respectively, for screening for current MDE.  

However, it should be recalled that the HADS and BDI-II had high false-positive 

rates suggesting that a majority of CAD patients with positive screening results did not 

meet the DSM-IV-TR criteria for MDE. Thus, implementation of anti-depressant 

treatment based on screening results only would cause an overuse of anti-depressant 

treatments consequentially leading to increased risk for side effect and increased 

healthcare costs. Therefore, patients with positive screening results on the HADS and 

BDI-II should always undergo detailed psychiatric evaluation by mental health specialist 

before implementing anti-depressant treatments. Other self-rating scales should be 

considered for depression screening in CAD patients. On the other hand, high NPVs of the 

HADS and BDI-II suggest that MDE can be reliably ruled-out in patients with negative 

screening results, so that no further testing of patients with negative screening results is 

necessary.  

Results from the 3rd chapter of the thesis indicate that items targeting fatigue 

should be retained in the HADS and BDI-II when evaluating depressive symptom severity 

in CAD patients. Also, high levels of fatigue in CAD patients with mild to moderate heart 

failure should be highly suggestive of underlying symptoms of mental distress, which 

should be further investigated. On the other hand, increased fatigue in patients with 

advanced CAD is more likely due to CAD severity.  

The MADRS can be reliably used in CAD patients for evaluation of depressive 

symptom severity. Patients with scores of ≥10 on the MADRS interview should undergo 

detailed psychiatric evaluation for possible MDE. It should be noted that the MADRS is an 

observer-rating scale therefore it should not be used for depression screening purposes. 
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 The Lithuanian version of the DS14 scale was found to be valid and reliable 

instrument, which can be used for evaluation for Type D personality in CAD patients. 

Type D personality was prevalent in Lithuanian CAD patients and was associated with 

poor mental health; therefore, screening for Type D personality should be considered in 

the clinical practice of cardiology and Type D patients should be considered a high-risk 

subgroup for poor mental health.  

Results from chapters 6 and 8 revealed that depressive symptoms and Type D 

personality independently predicted poor patient centered outcomes; therefore, 

depressive symptoms and Type D personality should not be ignored in CAD patients. 

Importantly, Type D personality was independently associated with poor performance on 

the exercise stress testing, which is a major diagnostic modality in cardiology. Hence, 

ideally, knowledge of one’s Type D status should be taken into account when analyzing 

exercise stress test results. Also, special attention should be paid to Type D patients in 

terms of adherence to regular physical exercise, which is an important secondary 

preventive measure of CAD. Depressive symptoms, on the other hand, were not 

associated with exercise capacity suggesting that depressive symptoms may not 

confound exercise capacity testing results. Finally, subjective fatigue was not associated 

with exercise capacity, implying that asking CAD patients about fatigue experienced in 

daily life might not represent a reliable index of their actual functional capacity; rather it 

may reflect CAD patients’ negative emotional status.  

Results from chapter 7 suggest that evaluation of thyroid hormone concentrations 

and assessment of HPA-axis function should be considered when evaluating fatigued CAD 

patients. Clinical trials evaluating safety and efficacy of thyroid hormone replacement 

therapy for treatment of low-T3 syndrome in CAD patients are underway [52].   

 

4. RECOMMENDATIONS FOR FURTHER RESEARCH 

 

With regards to depression screening, studies evaluating safety and clinical 

benefits of systematic depression screening in CAD patients are warranted. Clinical 

benefits of systematic depression screening should be demonstrated before 

implementing it into routine clinical practice [53]. Also, additional studies evaluating 

psychometric properties of other depression self-rating scales in CAD patients are 
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needed in order to optimize depression screening algorithms. Further studies should 

explore psychometric properties of depression screening scales in patients with more 

advanced heart failure because those patients are expected to have more somatic 

symptoms which could interfere with evaluation of depressive symptom severity. 

Furthermore, more clinical trials evaluating safety and efficacy of psychological and 

pharmacological antidepressant treatments in CAD patient are needed [54].  

Other types of mental distress such as anxiety disorders are also highly prevalent 

in CAD patients and independently predict poor prognosis; thus, studies evaluating 

anxiety screening scales in CAD patients should be attempted [55].   

