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1 Background 
1.1 Cardiovascular disease 

Cardiovascular disease (CVD), comprising coronary heart disease, cerebrovascular disease and 

large-vessel disease such as aortic pathology, is the major cause of death in adults in Western 

countries (1). Despite a considerable increase in the utilization of effective contemporary acute 

therapies such as percutaneous coronary intervention (PCI) and intravascular thrombolysis, 15 

000 persons die every year due to CVD in Norway (2). Furthermore, CVD leads to substantial 

morbidity including reduced quality of life and disability (3).  

Preventive efforts are essential for minimizing the individual and socioeconomic burdens 

of CVD. Optimal primary and secondary prevention strategies directed towards cardiovascular 

risk factors require clear understanding of their pathophysiological mechanisms, as well as 

strategies for detecting persons at risk.  

 

1.1.1 Pathophysiological mechanisms 

The vast majority of cardiovascular events are caused by acute or chronic consequences of 

atherosclerosis. Atherosclerosis is regarded a chronic inflammatory disease (4), with a long 

subclinical phase prior to clinical manifestations. From childhood lipids are deposited in the 

vessel wall, causing local endothelial dysfunction. A cascade of both local and systemic 

endothelial and inflammatory reactions subsequently lead to the development of vulnerable 

atherosclerotic plaques, in which ruptures or erosions are the hallmarks of an acute 

cardiovascular event (5;6).    

 In addition to immunoregulatory disturbance and endothelial dysfunction, other 

pathophysiological mechanisms also play a role in the development of CVD. Altered 

sympathicovagal balance and hyperactivity in the hypothalamo-pituitary-adrenal (HPA)-axis 

may contribute to increased myocardial strain and ventricular arrhythmias, as well as to 

potentiate the inflammatory reactions (7).  
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Furthermore, dysfunctional or activated platelets may contribute to atherosclerotic 

process, and eventually in formation of a thrombus (8) (Figure 1).  

Cardiovascular
event

Systemic inflammation

Endothelial dysfunction

Prothrombotic activity

Autonomic dysfunction

Atherosclerosis

Plaque
rupture

 
 Figure 1. Pathophysiological mechanisms for cardiovascular disease  

 

Most traditional modifiable cardiovascular risk factors, such as arterial hypertension, 

hypercholesterolemia, diabetes mellitus, obesity and smoking, will subsequently affect one or 

more of these pathogenetic pathways, and the importance of detecting and treating these 

conditions has been highlighted in guidelines and risk stratifications through several decades 

(9;10).  

 

1.1.2 Risk stratification by cardiovascular risk factors and biological markers 

Despite extensive preventive efforts recommended in such guidelines, a large proportion of 

patients suffering from a first cardiovascular event is not identified by traditional risk factors. 

Also, a large proportion of those classified into intermediate or high-risk groups may not benefit 

from prophylactic treatment (11). Thus, improved risk stratification programs are desirable. One 

possible way of achieving this goal is to detect new biological markers (biomarkers). A 

biomarker has been defined as “a characteristic that is objectively measured and evaluated as an 

indicator of normal biological processes, pathogenic processes or pharmacological responses to a 

therapeutic intervention” (12). Applications for biomarkers include indicators of development or 

progression of disease (prognostic risk marker) or current disease (diagnostic or screening 
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marker). Risk markers are statistically associated with a disease, but may also in some occasions 

be a risk factor, i.e. a factor causally associated with a disease (13).  

Another application of a biomarker is to provide insight into disease mechanisms, as it 

typically reflects activity in one or more of the pathophysiological pathways leading to the 

disease (13). In the case of cardiovascular biomarkers, it will often be closely associated with 

traditional cardiovascular risk factors. The field of cardiovascular biomarkers is rapidly evolving. 

Established cardiovascular risk markers at the start of the present study in 2005 included C-

reactive protein (CRP), cardiac troponin T (cTnT) and pro-brain natriuretic peptide (13). In 

addition to the discovery of new potential cardiovascular biomarkers (14), improved laboratory 

techniques have resulted in the development of new high sensitive (hs) assays for existing 

biomarkers, such as hsCRP and hs-cTnT.  

 In the present study hsCRP and heart rate variability (HRV) were prospectively chosen 

as biomarkers for inflammatory and autonomic nervous activity, respectively, while hs-cTnT, 

and cytokines were selected during or immediately after the completion of the data collection. 

Further discussion of biomarkers will thus be restricted to these in this thesis.   

 

1.2 Psychological factors and CVD 

When approaching the relationship between psychological factors and CVD, discussion of 

temporal and directional issues is inevitable. There is evidence suggesting that patients suffering 

from acute cardiovascular events have increased risk for incident episodes of depression or 

anxiety (15-17). Also, long-term cerebrovascular dysfunction might lead to psychiatric disease, 

according to the hypothesis of vascular depression (18). On the other hand, in everyday life, it is 

common to consider that acute traumatic life stress, such as death of a family member or 

disasters might trigger cardiovascular events within hours or a few days (19). However, 

considering the chronic course of atherosclerotic progression, it is logical that more long-term 

lasting psychological factors could be at least as important as acute stressors for development of 

CVD (20). Furthermore, the role psychosocial factors plays may also vary between initial and 

recurrent cardiovascular events (21). 
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A general model for the complex bidirectional relation between psychological factors and CVD 

is shown in Figure 2. This thesis will primarily focus on mechanisms in which psychological 

factors might lead to CVD.   

  
Figure 2. A general model for the relationship between psychological factors and CVD. 

 

1.3 Specific psychological risk factors 

Beyond the traditional risk factors evaluated in standard cardiovascular risk scores such as the 

systematic coronary risk evaluation or Framingham Risk Score (10;22), several psychosocial 

factors are mentioned in Norwegian and European guidelines, including low socio-economic 

status, social isolation, stress, personality and negative emotions (9;10). At the initiation of this 

study there was extensive empirical evidence suggest that psychological factors play a role in 

development of CVD (23;24). However, common for most factors is that the specific 

pathophysiological pathways linking each psychological factor to development of CVD are not 

established and needs further elaboration. Affective disorders, particular unipolar depression, 

show the closest association with CVD, and will be focused on in this thesis. Furthermore, the 

thesis also focus on the distressed personality type (Type D personality, defined below), which 

was proposed in the nineties as a novel psychological risk factor for CVD (25).  



15 
 

In the following section the empirical evidences for associations between depression, anxiety, 

Type D personality and CVD and cardiovascular biomarkers at the time of initiation of this 

thesis are briefly reviewed.  

 

1.3.1 Depression  

Major depressive disorder (MDD) is common in Western countries, with an estimated life-time 

prevalence around 20% and a one year prevalence of 7-10% in the general population (26;27). 

MDD is characterized by a combination of affective, cognitive and somatic symptoms that 

inhibit the daily function of an individual for a minimum of two weeks (28) (Appendix 1). 

Although formalized in diagnostic criteria, the combination of presenting symptoms varies 

considerably between patients. Likewise, the course of untreated depression varies from single 

episodes to a repetitive relapsing-remitting or a chronic course. The etiology of depression is not 

fully understood. Biological factors such as genetic predispositions are likely involved (29), and 

altered serotonin- and glutamate-metabolism, increased inflammation, hyperactivity in the HPA-

axis and altered activity in the autonomic nervous system have been observed (30).  

 Prospective observational studies have shown an association between presence of MDD 

or depressive symptoms and increased incidence of coronary heart disease (CHD) (31-33). The 

effect size of the association seems to be larger in patients with established CHD, than in 

community-based samples (hazard ratios (HR) 1.9 and 1.5, respectively) (32;33). Still, the results 

are more heterogeneous when the risk for recurrent rather than for initial events is studied (21). 

Furthermore, a dose-response relationship between depression severity and risk of CVD may 

exist (32). However, it is not straightforward to include MDD or depression as a causal risk 

factor for CVD. At least two other characteristics of a causal risk factor are not present; 

Intervention trials targeting depression have failed to show any reduction in cardiovascular risk 

despite improvement of the depressive symptoms (34-36). Also, there are yet no clear 

established pathophysiological pathway.  

 There are several alternative explanations of the apparent association between CVD and 

depression. Cardiovascular risk in depressed persons may be related to long-term underlying 

pathophysiological mechanisms including personality traits and biological alterations, rather than 

the acute depressive episodes, or even more radically; Depression is a marker of risk, and the 

relation may be fully explained by co-morbid somatic disorders. Furthermore, the considerable 

variation in the clinical manifestations of depression as well as psychiatric co-morbidity, may 

imply that associations are present only among sub-groups. Thus, when focusing on 

pathophysiological mechanisms for depression in relation to CVD, both psychological and 
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somatic co-morbidity should be taken into account. Although a large amount of data exists 

concerning inflammation, HPA-axis- and autonomic dysfunction, there is a lack of mechanistic 

studies considering a wide range of both psychological and somatic co-morbidities in addition to 

depression.  