Findings of the thesis confirm the previous suggestion that dismantling of 

depressive symptoms is a promising avenue for future research [36]. Also, more studies 

evaluating the independent effect NA and SI on outcomes of CAD patients are needed. 

Identification of the most cardiotoxic clusters of mental distress symptoms and 

personality traits could help to more precise define targets for possible interventions.  

Due to a relatively small sample size our results regarding the association of 

fatigue with decreased concentration of thyroid hormones and cortisol should be 

considered preliminary and remain to be replicated in an independent sample of CAD 

patients. Given the cross-sectional design of the study, we were unable to determine 

whether abnormalities of endocrine function were caused by CAD and subsequent heart 

failure or whether they actually preceded the development of fatigue. Longitudinal 

studies should answer these questions. In addition, the association of genetic 

polymorphisms of proteins involved in the metabolism and transportation of thyroid 

hormones and cortisol with CAD outcomes remain to be evaluated. Identification of high 

risk subgroups of CAD patients based on genetic polymorphisms would be an important 

step towards implementation of personalized medicine into clinical practice. 

Identification of biological markers of CAD outcomes could improve risk stratification of 

CAD patients and lead to the development of more effective treatment strategies. 

Finally, our results confirm that studies evaluating safety and efficacy of thyroid hormone 

therapy in CAD patients are warranted.  
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5. LIMITATIONS AND STRENGHTS OF THE THESIS 

 

 Limitations of this thesis should be acknowledged. Firstly, our results cannot be 

directly generalized to patients with acute coronary syndromes, such as MI or unstable 

angina, because the current sample consisted of stable CAD patients undergoing cardiac 

rehabilitation within a week after discharge from cardiac inpatient departments. 

However, the majority of CAD patients survives an acute coronary syndrome, and will 

enter cardiac rehabilitation programs. Therefore, cardiac rehabilitation provides health-

care specialists with an ideal window of opportunity for diagnosing and initiation of 

management of mental distress in CAD patients.  

Secondly, the thesis might be subject to selection bias, thus possibly limiting 

generalizability of the results, because (1) only CAD patients admitted to cardiac 

rehabilitation program at one institution were included to the study; (2) it was shown 

that depressed CAD patients are less likely to participate in the rehabilitation programs 

when compared to not-depressed CAD patients [56]; and (3) the majority of our patients 

had mild to moderate heart failure. These factors can also increase the risk for the 

restriction of range, which can consequentially lead to decreased variance, and 

potentially biased findings. However, it should be noted that in Lithuania, all patients are 

referred to cardiac rehabilitation after inpatient treatment for acute coronary syndrome, 

and are free to choose any rehabilitation hospital. These obstacles of the present thesis 

can be overcome in further research by performing multi-centered studies, by including 

patients to the study immediately after acute coronary syndromes during in-patient 

treatment and by including more CAD patients with advanced heart failure.  

Thirdly, due to cross-sectional design of the study, causality of the observed 

associations was not evaluated. For example, we were unable to determine if mental 

distress caused poor patient-centered health status, or vice versa. In addition, the study 

design prevented us from investigating the temporal relationship between mental 

distress and CAD progression. Hence, we were unable to investigate the impact of mental 

distress and of observed neuroendocrine changes on long-term clinical and on patient-

centered outcomes. Finally, clinical efficacy of depression screening with regards to 

clinical and patient-centered outcomes was not evaluated. Thus, longitudinal design 

should be chosen whenever possible.  
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Finally, the majority of psychological variables were evaluated by the means of 

self-rating scales and the absence of structured clinical interviews applies to some 

chapters of the thesis. Answers on self-reported scales can be biased by a variety of 

factors, including poor memory, poor comprehension and social norms among others 

[57]. However, structural validity and reliability of self-reported scales used in the thesis 

was previously evaluated in extensive research and initial chapters of the thesis 

evaluated the validity of scales that were used in subsequent chapters of the thesis.  

On the other hand, the thesis has a number of strengths. First of all, the study 

sample was homogenous with respect to: (1) time after acute coronary syndromes, (2) 

psychological evaluations performed, (3) interventions received during the rehabilitation 

program and (4) environmental factors because in Lithuania all CAD patients are referred 

for cardiac rehabilitation within a week after discharge from inpatient unit. Hence, all 

patients in our study underwent cardiac rehabilitation at the same institution and were 

examined in accordance with the same study protocol. The large sample size also 

strengthens the findings of the thesis. Furthermore, reliable diagnostic interventions 

were used in the study: self-rating scales used for evaluation of mental distress and 

patient-centered outcomes are widely-available and well-validated; standard bicycle 

ergometer testing procedure was used for evaluation of exercise capacity; standard 

echocardiography was performed by cardiologists for evaluation of left ventricular 

ejection fraction; and clinical diagnosis of depressive disorders was evaluated by a 

trained interviewer using structured psychiatric interview according to the DSM-IV-TR 

criteria. In addition, to our knowledge, the factor structure of the MADRS was evaluated 

by the means of confirmatory factor analysis for the first time in the literature. Finally, it 

was one the few studies evaluating significance of separate Type D personality traits of 

NA and SI on functional status and patient centered outcomes. 

  

6. CONCLUSIONS 

 

Mental distress and Type D personality are highly prevalent and related to poor 

prognosis of CAD patients. Systematic screening for depressive disorder and Type D 

personality should be considered in all CAD patients because it takes just a few minutes 
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by using self-rating scales. In this context, the HADS and BDI-II are useful instruments for 

depression screening purposes in CAD patients; however, high false positive rates of the 

HADS and BDI-II should be appreciated and consultation by mental health specialist 

should precede initiation of anti-depressive treatment. Fatigue targeting items should be 

retained in the HADS and BDI-II when using them in CAD patients. Depressed CAD 

patients can be investigated by using the MADRS, which was found to be a valuable 

instrument for assessment of depressive symptom severity and can be also used to 

identify depressed CAD patients. Type D personality is highly prevalent in Lithuanian CAD 

patients and is an independent predictor for mental distress; Type D patients can reliably 

identified by using the DS14 scale.  

Depressive symptoms and Type D personality are independent predictors of 

increased fatigue, which is an important patient centered outcome of CAD patients. Thus, 

Type D personality and depressive symptom severity should be taken into account when 

asking CAD patients about their daily symptoms of fatigue, and interventions targeting 

mental distress should improve patient centered outcomes. It should be remembered 

that questions targeting fatigue better reflect psychological status rather than actual 

functional capacity of CAD patients. Type D personality, but neither depressive symptoms 

nor anxiety symptoms, is an independent predictor of decreased functional status. 

Decreased effort may be an important psychological mechanism to explain the adverse 

effect of Type D on health outcomes. Therefore, Type D personality status should be 

taken into account when evaluating exercise stress testing results of CAD patients. 

Independent association of NA alone and SI alone with fatigue and distinct clusters of 

mental distress suggests an important avenue for future research. However, the 

combination of NA and SI (i.e., Type D) had the most detrimental effect on mental 

distress underscoring the importance of Type D personality construct on adverse patient 

centered outcomes. Finally, evaluation of thyroid hormones and cortisol concentrations 

should be considered as biological markers in fatigued CAD patients.  
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 CAD is the leading cause of death and a major cause of disability worldwide. 

Moreover, treatment and prevention of CAD is associated with significant economic 

burden. Mental distress, such as depression, and personality related differences, such as 

Type D personality, were shown to be associated with development, progression and 

poor outcomes of CAD above and beyond traditional vascular risk factors. Therefore, 

identification of mental distress using reliable instruments is essential in the clinical 

practice of cardiology. Patient centered perspective of health status is becoming 

increasingly important endpoint measure in cardiology and the value of functional status 

is well established predictor of CAD outcomes. However, more studies evaluating 

determinants of patient centered outcomes are needed. Thus, the aim of this thesis was 

in stable CAD patients undergoing rehabilitation to evaluate identification of depression 

and Type D personality using self-rating and observer-rating scales and to assess the 

association of mental distress, personality related differences and neuroendocrine 

measures with patient centered outcomes and with functional status. 