 The evidence for inflammation as a pathogenetic factor in MDD includes cross-sectional 

and prospective data showing severity-dependent cytokine- and T-cell-regulations in depressed 

patients compared to non-depressed (37). Furthermore, sickness behaviour, as observed in 

animal studies and in patients treated with pro-inflammatory medication, is similar to the most 

common depressive symptoms (38;39). The patterns of immune activation are similar in both 

depression and atherosclerosis, still, whether inflammation is the mechanism linking depression 

and CVD remains to be demonstrated in clinical studies (40-42). 

 The majority of studies of inflammatory biomarkers have been performed in hospital-

based samples. A meta-analysis by Howren et al. that included 49 studies (n = 51,234) showed a 

standardized effect size (no difference = 0) of 0.15 (95% CI 0.10-0.20) towards higher 

concentration of CRP in depressed patients (43). For interleukin (IL)-6, the effect size was 0.25 

(95% CI 0.18-0.31) towards higher concentrations in depressed patients (n = 24,873). As for the 

associations between depression and clinical end-points, the effect sizes are lower in community-

based samples compared to clinical samples. 

 In the same meta-analysis, another factor attenuating the effect size by depression on 

inflammatory markers was body mass index (BMI) (43). Obesity is accompanied by increased 

visceral fat, in which adipocytes are actively secreting cytokines. Cytokine secretion is further 

increased when the metabolic syndrome is present (44). Considering that atherosclerosis is 

associated with inflammatory activity as well, characterization of several somatic co-morbidities 

is of importance particularly when considering inflammation as a possible link between 

depression and CVD. The meta-analysis includes few community-based studies taking this into 

account for CRP and IL-6 (43).  

Disturbances in the HPA-axis and autonomic nervous system are consistent biological 

manifestations of depression (45;46). With regard to the HPA-axis, circulating cortisol levels are 

chronically elevated, which contributes to altered metabolism (increased visceral fat) and 

augmented pro-inflammatory stimulation. With regard to autonomic activity, an imbalance 

towards higher sympathetic tone, as indicated by decreased HRV, has been demonstrated in 

patients with MDD or persons with depressive symptoms, irrespective of previous CVD (47-50).  

Sympathetic nervous activation, with resulting increased circulating and local catecholamine 

levels, may have harmful effects on the myocardium, with resulting increased risk of 
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hypertension, left ventricular dysfunction and ventricular arrhythmias. Sympathetic nervous 

activation thus represents a potential link between depression and the risk of cardiovascular 

events and death (51) 

 Regarding hs-cTnT, no previous study of its relation to depression had been published at 

the time the present study was initiated.  

 

1.3.2 Anxiety disorders 

In DSM-IV, anxiety disorders constitute a group of eight specific disorders (panic disorder (PD), 

agoraphobia with and without PD, post-traumatic stress disorder (PTSD), generalized anxiety 

disorder (GAD), obsessive-compulsive disorder, simple phobias and anxiety disorder not 

otherwise specified) (52). These disorders are common within the Norwegian and European 

population, with life-time prevalences ranging from 4 to 20%, highest for phobias (26;53). 

Obviously, the heterogeneity within the group of anxiety is substantial. Furthermore, co-

morbidity is common, both within the group of anxiety disorders and between anxiety and 

depression (54). The latter group of patients has been claimed to represent a sub-group more 

vulnerable for a chronic course (55).  

 There is less data available on the risk for CVD among patients with anxiety disorders 

than for MDD. Roest et al. have summarized data from community-based studies, and report a 

HR for incident coronary heart disease of 1.26 (1.15 - 1.38) and HR for cardiac death of 1.48 

(1.14 - 1.92) among patients with mainly self-reported anxiety. The association was independent 

of demographic variables, traditional risk factors, and health behaviors (56). Coincidental with 

the increased focus on the group of patients with co-morbid MDD and anxiety, Frasure-Smith et 

al. have shown that this group of patients has higher risk for CVD than patients without or with 

one single disorder (57). However, it is not known whether patients with co-morbid MDD and 

anxiety share specific biological characteristics increasing the vulnerability for CVD. 

  

1.3.3 Type D personality  

In 1995, Denollet et al. investigated a large group of survivors of myocardial infarction, and 

found that the personality traits most closely associated with a poor prognosis were the 

combination of psychological distress and inhibited expression of this (25). Later, the same 

group denoted a personality type with a stable tendency over time and situations to experience 

negative emotions and to inhibit the expression of these in social situations as Type D 

personality (58). In new cohorts of patients with myocardial infarction, stable CHD, heart failure 
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or heart transplanted, the initial finding has been replicated, suggesting that Type D personality 

is an independent risk factor for new coronary events (59-67).  

 At the time of initiation of the present study there was limited data on pathogenetic 

mechanisms causing poor outcome in Type D-persons. However, in a recent review, unhealthy 

life habits, cardiovascular reactivity, HPA-axis activation, endothelial activation and 

subsequently inflammation were biological factors hypothesized to mediate the effect by Type D 

(68). This was supported by preliminary findings of higher tumor necrosis factor (TNF)-  in 

patients with heart failure and Type D, and higher cortisol-reactivity in healthy volunteers with 

Type D (69-71). However, more studies were clearly warranted to provide data to support and 

guide potential strategies to reduce any cardiovascular risk related to Type D personality.  

  

1.4 Obstructive sleep apnea 

Above, the importance of considering somatic co-morbidity is emphasized. Traditional 

cardiovascular risk factors should as a minimum be evaluated as possible mediators of the 

relation between psychological factors and CVD or cardiovascular risk markers. However, other 

somatic co-morbidities also deserve attention as potential mediators or confounders. Presence of 

obstructive sleep apnea (OSA) is associated with increased prevalence and incidence of systemic 

hypertension (72), metabolic syndrome (73), cardiovascular events and death (74;75). 

Furthermore, the prevalence of psychiatric diagnoses has been reported to be higher in patients 

with OSA compared to those without OSA in hospital based studies (76;77). 

 OSA is caused by repeated total (apnea) or partial (hypopnea) collapse of the upper 

airways during inspiration. The apneas cause intermittent hypoxia, which, in addition to straining 

inspiratory muscles, stimulates afferent nerve fibers, leading to repetitive arousals and disrupted 

sleep (74). There is evidence of increased inflammatory activity, endothelial dysfunction and 

sympathetic activity in OSA-patients (73;74;78;79). Thus, OSA should be considered as one of 

the somatic factors possible influencing the level of biomarkers for inflammation and autonomic 

dysfunction in depressed patients. Although depression has been studied in OSA-patients, there 

have been no reports of objective sleep parameters in studies primarily focusing on depression. 
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1.5 Rationale of the present study  

The introductory text has argued for the importance of characterization of pathophysiological 

mechanisms intending to improve the understanding of the associations between psychological 

factors and CVD. Based on inconsistencies and gaps in previous literature there were several 

rationales for the present study:  

 First, the majority of previous studies are based on clinical samples. However, most 

cardiovascular risk markers are intended for use in the general population. Hospitalized patients 

may not be representative of the broader group of persons with depressive symptoms in the 

general population. Thus, when investigating associations between cardiovascular risk markers 

and psychological factors, there is a need for studies in community-based samples. This is 

particularly important regarding Type D personality, where there seems to be a lack of studies on 

associations with both traditional cardiovascular risk factors and biomarkers. 

 Second, adjustment for somatic co-morbidities known to influence similar 

pathophysiological pathways as the psychological factors is essential, as such adjustment may 

explain the observed associations. This is particularly true for samples in which the prevalence of 

traditional risk factors is high (21). Limitations of previous studies include the failure to consider 

OSA and metabolic syndrome as mediating factors.  

Third, stratification of depressed persons based on clinical manifestation or psychiatric 

co-morbidity might point to sub-groups showing closer relation to biomarkers and subsequently 

cardiovascular risk. Particularly, the group of persons with co-morbid anxiety and MDD or 

concurrent Type D personality may be at elevated risk. However, biomarker studies in persons 

having several concurrent psychosocial risk factors were not available at the time of initiation of 

the study.    

 Finally, there is a continuous need for explorative analyses of novel biomarkers for all 

psychological factors, identifying possible new biomarkers. 
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1.6 General aim 

To assess the associations between depression, anxiety, Type D personality and traditional 

cardiovascular risk factors, inflammatory biomarkers, myocardial injury biomarkers and indices 

of autonomic function in a community-derived sample.   

 

1.7 Specific aims 

1)  To assess the association between Type D personality, traditional cardiovascular risk 

factors and systemic inflammation, as indicated by circulating hsCRP levels, in a community-

derived sample (paper I). 

2)  To assess the association between Type D personality, heart rate, ventricular arrhythmias 

and HRV in a community-derived sample (paper II). 

3) To assess the association between major depressive disorder and circulating 

concentrations of hsCRP, hs-cTnT and cytokines in a community-derived sample (paper III, IV).  

4)  To assess whether subgroups of depressed persons by self-reported symptoms or co-

morbidity have on alterations in hsCRP, cytokines or HRV (paper III, IV). 
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2 Material and methods 

2.1 Study design and subjects   

In 2005 the Akershus Sleep Apnea Project was initiated. It is a two-phased cross-sectional 

community-based, clinical epidemiological study. The primary objectives of the project are; 

description of the epidemiology of OSA in Norway, evaluation of the diagnostic properties of the 

Berlin questionnaire (BQ) and evaluation of the associations between cardiovascular and 

psychosomatic measures and objective and subjective sleep variables (Figure 3).  

OSA-symptoms
(BQ-positive)

OSA Demographics

Neurological 
factors

Psychological
factors

Cardiometabolic
factors

Otopharyngeal 
factors 

 
Figure 3. Overview of objectives in Akershus Sleep Apnea Project, relations relevant for this 

thesis marked red. 

 

2.1.1 The screening phase 

The first phase of the study was designed to identify a high-probability sample for OSA and a 

low-probability control group, from which participants could be recruited into the clinical phase. 

A total of 40,000 inhabitants between age 20 and 80 years from Akershus, Hedmark and 

Oppland were randomly drawn from the National Population Register and sent a one-page 

questionnaire. The formula consisted of the BQ and self-reported data on previous diseases 

(appendix 2A).  

 For the cardiac and psychosomatic sub-studies, and subsequently this thesis, only the 

30,000 persons in the age cohorts 30, 35, 40, 45, 50, 55, 60 and 65 years were considered 
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eligible. 742 persons did not receive the questionnaire, because their postal address was 

unknown, their residence was outside Norway or they were recently deceased. Among the rest, 

16,302 (55.7%) responded (Figure 4). For the clinical phase of the study explicit predefined 

strata were made, in which 2/3 of the participants should be BQ high-risk persons, with age 

cohorts and gender equally distributed. Furthermore, to ensure high-probability samples in each 

sub-study as well, persons with self-reported myocardial infarction, diabetes mellitus or previous 

otitis media surgery were deliberately oversampled. Exclusion criteria for this phase of the study 

were poor skills in the Norwegian language, pregnancy, current use of continuous positive 

airway pressure, or physical disability hindering attendance at the sleep unit. 

 

1,085 BQ high-risk 687 BQ low-risk

Survey (Berlin Questionnaire), n = 30,000

Not contacted, n = 422

157 BQ low-risk378 BQ high-risk

Not answering, n = 202

Decline participation, n = 585

Excluded, n = 28

Screening phase, n = 16,302
BQ high-risk n = 3,960 (24.3 %)

Returned unopened, n = 742

Not responding, n = 12,956

Participants, n = 535

Random draw

233

101

353

20

189

101

232

8

Screening
phase

Clinical
phase

 

Figure 4. Inclusion procedure of Akershus Sleep Apnea Project 

 

2.1.2 The clinical phase  

A pool of 1,772 responders was randomly drawn, and subsequently contacted by telephone for 

inclusion in the clinical phase during 2006-2007 (80). A total of 202 persons were not reached 

after three attempts, 585 did not want to participate and 28 were excluded (ten due to use of 

continuous positive airway pressure, nine because of pregnancy, five due to lack of adequate 

Norwegian language skills and four due to physical impairments). Finally, 422 out of the pool of 
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1,772 persons were not contacted as the predefined strata were saturated. The distribution of 

reasons for not participating according to BQ-risk status is shown in Figure 4.  

The clinical phase thus consisted of 535 participants (378 high-risk and 157 low-risk, 

respectively). The mean (standard deviation) age was 48.5 (11.3) years, and 292 (54.5%) were 

men. Paper I and II are based on this sample.  

From the initiation of the clinical phase and until June 2007 all BQ-high risk participants 

(n = 290) were included in the psychosomatic sub-study of Akershus Sleep Apnea Project. Paper 

III and IV are based on this sample (Figure 5). As the specific aims in this thesis partly were set 

during the study period, predefined power calculations were not available. However, calculations 

of detectable effect sizes were performed prior to each analyses. Considering an alpha-level of 

0.05 and 1-beta level of 0.9, effect sizes of 0.4 and 0.6 could be detected in univariate analyses of 

Type D personality vs. non-Type D personality and MDD vs. non-MDD, respectively (81). 

 

Participants, n = 535

378 BQ high-risk

Paper I

157 BQ low-risk

Paper II

Paper III

Paper IV

304
(missing data n=9, 
previous CVD n= 65)

149
(missing data n=1, 
previous CVD n=7)

306
(missing data n=20 
previous CHD n=52)

144
(missing data n=11, 
previous CHD n=2)

290 BQ high-risk

Random draw

286
(missing data n=4)

Clinical
phase

Sub-
study

102
(missing data n=3)

  
Figure 5. Flow chart of participants in papers I-IV. 

 

2.3 Data collection and preparation in the clinical phase 

All data from the clinical phase were collected during an overnight stay at Akershus University 

Hospital, Department Stensby, and were performed by the four PhD students in the project 
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(Harald Hrubos-Strøm, Anna Randby, Silje Kjeka Namtvedt and Håvard Anton Kristiansen). In 

addition, the staff at Stensby assisted in performing the polysomnographies and in collecting the 

blood samples. Data preparation, including calculations, punching and validation, was performed 

by the PhD students if not otherwise mentioned below.  

 

2.3.1 Demographical data/medical history 

The participants filled out a 21-item questionnaire consisting of social and demographic factors 

including age, gender, income, education and physical activity (appendix 2B). The questionnaire 

has previously been used in a large Norwegian cohort study (82). Table 1 describes the 

definitions made for dichotomizations of the demographic data. Furthermore, all patients were 

interviewed for determination of any previous somatic disorders, use of any medication and 

current smoking.  

 

Table 1. Dichotomization of self-reported demographic and clinical data   

Variable Description 

Gender Male = 1 

Smoking Current daily tobacco smoking = 1 

Leisure-time physical activity < 3 hours/week vigorous = 1 

< 3 hours/week light 

History of CHD Myocardial infarction or coronary artery 

revascularization = 1 

History of CVD CHD, cerebral stroke, heart failure or aortic 

disease or intermittent claudication 

History of diabetes Self-reported, or use of anti-diabetic drugs 

History of hypertension Self-reported, or use of anti-hypertensive drugs 

Use of anti-inflammatory drug Non-steroidal anti-inflammatory drug, 

prednisolone or statin 

Use of anti-depressive drugs Selective serotonin receptor inhibitor, 

noradrenaline and/or serotonin receptor inhibitor 

 

 

2.3.2 Clinical examination 

A standard clinical examination was performed, including two repeated measures of weight, 

height, waist- and hip-circumference. BMI was calculated by the formula weight (kg)/height 
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(m)2, and the waist-hip ratio was calculated. Peripheral pulse rate and blood pressure was 

measured in a sitting position after 10 minutes of rest, and the means of the two last of three 

repeated measurements were used (Dinamap, ProCare 400, GE Healthcare, Milwaukee, 

Wisconsin, USA).  

 

2.3.3 Psychological data 

The participants in the psychosomatic sub-study (n=290) underwent a structured clinical 

interview for Diagnostic and Statistical Manual of Mental Disorder, fourth edition (DSM-IV), 

axis I disorders (SCID-I) (52). The participants were evaluated for the following current 

psychiatric disorders: MDD, dysthymia, mania, hypomania, PD, agoraphobia with and without 

PD, GAD, PTSD, obsessive-compulsive disorder, social phobia and simple phobia.  

All interviews were performed by one trained physician (Harald Hrubos-Strøm), and 

were audiotaped. A random selection of 40 interviews with at least one current psychiatric 

diagnosis was re-scored by an experienced research psychiatrist (Toril Dammen) blinded for the 

scores of the first rater. The inter-rater reliability estimates for presence/absence of MDD and 

anxiety disorder were excellent (kappas 1.0). 

Furthermore, all participants in the clinical study filled out the following questionnaires 

(appendix 3A-C): 

Beck Depression Inventory (BDI): BDI consists of 21 items of affective, cognitive and somatic 

symptoms of depression, each scored 0-3 (83). It has been recommended for use in 

epidemiological studies, including cardiovascular studies (84). For participants with up to four 

missing items on BDI, the values of the missing items were estimated by calculating the mean 

score of the other items. The Cronbach’s alpha for BDI was 0.88.  