 Currently used depression self-rating scales suffer from high false-positive rates. 

Hence, further studies evaluating psychometric properties of depression self-rating scales 

are needed. In chapter 2, psychometric properties of the HADS and BDI-II for screening 

for current MDE were evaluated. Importantly, the HADS and BDI-II had good sensitivities 

and specificities for identifying depressed CAD patients; however, positive predictive 

values were low suggesting that majority of CAD patients screened positive for 

depressive disorders did not meet the DSM-IV-TR criteria for depressive disorder on MINI 

interview. Thus, although the HADS and BDI-II have acceptable screening properties for 

MDE in CAD patients but high false positive screening rates of these scales should be 

appreciated and consultation by mental health specialist should precede implementation 

of anti-depressive treatment.  

 The HADS and BDI-II include questions targeting fatigue that could potentially bias 

the evaluation of depressive symptom severity in CAD patients. Thus, in chapter 3, the 

impact of items targeting fatigue in the HADS and BDI-II for the evaluation of the 

association between depressive symptoms and fatigue was investigated. Results showed 

that items targeting fatigue did not bias the association between depressive symptoms 
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and fatigue in CAD patients; therefore, the HADS and BDI-II can be used in CAD patients 

for evaluation of depressive symptom severity.  

 The MADRS is a well-known observer-rating scale, which is widely used for 

evaluation depressive symptom severity and efficacy of anti-depressive treatment. 

However, factor structure and psychometric properties of the MADRS were not 

evaluated in CAD patients. In chapter 4, we found that the MADRS had one factor 

structure in exploratory factor analysis, which was confirmed by confirmatory factor 

analysis. Also, the MADRS had good construct validity and had acceptable psychometric 

properties for identifying CAD patients with current MDE. These results suggest that the 

MADRS is a valuable instrument in CAD patients.  

 Type D personality is highly prevalent in CAD patients, and is associated with poor 

clinical and mental health outcomes. The DS14 scale was established for evaluation of 

Type D personality. In chapter 5, validity of the DS14 scale was examined in Lithuanian 

CAD patients. In addition, the association of Type D personality with mental distress was 

evaluated. The DS14 scale was found to be valid and reliable instrument in Lithuanian 

CAD patients. Type D personality affected more than one third of CAD patients and was 

an independent predictor for mental distress. 

 Association between fatigue and depression is complex, because fatigue is a 

common symptom to both CAD and depression; and the association of exercise capacity 

with fatigue and mental distress needs to be evaluated. The major findings from chapter 

6 revealed that fatigue was independently associated with mental distress, but not with 

objective CAD severity markers. Functional status was associated with CAD severity 

indexes, but not with mental distress. Also, subjective fatigue was not associated with 

exercise capacity. Therefore, treatment of mental distress can significantly improve 

symptoms of fatigue in CAD patients. Questions about subjective fatigue of CAD patients 

are more likely to reflect psychological state, but not objective CAD severity. 

 Thyroid hormones and cortisol were implicated in the development and 

progression of fatigue. Thus, in chapter 7, the association of fatigue and exercise capacity 

with concentrations of thyroid hormones and cortisol was evaluated. Both, decreased 

concentration of thyroid hormones and decreased concentration of cortisol were 

independently associated with higher levels of fatigue. Functional status was not 
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associated with thyroid hormone and cortisol concentrations. These data suggest that 

evaluation of thyroid hormones and cortisol concentrations should be considered in CAD 

patients suffering from elevated symptoms of fatigue. 

There remains scant data regarding the association between exercise capacity 

and Type D personality in CAD patients. Furthermore, it was recently recommended to 

evaluate independent prognostic value of Type D personality dimensions of NA and SI 

separately, and to dismantle depressive symptoms in order to identify the most 

cardiotoxic symptom clusters. Findings from chapter 8 revealed that Type D personality 

was independently associated with decreased exercise capacity and decreased 

motivation for activity. Also, NA and SI were independently associated with fatigue and 

individual clusters of depressive symptoms; however, Type D personality was the 

strongest independent predictor of mental distress. Further studies exploring association 

between separate Type D personality dimensions and CAD outcomes are needed.   