 Based on factor analyses in clinical studies with patients with unipolar depression, a two-

factor solution of BDI has been suggested, with one factor comprising items interpreted to assess 

psychological (cognitive/affective) symptoms  (BDIPSY, item 3, 5-9, 11, 13-14) and one factor 

interpreted to assess somatic symptoms (BDISOM, item 15-21) (85). A sum-score for these two 

factors was also calculated. 

  

Hospital Anxiety and Depression Scale (HADS): HADS comprises 14 items with two subscales 

of seven items each (depression and anxiety), scored 0-3 (86). As HADS was designed for 

screening for anxiety and depression in patients with somatic disorders, the items in these 

subscales do not include any somatic symptoms of anxiety or depression. It is commonly used in 

clinical cardiovascular studies and epidemiological studies (87). In some previous studies the 
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subscales have been dichotomized to indicate clinical relevant symptom load of depression or 

anxiety. In most studies this limit is set to a cut-off score  �8 (88). The Cronbach’s alphas for 

HADS-anxiety and -depression were 0.81 and 0.79, respectively.  

 

DS-14: The presence of Type D personality was evaluated with DS-14 (89). Recently, another 

Norwegian study has reported satisfactory psychometric properties of the Norwegian version 

of DS-14 (90). DS-14 consists of 14 items, scored 0-4, with seven items each on two 

subscales concerning negative affectivity and social inhibition, respectively. The sum-scores 

on each subscale were calculated, and participants were regarded as positive for negative 

affectivity or social inhibition if �10. To be categorized with Type D personality both 

subscales must be positive. There were 32 incomplete questionnaires; 22 of these were 

included after simple imputation when 2 or fewer items were missing on each subscale. The 

Cronbachs alpha’s for both subscales were 0.87. Confirmatory factor analyses showed a two 

factor structure, where all items loaded into the two defined subscales of negative affectivity 

and social inhibition, which explained 58.5% of the variance.  

The correlations between continuous measures of self-reported symptoms are shown in Table 

2a, while the correlation between interview-based diagnosis and dichotomized self-reported 

measures are shown in Table 2b.  

 

Table 2. Correlations between a) continuous and b) dichotomized psychological measures. 

a)1 BDI BDISOM BDIPSY HADS-D HADS-A DS-14 NA 

BDISOM 0.836*      

BDIPSY 0.909* 0.580*     

HADS-D 0.712* 0.548* 0.635*    

HADS-A 0.628* 0.457* 0.596* 0.610*   

DS14 NA 0.637* 0.441* 0.624* 0.584* 0.636*  

DS14 SI 0.358* 0.241 0.376* 0.379* 0.345* 0.532* 
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b)2 MDD Anxiety HADS-D�8 HADS-A�8 

Anxiety 0.285*    

HADS-D �8 0.433* 0.281*   

HADS-A �8 0.433* 0.419* 0.325*  

Type D 0.289* 0.110 0.248* 0.300* 

*p<0.001, 1Pearson’s correlation coefficient, 2Spearman’s rho 

 

2.3.4 Blood samples 

In the morning after the polysomnograph (PSG), venous blood samples were acquired from the 

antecubital vein in a fasting state, before any physical activities or smoking. Standard clinical 

chemistry tests (glucose, creatinine, total cholesterol, HDL-cholesterol) were analyzed the same 

day at Stensby Hospital by conventional enzyme-assays. Furthermore, serum and plasma were 

separated and frozen at -20°C for a maximum of two weeks before being transferred to a -80°C 

freezer.  

The following cardiac biomarkers were analyzed when the data collection was completed: 

cTnT: A highly sensitive immunoassay-kit (Roche, Basel, Switzerland) was used for analyses of 

the serum-concentration of cTnT, on a Cobas Integra400 (Roche, Basel, Switzerland). The limit 

of detection was 3ng/L and the 99th percentile 14ng/L. The coefficient of variation was below 

10% for levels above 10ng/L, and 10-30% for levels below 5ng/L.  

CRP: The concentration of CRP was analyzed with a highly sensitive latex immunoassay kit 

(Roche, Basel, Switzerland) on a Cobas Integra400 (Roche, Basel, Switzerland). The lower limit 

of detection was 0.1mg/L. hs-cTnT and hsCRP was analyzed at AHUS.  

Cytokines: The plasma concentrations of 17 cytokines were analyzed using a Bio-Plex protein 

array systems (BioRad, Hercules, California, USA) based on xMAP technology (Luminex, 

Austin, Texas, USA). The Luminex analyses were performed according to manufacturer’s 

protocol, with minor modifications. Recombinant cytokines were reconstituted and serially 

diluted to make high sensitivity standard curves at high photomultiplier tube setting. Beads with 

capturing antibodies, standards and samples were added to a 96 wells microtiter plate (Millipore 

Corporation, Billerica, Maryland, USA), and incubated for 2 hours, before adding fluorescently 

labelled detection antibody and streptavidin-PE. The plate was analyzed with Bio-Plex 200 

System Workstation and Bio-Plex Manager Software (BioRad, Hercules, California, USA). All 

cytokine analyses were performed at Oslo University Hospital Ullevål by Maria Vistnes.  
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2.3.5  Cardiovascular risk factors 

The prevalence of traditional cardiovascular risk factors were defined as follows: Arterial 

hypertension (blood pressure �140/90 mm Hg or use of on antihypertensive medication); 

hyperlipidemia (serum total cholesterol > 5.0 mmol/L or LDL-cholesterol > 3.0 mmol/L or total 

cholesterol:HDL cholesterol ratio >4); diabetes mellitus (glucose >6.0 mmol/L or use of 

antidiabetic medication); obesity (BMI>25 kg/m2); low leisure-time physical activity (<3 hours 

of light or vigorous physical activity per week) and current tobacco-use.  

 

2.3.6 Holter registration 

All participants carried a Holter-recorder device (5-channel Medilog AR12, Oxford Instruments 

Medical Ltd., Surrey, UK) during the stay (mean recording length 18.3 hours). The recordings 

were digitally stored and analyzed by the Darwin software, version 5.0 (ScanMed Medical, 

Gloucestershire, UK).  Normal beats were automatically censored and manually corrected for 

artefacts. The manual analyses were performed by Gunnar Einvik, while 25 recordings also were 

analyzed by Silje Kjeka Namtvedt. The inter-rater variability, as evaluated by Bland-Altman 

plot, was excellent, with no mean differences larger than one standard deviation (SD). 

Participants with technical failure during the registration, atrial fibrillation, more than 10% 

artifacts or less than 10 hours of recording were excluded from further analyses (n=23). 

According to previous recommendations ventricular arrhythmias (premature ventricular 

complexes, ventricular bigeminy, trigeminy, non-sustained or sustained ventricular tachycardia) 

were registered (91), and the following variables describing HRV were automatically calculated 

(92): Standard deviation of NN-interval (SDNN), the logarithmic transformation of power in the 

high frequency spectrum (lnHF) and logarithmic transformation of power in the low frequency 

spectrum (lnLF). 

 

2.3.7 PSG 

The PSG registrations included two-channel electroencephalography (C4/A1 and C3/A2), two-

channel electrooculography, one-channel sub mental electromyography, leg electromyography 

(tibialis), measurement of peripheral arterial saturation (Nonin, Plymouth, Minnesota, USA), 

assessment of breathing movements (Respitrace; Ambulatory Monitoring, Ardsley, New York), 

nasal and oral air flow assessment (Protech, Woodinvill, Washington) and body position 

monitoring. All electrophysiological signals were preamplified, stored and subsequently scored at 

30-second epochs using the Somnologica 3.2 software package (Flaga-Medcare, Buffalo, New 
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York)  according to the Rechtshaffen and Kales scoring manual (93) by two US board-certified 

PSG-technicians who were blinded to the result of the BQ.  Arousals were documented and 

classified (94). Obstructive apneas were scored when airflow dropped below 10% of the 

reference amplitude for more than 10 seconds. Hypopneas were present when airflow dropped 

below 70% for more than 10 seconds with a subsequent oxygen desaturation �4%. Few central 

apneas or hypopneas were registered and no distinction was made between central and 

obstructive events. The AHI was calculated as the average of the total number of apneas and 

hypopneas per hour of sleep. In the present study OSA was defined using apnoea-hypopnea 

index (AHI) cutoff value of 5.  

 Table 3 shows the complete characteristics of the participants in the screening phase, 

clinical phase and in the sub-study, respectively.  
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Table 3. Descriptive comparisons of the baseline characteristics of the samples in the first and 

second inclusion (*, p < 0.05; ***, p < 0.005). 

Variables 
 
                                 BQ-status 

Screening 
sample 
N = 16,302 

Drawn 
sample 
N = 1,772 

Clinical  
sample  
N = 535 

Sub-study  
  
N = 290 

Age (mean, SD)  47.8 (10.7)  
High risk  48.8 (10.3) 49.1 (11.6) 48.9 (11.2) 48.2 (11.2) 
Low risk  47.5 (10.8) 47.2 (11.8) 47.6 (11.4) 

Male sex (n, %)  7,629 (46.8)  
High risk  2,198 (55.5) 590 (54.4) 213 (56.3) 162 (55.9) 
Low risk  5,431 (44.0) 321 (46.7) 79 (50.3) 

Screening variables  
BQ-categories      
I: Snoring (n, %)  6,665(40.9) 

High risk  3,654 (92.3) 996 (91.8) 343 (90.7) 264 (91.0) 
Low risk  3,011 (24.4) 246 (35.8) 61 (38.9)** 

II: Somnolence (n, %)  4,072 (25.0) 
High risk  2,498 (63.1) 682 (62.9) 261 (69.0)* 205 (70.7)* 
Low risk  1,574 (12.8) 76 (11.1) 19 (12.1) 

III: HT or obesity (n, %)  3,998 (24.5) 
High risk  2,624 (66.3) 745 (68.7) 252 (66.7) 193 (66.6) 
Low risk  1,374 (11.1) 71 (10.3) 15 (9.6) 

Self-reported variables 
BMI (mean, SD)  

 
26.0 (4.3)    

High risk  29.1 (5.2) 28.4 (5.3) 29 (5.0) 29.0 (4.9) 
Low risk  25.0 (3.4) 25.4 (3.4) 25.4 (2.9) 

Diabetes (n, %)  546 (3.4) 
High risk  274 (7.1) 155 (14.6) 45 (12.1)** 33 (11.6)** 
Low risk  272 (2.2) 15 (2.2) 2 (1.3) 

Previous MI (n, %)  344 (2.1) 
High risk  150 (3.9) 136 (12.9) 49 (13.3)** 41 (14.5)** 
Low risk  194 (1.6) 11 (1.6) 2 (1.3) 
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Clinical variables  
HADS-D (mean, SD) 3.3 (3.1) 

High risk 3.7 (3.2) 3.7 (3.1) 
Low risk 2.1 (2.5) 

HADS-A (mean, SD) 4.6 (3.5) 
High risk 4.8 (3.5) 4.6 (3.5) 
Low risk 4.0 (3.3) 

BDI (mean, SD) 7.4 (6.5) 
High risk 8.6 (6.7) 8.6 (6.8) 
Low risk 4.5 (5.0) 

Type D (n, %) 118 (22) 
High risk 101 (27) 80 (28) 
Low risk 17 (11) 

BMI (mean, SD) 28.9 (5.0) 
High risk 29.9 (5.2) 30.0 (5.2) 
Low risk 26.4 (3.4) 

Systolic blood pressure 
 (mean, SD)   

136 (18) 
 

High risk 136 (18) 137 (18) 
Low risk 134 (19) 

Ratio Total cholesterol/HDL 
cholesterol (mean, SD)   

4.5 (2.4) 
 

High risk 4.7 (2.8) 4.7 (3.1) 
Low risk 4.1 (1.2) 

Glucose (mean, SD) 5.9 (1.5) 
High risk 6.0 (1.6) 6.0 (1.7) 
Low risk 5.7 (1.0) 

Metabolic syndrome (n, %) 174 (33) 
High risk 143 (38) 113 (39) 
Low risk 31 (20) 

AHI (median, IQR) 6.4 (1.8-54.2) 
High risk 8.1 (2.5-57.4) 7.7 (2.4-57.6) 
Low risk 3.2 (0.7-33.6) 

Current smoking (n, %) 140 (27) 
High risk 110 (30) 86 (31) 
Low risk 30 (19) 
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2.4 Statistical analyses 

Some data were missing from the various examinations reducing the number of persons included 

in the analyses in each paper: an overview is shown in Figure 5.  All continuous data were tested 

for normality by the Kolmogorov-Smirnov-test. Non-normalized variables were either 

logarithmically transformed and re-checked for normality, or categorized. Extreme outliers were 

excluded based on approximations of the Mahalanobi’s distance to a chi-square distribution with 

the number of variables tested as degrees of freedom. Bonferroni’s corrected p-values were 

calculated, and if p<0.05 the participant was regarded an extreme outlier and excluded from the 

analysis.  

 In common for all papers, differences between groups were evaluated with t-tests for 

continuous, normalized variables, while Mann-Whitney-U-tests and chi-square tests were used 

for non-normalized and categorical data, respectively. Bivariate correlations were evaluated with 

Pearson’s correlation or Spearman’s rank correlation, as appropriate. Also common for all papers 

was the use of multivariate regression analyses. Linear regression was used for continuous 

dependent variables, while logistic regression was used for dichotomized dependent variables. 

Predefined covariates were all entered in one or two steps, except in paper II were covariates not 

associated with the dependent variable (p>0.20) were not adjusted for in the multivariate model. 

All models were evaluated by collinearity diagnostics and change in R2. 

 

In paper I an index of the number of cardiovascular risk factors was calculated by simply adding 

the number of traditional cardiovascular risk factors present according to cut-off criteria 

mentioned in section 2.3.5 above. In paper III, analysis of variance was performed to evaluate 

the association between the hsCRP-concentrations and the presence of no versus one or two of 

the diagnoses MDD and anxiety. Also, in paper III odds ratios for detectable hs-cTnT-

concentrations among persons classified as depressed, anxious or both were calculated to 

evaluate associations between hs-cTnT and these psychiatric disorders. Finally, in paper IV a 

web-based application for calculation of Fischer’s Z-transformation and Steiger’s Z-test was 

used to compare the correlations (www.psych.unl.edu/psycrs/statpage/). Otherwise, the 

Statistical Package for Social Sciences (SPSS Inc, Chicago, Illinois, USA) version 16.0 or 17.0 

was used for all analyses, and a two-tailed p-value < 0.05 was considered statistically significant. 

Post-hoc Bonferroni’s correction was necessary in paper IV to avoid overestimation of the 

results. Also, in paper II five different dependent variables were analyzed. Post-hoc Bonferronis 

correction suggested that the significant p-level should be set to p<0.01 to avoid Type I-errors.  
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2.5 Ethics 

The project was approved by the Regional committee for medical ethics (1.2005.839) and all 

participants received written information before providing a written consent for participation in 

both phases. If the participant consented, their general practitioner was informed when and if the 

examinations revealed signs of any disease needing medical attention. The privacy protection 

and establishment of database and biobank were approved by the Norwegian Social Science Data 

Services, Norwegian Data Inspectorate and Norwegian Health Inspectorate, respectively. 
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3 Summary of results  

3.1 Paper I  

Prevalence of cardiovascular risk factors and concentration of C-reactive protein in Type D 

personality persons without cardiovascular disease.  

Type D personality was assessed in 453 participants without CVD and the cardiovascular risk 

factors obesity, hyperlipidemia, hypertension, diabetes mellitus, resting heart rate, smoking 

and low leisure-time physical activity were compared, as well as the level of hsCRP 

Smoking (43% vs. 21%, p<0.001) and low leisure-time physical activity (< 3 hours per 

week, 57% vs. 40%, p=0.003) were more prevalent, and resting heart rate (mean SD), 75 (10) 

vs. 71 (9) beats per minute, p=0.001) and BMI was higher (29.8 (6.0) vs. 28.4 (4.5) kg/m2, 

p=0.009) in Type D compared to non-Type D participants. The total number of risk factors 

was significantly higher in Type D than non-Type D participants (3.4 (1.3) vs. 3.0 (1.2), 

p=0.004). The concentration of hsCRP was higher in participants with Type D personality 

(median (interquartile range) 1.6 (0.7-3.4) vs. 1.1 (0.6-2.6) mg/l, p=0.047), although the 

association was not statistically significant after adjustment for possible mediating factors.  

 

3.2 Paper II 

Type D personality is associated with an increased prevalence of ventricular arrhythmias in 

community-residing persons without coronary heart disease. 

A Holter-recording of acceptable quality was obtained in 450 persons who were also 

characterized regarding Type D personality and free of established coronary heart disease. 

Average long-term heart rate, ventricular arrhythmias and HRV was evaluated.  