  We concluded that depression screening algorithms should be improved before 

implementing systematic depression screening into routine clinical practice; and high 

false positive rates of the HADS and BDI-II for MDE screening should be appreciated. The 

HADS, BDI-II and MADRS can be reliably used for evaluation of depressive symptom 

severity in CAD patients. Mental distress and Type D personality are independent 

predictors of fatigue; and Type D personality is associated with decreased functional 

status. Type D personality is stronger predictor of fatigue and different aspects of 

depressive symptoms than separate dimensions of Type D personality construct. 

Therefore, screening and management of metal distress are important in CAD patients, in 

addition to traditional vascular risk factors. Low concentrations of thyroid hormones and 

cortisol can be important predictors of fatigue; hence, evaluation of these 

neuroendocrine factors also needs to be considered in fatigued CAD patients.   
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Išeminė širdies liga (IŠL) yra dažniausia mirties ir viena pagrindinių neįgalumo 

priežasčių pasaulyje. Šios ligos prevencijai ir efektyviam gydymui yra ypatingai svarbu 

laiku identifikuoti rizikos faktorius ir juos tinkamai modifikuoti. Ankstesni moksliniai 

tyrimai parodė, jog emocinis distresas (pvz. depresija) ir asmenybės bruožai (pvz. D tipo 

asmenybė) yra susiję su padidėjusia IŠL išsivystymo rizika, prisideda prie greitesnio IŠL 

progresavimo ir didina blogų išeičių tikimybę. Todėl šalia tradicinių rizikos faktorių 

įvertinimo, emocinio distreso ir tam tikrų asmenybės bruožų nustatymas, naudojant 

patikimas skales, yra svarbus klinikinėje praktikoje. Pastaraisiais metais į pacientą 

orientuota sveikatos būklė (pvz., subjektyvaus nuovargio simptomai) tampa vis 

svarbesniu IŠL išeičių vertinimo kriterijumi. Iki šiol Lietuvoje emocinio distreso ir D tipo 

asmenybės optimalūs diagnostiniai algoritmai sistemingai tirti nebuvo tarp IŠL pacientų. 

Be to, atsiranda vis daugiau įrodymų, kad tam tikri biologiniai mechanizmai, tokie kaip 

skydliaukės hormonai ir kortizolis, taip pat gali būti svarbūs į pacientą orientuotai 

sveikatos būklei. Šioje disertacijoje siekiama išanalizuoti depresijos ir D tipo asmenybės 

vertinimo skalių patikimumą ir nustatyti emocinio distreso, asmenybės bruožų ir 

neuroendokrininių faktorių ryšį su objektyvia ir į pacientą orientuota sveikatos būkle. 

Tyrimo imtį sudarė stabilia IŠL sergantys ligoniai, kurie dalyvavo reabilitacijos programoje 

praėjus maždaug dviem savaitėm po ūmaus IŠL epizodo.  

Šiuo metu plačiai naudojamos depresijos vertinimo skalės pasižymi aukštais 

klaidingai-teigiamais rezultatais, todėl išlieka poreikis nuodugnesniems tyrimams 

vertinantiems depresijos atrankos skalių patikimumą. Taigi antrame disertacijos skyriuje 

mes analizavome dviejų plačiai naudojamų depresijos vertinimo skalių (Hospital anxiety 

and Depression scale [HADS] ir Beck Depression Inventory – II [BDI-II]) psichometrines 

savybes pacientų sergančių didžiosios depresijos epizodu (DDE) atrankai. DDE diagnozė 

buvo nustatyta vadovaujantis Diagnostic and Statistical Manual of Mental Disorder, 4th 

Edition, text revision kriterijais, naudojant tarptautinį mini neuropsichiatrinį interviu. 