 By univariate analysis Type D personality was associated with higher average long-term 

heart rate (74 (10) vs. 71 (9) beats per minute, p=0.003), but this association was attenuated and 

not significant in a multivariate model (p = 0.078). Type D persons had increased prevalence of 

complex ventricular ectopy (bigeminy, trigeminy, NSVT, 15% vs. 8%, p = 0.006 in multivariate 

analysis). HRV variables (lnHF and lnLF) did not differ significantly between those with or 

without type D personality. Symptoms of anxiety were not associated with heart rate, 

arrhythmias or HRV, and there was no cluster-effect by co-occurring Type D personality and 

anxiety. 
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3.3 Paper III 

Major depressive disorder, anxiety disorders and cardiac biomarkers in subjects at high risk of 

obstructive sleep apnea  

Among the participants in the psychosomatic sub-study, the concentration of hsCRP (median, 

interquartile range, mg/L) were higher both in depressed (2.7, 1.1-5.8mg/L) vs. non-depressed 

(1.3, 0.7-3.1mg/L, p=0.021) and anxious (2.8, 0.9-5.2mg/L) vs. non-anxious (1.3, 0.7-3.1, 

p=0.014, mg/l). When adjusted for age, gender, hypertension, diabetes, hyperlipidemia, obesity, 

smoking, AHI and previous CVD, MDD was independently associated with higher 

concentrations of  CRP (unstandardized beta 0.387, p=0.041), while anxiety was not 

(unstandardized beta 0.298, p=0.088). The mean concentration of CRP was highest in 

participants with co-morbid MDD and anxiety (3.4, 1.1-7.8mg/l). The unadjusted and adjusted 

OR’s (95% CI) for having measurable cTnT (>3ng/L) were 0.49 (0.24-1.07) and 0.92 (0.31-2.67) 

for MDD vs. non-depressive and 0.38 (0.18-0.80) and 0.61 (0.30-2.05) for anxiety vs. non-

anxiety, respectively.   

 

3.4 Paper IV 

Circulating cytokine concentrations are not associated with major depressive disorder in a 

community-based cohort  

Using a case-control design, all participants with MDD and available blood samples (n=34) were 

compared with two controls matched with respect to age, gender, presence of OSA and 

metabolic syndrome. Multiplex cytokine-analyses were performed for 17 cytokines; IL-1 , -2, -

4, -5, -6, -7, -8, -10, -12(p70), -13 and  -17, TNF- , IFN- , granulocyte colony stimulating 

factor, granulocyte-monocyte stimulating factor, macrophage chemo-attractant protein-1 and 

monocyte inhibitory protein-1

Group comparisons revealed no significant difference in the levels of cytokines between persons 

with and without MDD. Moreover, no association between cytokines levels and MDD was 

evident in multivariate regression analyses. The concentration of interleukin-4 was significantly 

more positively correlated with psychological symptoms than somatic symptoms (r=0.046 vs. -

0.143, respectively, p=0.024), while no different correlations were observed for the other 

cytokines.   
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4 General discussion 
4.1 Methodological considerations 

4.1.1 Design 

A strength of the two-phase design of a clinical epidemiological study is that results may be 

generalizable to a large group of the population. On the other hand, the cross-sectional design 

clearly limits interpretation of causal relationships. Hence, any association found between the 

dependent variables (cardiovascular risk markers) and psychological variables cannot be 

ascribed to direction of causality or temporal relationships. Also, the collection of data at only 

one point in time is vulnerable to both individual variability and random errors. In a cross-

sectional registration of symptoms and blood samples, one could consider acute somatic illness 

as a potential confounder by giving both increased depressive symptoms and increased levels of 

biomarkers. However, all participants were thoroughly interviewed and examined during the 

one-night stay, reducing this possible bias.   

 

4.1.2 Study sample 

There are two types of biases limiting the generalizability of the results; investigator-dependent 

and participant-dependent.   

 First, the predefined stratifications for inclusion in the clinical phase inferred that 2/3 of 

the participants scored positive on at least two of the BQ-categories. Furthermore, as detailed in 

another article from Akershus Sleep Apnea Project, due to an administrative error, there was also 

a bias towards snoring among BQ-negative participants (80). Thus, the clinical sample consists 

of a high percent of snorers (76% with positive BQ-category), as well as > 60% of them with 

either daytime somnolence or obesity/hypertension. Also, in line with the deliberate 

oversampling performed, the prevalences of participants having previous myocardial infarction, 

diabetes or otopharyngeal surgery were higher in the clinical sample than in the screening 

sample. Participants in the psychosomatic sub-study were all BQ-positive, reducing 

generalizability to the general population.  

 Second, participant-dependent biases in the first selection process include that the 

proportion of men was lower, and the mean age was higher among responders than in the total 

invited population of 30,000. We are not able to further characterize the non-responders. It 

would not be surprising if persons having severe MDD or anxiety tended not to participate. 

Likewise, one of the features of Type D personality is the tendency toward social inhibition. On 

the other hand, the prevalence of participants with MDD was higher than expected compared to a 

previous Norwegian community-based study (26). Still, the symptom load among these 
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participants was of moderate severity. During the procedure of inviting responders to the clinical 

phase, subjects with daytime somnolence were more likely to participate (Table 3). This is a 

common symptom for depressive persons and may have caused increased prevalence of mild and 

moderate depression compared to the general population. 

 Thus, the deliberate and participant-dependent inclusion bias limits the generalizability of 

the present results to persons at elevated risk for OSA. Still, in the present study this proportion 

of the general population is 24%, and is nevertheless probably more generalizable than hospital-

based samples. It is possible that persons with severe depression or Type D personality may have 

been underrepresented. However, this is probably not different from previous community-based 

studies, and would not alter the interpretation of this study in relation to others.  

 

4.1.3 Data 

Strengths of the study include that collection of data were done by established methods and 

performed standardized by few investigators. Furthermore, the quality of the data has been 

checked by two investigators, minimizing random errors in creating the database. Also, 

established associations between somatic variables, i.e. between cardiovascular risk factors and 

hsCRP, were confirmed in our analyses, supporting the internal validity of the somatic data in 

Akershus Sleep Apnea Project.  

 The psychometric properties of BDI, HADS and DS-14 seem satisfactory, as evaluated 

by factor analyses and Cronbach’s alpha. Compared to another Norwegian study of patients 

scheduled for coronary revascularization, the prevalence of Type D personality was higher in our 

sample. Studies from Western European countries show prevalences ranging from 15-30%, 

higher in patient samples than community-based samples (89;95-97). Regarding HADS-anxiety 

and HADS-depression the mean score of anxiety in the present study was higher in women, but 

not in men, than observed in community-based data from 1995 (98). The clinical interviews were 

potentially vulnerable for systematic biases towards either positive or negative results as they 

were performed by one rater. However, the excellent reliability estimates implies that such bias 

is unlikely.   

Compared to conventional assays the hs-assays of CRP and cTnT improve the reliability 

of test results when concentrations are low. Still, in this range the coefficient of variation is 

relatively high, and for hs-cTnT, data have been dichotomized rather than using the continuous 

scale. For hsCRP one must take into account up to 15% variability. Coefficients of variation of 

similar magnitude were observed for several of the cytokines in the multiplex panel. Importantly, 
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such variability is expected to be two-sided. Thus for association analyses no systematic bias 

towards lower or higher levels in depressed or Type D persons is expected.  

 The automatic calculation of HRV depends on each NN-interval throughout the Holter- 

recording. The manual review is mainly limited to non-normal beats and arrhythmias. There 

might be normal beats that has been misplaced by the engine, resulting in falsely high NN-

variability. Long-term registrations of beat-to-beat variability are considered to reflect 

autonomous activity. In spectral analyses various time frames of variability are reflected from 

high to very low frequency variability. While HF mainly is considered to reflect parasympathetic 

activity, multiple factors others than sympathetic activity affect the LF-spectrum, including 

respiration (99). Thus, careful interpretation of HRV as a marker of sympathetic activity is 

required (100). In the present study these limitations are not likely to have influenced on the 

results of the HRV-analyses, as these were all negative.  

 AHI was obtained by a single PSG. Previously, it has been stated that a one-night 

recording may for some persons result in unstable sleep due to the novel situation of carrying the 

PSG-device and the unfamiliar condition of staying at hospital (101). Again, an overestimation 

of AHI is not likely to have influenced on the main results in this thesis, as AHI was weakly 

correlated to the psychological variables. 

 

 4.1.4 Statistics 

The initial power calculations in Akershus Sleep Apnea Project were performed to evaluate the 

primary objectives. Still, the power calculations for the psychosomatic substudy considered the 

sample sufficiently large to detect medium effect sizes, which is sufficient to detect differences 

previously reported between MDD and non-MDD persons regarding inflammatory markers. The 

possibility of type II errors (i.e. false negative) is present, and in several of the papers the 

hypotheses of differences between groups or associations have been rejected. Although small 

differences between groups could have been missed, differences of medium effect size may have 

more clinically relevant implications.   

 The broad collection of data renders Akershus Sleep Apnea Project suitable for 

investigating possible mediating effects by co-variates on any association between the 

psychological factors and biomarkers. In this aspect, a mediating factor is a variable statistically 

associated with both the independent and the dependent variable, but not causally associated 

with these variables. In these papers mediating effects have been evaluated in multivariate 

regression models. In paper I and III all co-variates assumed to be possible mediators were 

entered into the model. In paper II and IV the co-variates in the multivariate model were selected 
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based on univariate analyses between the dependent variable and the independent variable. 

Although a more complete evaluation is performed when adding all co-variates, the multivariate 

models may become statistically unstable if overfitted in studies with lower sample size, such as 

in paper IV.  

 Multiple testing is a concern in paper II, III and IV, as well as in the psychosomatic sub-

study in general. The usual statistical method to adjust for multiplicity is to lower the limit for 

statistical significance (Bonferroni’s correction). This has particular importance when the 

analyses are positive, i.e. supporting the hypothesis. Such adjustment was performed in paper IV. 

The correction implicates that the finding of IL-4 being more negatively correlated to somatic 

than psychological depressive symptoms was possible spurious. Post-hoc correction of the 

analyses in paper II did not alter the main conclusion of increased prevalence of complex 

ventricular ectopy (p = 0.005 in multivariate analysis).       

 

4.1.5 Summary of methodological considerations 

Acknowledging the limitations in design and statistical procedures, data from Akershus Sleep 

Apnea Project seems well suited for analyses of associations between biological markers and 

psychological factors. The results are obviously not generalizable to the general population, and 

interpretations of results should primarily be hypothesis-generating, needing confirmations in 

other populations. The reliability and validity of the collected data seem to be satisfactory and 

unlikely to have caused systematic errors, but careful evaluation of HRV as a marker of 

sympathetic activity is necessary. Finally, positive results should be viewed in relation to the 

number of analyses performed, and type II errors of weak associations between psychological 

factors and biomarkers may have occurred.  
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4.2 Discussion of results  

We found evidences for increased prevalence of behavior-related cardiovascular risk factors in 

Type D persons, as well as increased level of hsCRP, higher average long-term heart rate and 

prevalence of complex ventricular ectopies. There was no association between Type D 

personality and other established cardiovascular risk factors or HRV. Furthermore, persons with 

co-morbid MDD and anxiety had higher levels of hsCRP than persons with one of these 

diagnoses or no diagnoses. We found no association between MDD and hs-cTnT or a panel of 17 

cytokines.  

 

4.2.1 Type D personality, cardiovascular risk factors and systemic inflammation 

A meta-analysis has summarized prospective studies of the influence of Type D personality on 

mortality and cardiovascular outcomes among patients with established CVD, and concluded 

that Type D personality is independently associated with increased risk (estimated effect size OR 

3.16) (102). However, it did not include three recent studies showing no association, out of 

which two include heart failure patients (103-105). No study has yet evaluated the prognostic 

influence of Type D personality on CVD or mortality in community-based samples. Although 

further studies clearly are warranted to clarify these relationships, it seems reasonable to 

investigate possible mechanisms for the proposed cardiovascular risk. Also, considering the 

stability of personality, there is a rationale for such investigations both in CHD-patients and in 

healthy persons.  

 Since 2006 several reports of potential mediating mechanisms for cardiovascular risk by 

Type D personality in community-based samples have been published (96;106-113). First, our 

finding of sedentary life-style and increased prevalence of smoking have been reported in other 

studies as well (96;106;111;113). Also, two studies have pointed to unhealthy diet habits 

(106;113). On the other hand, there are mainly neutral results regarding the established 

cardiovascular risk factors hypertension, diabetes mellitus, hyperlipidemia and obesity (97;106). 

One study has reported increased prevalence of metabolic syndrome in Type D personality 

(111), another study reported hyperlipidemia among female Type D persons (96). This is in 

accordance with studies among patients with CHD (66;96). While the role traditional 

cardiovascular risk factors play for the increased risk associated with type D personality remains 

elusive, behavioral factors represent potential targets for intervention. 

 The lack of previous studies investigating biological pathways linking Type D personality 

and CVD provided the rationale for comparing hsCRP-levels in Type D persons to non-Type D 

persons in a community-based setting. Previously, two studies including stable CHD-patients 
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found no difference and higher levels in Type D persons, respectively (114;115). Other 

inflammatory markers, including TNF- , soluble-TNF- -receptor (sTNF- R)-1 and -2, have 

been analyzed in heart failure patients (69;71;116;117). Although a tendency towards increased 

levels has been observed in some studies, no significant association was demonstrable in a meta-

analysis (102). As is the case for hsCRP, there was no regulation of IL-10, TNF- , sTNF- R-1 

and -2 in a sample of stable CHD-patients. The hypothesis of elevated hsCRP-levels in Type D 

persons was confirmed in the crude analysis. However, increased BMI, triglycerides and low 

leisure-time physical activity attenuated this association. In some of the other studies metabolic 

variables were not adjusted for, which seems prudent (69;71). The present results suggest that 

increased inflammation may be mediated by traditional risk factors rather than being an 

independent pathophysiological feature of Type D personality in a community-based setting.  

Taken together, the preponderance of evidence suggests that behavioral pathways play 

the most important role for mediating the effects of Type D personality on cardiovascular health 

(68). The present study does not provide any data on why Type D persons have unhealthy life 

habits. However this is a common finding in disorders with affective symptoms, particularly 

depression (118). Also, some data indicates that compliance for attendance in rehabilitation or to 

seek medical advice is lower in persons with Type D personality (113;119;120), which may be 

related to social inhibition. Furthermore, there is evidence for increased cardiovascular 

reactivity, higher circulating levels of stress-hormones and increased inflammation. Still, 

behavioral factors, poor dietary habits and low physical exercise will contribute to an unhealthy 

metabolic state including obesity, metabolic syndrome and inflammation.  

 

4.2.2 Type D personality, heart rate, ventricular arrhythmias and HRV 

 In paper I, higher resting heart rate in participants with Type D personality was 

documented. Considering the risk associated with increased heart rate both in healthy persons 

and patients with CHD (121;122), this is a possible mechanism contributing to increased risk of 

CVD in Type D personality. This is a novel finding, in general resting heart rate has not been 

reported in most previous papers. Hence, this was further explored in paper II, confirming a 

higher average heart rate in Type D persons during a day- and night-recording. Previously 

Nyklicek et al. performed Holter-recordings in 85 healthy young adults, but found no differences 

in average heart rate between Type D and non-Type D persons (110). In the present study, 

traditional risk factors were shown to attenuate the association between Type D personality and 

average heart rate. Thus, the difference in age and cardiovascular risk factor prevalence may 

explain the different finding in the other study. Based on this evidence, one may hypothesize that 
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the distressed personality potentiates the influence by other risk factors on heart rate control. 

Zellars et al. reported increased heart rate reactivity during stress (123) in Type D personality. 

Furthermore, paper II provides novel insight into ventricular arrhythmias, with evidences for 

increased prevalence of bigeminies, trigeminies and NSVT. Among patients with implantable 

cardioverter defibrillator, Type D personality has been associated with increased prevalence of 

severe ventricular arrhythmias in need for shock-therapy (124).  

 In search for pathophysiological mechanisms by which Type D personality can induce 

tachycardia and ventricular arrhythmia, HRV was investigated as an indicator of increased 

sympathetic activity. One previous study has provided results of HRV-variables before, during 

and after a stress-test among healthy, showing that Type D was associated with a smaller 

decrease in lnHF during stress (108). Thus, based on current evidence, one may not conclude 

that increased sympathetic activity is associated with Type D personality. Adrenal hormones 

may also cause chronotropic stimulation. This was not investigated in the present study, while 

two other studies among myocardial infarction-survivors reported higher cortisol awakening-

response and daytime cortisol-concentration, respectively (125;126).  

 

4.2.3 Major depressive disorder, novel inflammatory biomarkers and hsTnT  

Biomarkers may be used as a surrogate marker for disease (13). In papers III-IV 17 cytokines, 

hs-cTnT and HRV were investigated aiming to explore potential pathophysiological links 

between depression and CVD. The results were overall negative.  

 Paper III provides the first report of cTnT measured with a hs-assay in depressed or 

anxious patients. Importantly, the hs-cTnT assay is more appropriate to use in samples without 

acute coronary atherosclerotic disease than conventional assays, as concentrations are low in 

these settings. Recently, it has been documented that even high values within the defined normal 

range of 3-14 ng/L are associated with increased risk of subsequent cardiovascular events 

(127;128). Increased levels may indicate asymptomatic structural heart disease or myocardial 

stress. Assuming increased sympathetic and adrenal activity in depressive disorders, these factors 

may contribute to increased oxygen consumption and myocardial stress by inotropic and 

chronotropic effects. In our study the univariate negative association between depression and hs-

cTnT can probably be explained by the majority of young, female, non-smoking persons among 

depressed participants. The results are in accordance with studies with conventional assays (129-

131), and suggest that depression is not associated with chronic low-grade myocardial damage. 