Optimalūs HADS Depresijos subskalės (≥5) ir BDI-II skalės (≥14) atskaitos taškai DDE 

atrankai pasižymėjo aukštu jautrumu, aukštu specifiškumu ir aukštais klaidingai-

teigiamais rezultatais. Klaidingai-teigiami rezultatai rodo, kad naudojant optimalius HADS 

ir BDI-II atrankos taškus, didžioji dalis IŠL sergančių pacientų neatitiko DDE kriterijų pagal 

DSM-IV-TR klasifikaciją. Todėl, prieš pradedant depresijos gydymą, IŠL ligoniai turėtų  būti 

ištirti naudojant standartizuotus psichiatrinius interviu. 
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Kadangi nuovargis yra vienas pagrindinių depresijos simptomų, nuovargio 

simptomus vertinantys klausimai yra įtraukti į HADS ir BDI-II skales. Kita vertus, nuovargis 

yra vienas dažniausių IŠL simptomų, todėl nuovargio simptomus vertinantys klausimai 

HADS ir BDI-II skalėse gali būti susiję su klaidingu depresijos simptomų interpretavimu 

tarp IŠL pacientų. Trečiame disertacijos skyriuje mes nustatėme, kad HADS ir BDI-II skalių 

nuovargio simptomus vertinantys klausimai neturėjo įtakos ryšiui tarp depresijos 

simptomų ir subjektyvaus nuovargio. Todėl tarp IŠL sergančių ligonių rekomenduojame 

naudoti originalias skales depresijos simptomų vertinimui.  

 Ketvirtame disertacijos skyriuje analizavome Montgomery Åsberg Depression 

rating scale (MADRS) skalę, kuri yra plačiai naudojama depresijos sunkumo ir gydymo 

efektyvumo vertinimui. Siekdami išsiaiškinti MADRS skalės naudingumą klinikinėje 

kardiologijos praktikoje, mes išanalizavome MADRS faktorinę struktūrą ir psichometrines 

savybes tarp IŠL sergančių ligonių. Buvo nustatyta, kad MADRS yra sudaryta iš vieno 

faktoriaus vertinančio depresiją ir pasižymi geromis psichometrinėmis savybėmis, todėl 

gali būti sėkmingai naudojama depresijos simptomų sunkumo ir depresijos gydymo 

efektyvumo vertinimui tarp IŠL ligonių.  

Kaip jau buvo minėta, tam tikri asmenybės bruožai, tokie kaip D tipo asmenybė, 

yra susiję su padidėjusia IŠL išsivystymo rizika, spartesniu ligos progresavimu ir didesne 

blogų išeičių tikimybe. D tipo asmenybei nustatyti ir įvertinti buvo sukurta speciali DS14 

skalė, kuri yra naudojama ir Lietuvoje. Penktame disertacijos skyriuje mes analizavome 

DS14 skalės lietuviškos versijos patikimumą ir psichometrines jos savybes, bei ištyrėme 

ryšį tarp D tipo asmenybės ir emocinio distreso tarp IŠL sergančių ligonių. Nustatėme, kad 

DS14 skalė pasižymi geromis psichometrinėmis savybėmis. Mūsų tyrimo rezultatai 

parodė, kad D tipo asmenybė yra plačiai paplitusi (> 1/3 tirtų pacientų), negana to, ji 

nepriklausomai padidina emocinio distreso riziką, todėl patartina IŠL sergančius ligonius 

tirti dėl D tipo asmenybės.  

Pirmose disertacijos dalyse išsiaiškinę depresijos ir D tipo asmenybės vertinimo 

skalių patikimumą, tolimesnėse darbo dalyse siekėme nustatyti emocinio distreso, 

asmenybės bruožų ir neuroendokrininių faktorių ryšį su objektyvia ir į pacientą orientuota 

sveikatos būkle. Depresijos ir nuovargio simptomų santykis yra sudėtingas tarp IŠL 

sergančių pacientų, nes nuovargio simptomai yra būdingas tiek depresijas, tiek IŠL. Iki šiol 
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nėra pakankamai duomenų apie fizinio pajėgumo ryšį su emociniu distresu ir su 

nuovargio simptomais. Šeštame šios disertacijos skyriuje mes nustatėme, kad nuovargio 

simptomai buvo nepriklausomai susiję su emocinio distreso simptomais, bet ne su 

objektyviais IŠL sunkumo žymenimis. O  funkcinis pajėgumas buvo susijęs su objektyviais 

IŠL sunkumo žymenimis, bet ne su emociniu distresu. Tuo tarpu ryšio tarp nuovargio 

simptomų ir funkcinio pajėgumo neradome. Šie rezultatai nurodo, kad emocinio distreso 

gydymas gali sumažinti nuovargio simptomus tarp IŠL sergančių ligonių ir taip pagerinti jų 

gyvenimo kokybę. Svarbu ir tai, kad klausimai apie subjektyvius nuovargio simptomus 

atspindi IŠL pacientų emocinį distresą, bet ne objektyvų IŠL sunkumą.  

Septintame disertacijos skyriuje analizavome nuovargio simptomų ir fizinio 

pajėgumo ryšį su skydliaukės ašies hormonų ir kortizolio koncentracijomis, nes ankstesni 

tyrimai bendrojoje populiacijoje nustatė, kad šie neuroendokrininiai faktoriai gali būti 

susiję su nuovargio simptomų atsiradimu ir progresavimu. Taip pat atsiranda vis daugiau 

duomenų rodančių, kad skydliaukės hormonai yra susiję su miokardo remodeliavimusi po 

miokardo infarkto ir yra nepriklausomai susiję su IŠL ligonių objektyviomis funkcinėmis 

išeitimis. Tačiau skydliaukės ašies hormonų ryšys su subjektyviomis IŠL išeitimis nėra 

pakankamai aiškus. Mūsų duomenys parodė, kad žemesnė skydliaukės hormonų ir 

kortizolio koncentracija buvo nepriklausomai susijusi su didesniais nuovargio simptomais, 

todėl šie biologiniai mechanizmai gali būti svarbūs tarp IŠL ligionių ir turėtų būti toliau 

tiriami.  

 Naujausioje mokslinėje literatūroje apstu rekomendacijų plačiau išsiaiškinti D tipo 

asmenybės ryšį su fiziniu pajėgumu, nustatyti atskirų D tipo asmenybės dimensijų 

(neigiamo afekto ir socialinio varžymosi) prognostinę reikšmę, tiksliau išsiaiškinti atskirų 

depresijos simptomų įtaką IŠL išeitims bei identifikuoti pačius kardiotoksiškiausius 

depresijos simptomus. Sekdami šiomis rekomendacijomis, artuntame darbo skyriuje, mes 

nustatėme, kad D tipo asmenybė buvo nepriklausomai susijusiu su mažesniu fiziniu 

pajėgumu ir mažesne motyvacija. Neigiamas afektas arba socialinis varžymasis buvo 

nepriklausomai susiję su didesniu nuovargiu ir skirtingomis depresijos simptomų 

grupėmis, tačiau D tipo asmenybė (neigiamas afektas ir socialinis varžymasis) buvo 

stipriausiai ir nepriklausomai susijusi su nuovargiu ir depresijos simptomais. Tolimesniais 

tyrimais turėtų būti siekiama ištirti ryšį tarp atskirų D tipo asmenybės dimensijų ir 

klinikinių IŠL išeičių.  



Santrauka 

 

193 

Atlikti tyrimai, visų pirma, parodė, jog prieš pradedant sisteminę depresijos 

sutrikimų atranką tarp IŠL sergančių ligonių depresijos atrankos algoritmai turėtų būti 

patobulinti. HADS, BDI-II ir MADRS gali būti patikimai naudojamos depresijos simptomų 

sunkumo vertinimui tarp IŠL sergančių ligonių, tačiau, teigiami atrankos rezultatai turi 

būti patikrinti naudojant standartizuotus klinikinius interviu prieš pradedant depresijos 

gydymą. Visų antra, emocinis distresas ir D tipo asmenybė buvo susiję su prastesnėmis 

objektyviomis ir subjektyviomis IŠL išeitimis, todėl emocinio distreso ir D tipo asmenybės 

diagnozavimas ir gydymas yra svarbus tarp IŠL sergančių ligonių. Visų trečia, skydliaukės 

hormonų ir kortizolio koncentracijų įvertinimas turi būti apsvarstomas gydant IŠL ligonius 

besiskundžiančius stipriais nuovargio simptomais.  
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