Also, the multivariate models reveal that traditional cardiovascular risk factors accounts for the 

majority of the explained variability of the hs-cTnT levels. 
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 In paper IV, inflammatory markers were characterized by analyzing a broad panel of 

cytokines in a sub-group of participants. Cytokine measurements are an important part of the 

empirical evidence for inflammatory activity in depression. A large amount of data is available 

for the most commonly studied cytokines IL-1, IL-6 and TNF- , showing increased levels, both 

in hospital-based and community-based samples (43;132). However, for other cytokines no 

conclusion has yet been reached (132). The intention of our analysis was exploratory, and in 

paper IV our results were compared with other studies using multiplex analyses. The lack of 

association between cytokines and depression observed in our study is in contrast to three other 

studies that showed increased concentrations of one or more of the pro-inflammatory cytokines 

IL-1 , IL-2, IL-6, IL-7, IL-8, IL-12(p70), MIP-1  and MCP-1 (133-136). Consistent with our 

results, the study by Lehto et al. showed no or weak associations (137;138). Among previous 

studies, only Lehto’s study was community-based. In all studies, the control groups consisted of 

healthy persons. Our sample was relatively small, and compared to the large existing literature 

on i.e. IL-6, our negative finding has limited impact. Still, a possible explanation for the lack of 

association is the characteristics of our study; it was community-based, and the control persons 

were matched for metabolic syndrome and OSA. Associations between inflammation and 

depression are generally weaker when patients are sampled from a general population (43). The 

average depression severity may be less in community-based than in hospital-based samples, and 

somatic co-morbidity is more prevalent. In the current study controls persons were clearly 

healthy with regards to depression, but all belong to the BQ-high risk group, and were matched 

for metabolic syndrome. Thus, it is less likely to detect differences than with complete healthy 

controls.  

   

4.2.4 Subgroup effects by clustering of psychological co-morbidity or variation in depressive 

symptoms on alterations in hsCRP, cytokines or HRV. 

From the large body of evidence linking depression to CVD, it is evident from the meta-analyses 

that the heterogeneity is substantial (32;33). Gender and depression severity are two factors 

likely influencing the magnitude of cardiovascular risk associated with depression. Recent 

studies indicate that patients with co-morbid anxiety, or with specific predominance of one type 

of depressive symptoms are subgroups of depressive patients particularly prone to CVD or 

increased mortality (57;139-142). Thus, it is relevant to investigate whether the association with 

biomarkers more pronounced in subgroups of depressed persons. 
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 Akershus Sleep Apnea Project is well-suited for evaluation of subgroups due to the broad 

characterization of depressive symptoms. In paper II, clustering of Type D personality and 

anxiety did not contribute significantly to explain variation in arrhythmias, and in univariate 

analysis the cluster was less strongly associated with arrhythmias than Type D alone. There are 

two reports of a potential cluster effect by Type D personality and anxiety in patients with 

implantable cardioverter-defibrillators (124;143). This is a patient group with severe heart 

disease, and the anxiety level may be particularly high due to the experience of previous life-

threatening arrhythmias in many of the patients. Such patients will probably have a more 

pronounced stress-response than community-residing persons.   

 Type D personality is conceptually different from depression by being a non-pathological 

personality trait rather than a psychopathological state.  Moreover, it is by nature/definition 

chronic rather than episodic. Still, according to the additional analyses provided in Table 2, it is 

evident that both subscales of Type D correlates highly with self-reported depression measures 

such as BDI, while a clinical diagnosis of MDD is more weakly correlated to Type D. Thus, in 

studies using self-report measures of depression, Type D and depression may partially denote the 

same symptoms.  

 A central question under continuous debate is whether co-morbid MDD and anxiety 

disorder represent an unique psychopathological entity (144). Considering the increased 

mortality in this group, one might also hypothesize that there are biological alterations particular 

for this co-morbid group. In paper III, persons with co-morbid anxiety disorder and MDD were 

identified as a group with significantly increased hsCRP-levels, while persons with only MDD 

did not have increased levels. There are few other studies on possible somatic characteristics of 

patients with co-morbid MDD and anxiety disorder. Phillips et al have found increased blood 

pressure and lower cortisol levels (145;146). One study has investigated inflammatory markers 

in association to depressive symptoms and PTSD, and report a complex relation, with lower CRP 

in PTSD patients with co-morbid self-reported depression, but increased levels in patients with 

PTSD alone (147). A pragmatic explanation for our finding may be that depressive persons also 

diagnosed with anxiety have more severe depression, and thus increased inflammatory activity 

(43). Post-hoc analyses showed a non-significant trend towards higher BDI sum-scores among 

persons with co-morbid anxiety (21.2 (9.9) vs. 15.8 (8.9), p = 0.102).  

 Another way of detecting particular subgroups of depressed persons more prone to CVD 

is to stratify symptoms into dimensions. Prospective cohort-studies have revealed that patients 

scoring high on anhedonia (loss of pleasure or interest) or high on somatic symptoms are at 

increased risk for CVD, while negative affective symptoms have less influence (139;140;148-
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150). Correspondent to the discussion above, there are studies showing stronger associations 

between biological risk factors and somatic symptoms than affective/psychological symptoms 

(150;151). Subsequently, in paper IV we hypothesized that the cytokine levels were more 

strongly correlated with somatic than psychological symptoms. Instead, there was a tendency 

towards more negative correlations with somatic symptoms, reaching statistical significance for 

IL-7. However, evaluation of the differences between symptom dimensions of depression when 

correlations are weak and MDD is not associated with cytokine levels per se, should be 

considered exploratory. Thus, the results should be interpreted as a rejection of the hypothesis.  

 Due to selection criteria, this sample was characterized by a high prevalence of patients 

with self-reported daytime sleepiness. There is currently a large focus on the relation between 

sleep disturbances, such as insomnia and OSA, and CVD (152;153). However, the picture is 

complex. Causes of daytime sleepiness include poor sleep quality, such as insomnia and 

nocturnal hyperarousals in OSA. Furthermore, fatigue induced by psychiatric disease or by 

obesity-related inflammation can be reported by patients as daytime sleepiness (154;155). The 

wide collection of data in Akershus Sleep Apnea Project made it possible to adjust for objective 

variables related to obesity, metabolic syndrome and OSA. Although the prevalence of 

psychiatric disorder was relatively high in the present study, OSA was, in contrast to most 

previous studies, not associated to either MDD or anxiety disorders (156). Thus, we found that 

OSA-severity, as measured by the AHI was not likely to be a mediator of the associations 

between psychosocial factors and biomarkers.  

 A consistent finding throughout paper I-IV was that the major part of the explained 

variability of the biomarkers was attributable to obesity, diabetes mellitus or hyperglycemia. 

This highlights the importance of adjusting for metabolic factors when relating MDD to 

biomarkers.  
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4.3 Concluding remarks and clinical implications  

This thesis particularly emphasizes two aspects with importance for interpretations of studies in 

this field and for clinical implications, i.e. co-occurrence of psychological factors and the 

mediating effect by somatic factors.  

 As discussed in the Introduction, psychosocial factors may have both acute and long-term 

effects on cardiovascular risk. Affective symptoms registered in self-report questionnaires are 

attributable to several psychological entities. Our data support that overlapping and co-morbidity 

is common between depression, anxiety and Type D personality. In cross-sectional analyses 

episodic psychiatric morbidity, such as MDD, probably has larger impact on somatic variables 

than the chronic influence of personality. Additionally, there might be synergistic effects of co-

morbid personality and acute morbidity. In prospective studies directions of effects may be 

assessed, several studies have shown that depression predict increased inflammation (157-159). 

However, the severity of depression will normally vary during a study-period, making 

interpretations of the contribution by depression difficult, and it is likely that the cumulative 

effect by stable psychosocial factors, such as Type D personality may contribute to incident 

CVD in a stronger manner than acute depressive episodes. Our data support that Type D 

personality may have distinct somatic features. Both Suls et al and Denollet have emphasized the 

need to evaluate multiple psychosocial factors simultaneously (160), in which Type D 

personality factors should be included. Importantly, this should be done in prospective studies 

with multiple symptom registration and somatic examination, for evaluating the direction of 

effects.  

 Assuming a long-term effect by psychosocial factors on pathogenetic pathways for CVD, 

several studies have investigated whether i.e. inflammation or autonomic dysfunction explains 

the increased cardiovascular risk in depressive (157-159;161). Despite significant increase in 

biomarkers, these studies have concluded that the effect is mainly mediated by traditional 

cardiovascular risk factors and unhealthy life-style. As confirmed in our study, particularly 

metabolic-related variables such as obesity, diabetes mellitus and metabolic syndrome distort the 

association between inflammation and psychosocial factors (41;42;157).  
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Based on these considerations, Figure 6, modified from Suls et al (21), summarizes the relation 

between various psychosocial factors, traditional cardiovascular risk factors, cardiovascular risk 

markers and CVD. 
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Figure 6. General model of the association between psychological risk factors and cardiovascular 

risk markers. Red-colored figures studied in this thesis (modified from Suls et al) 

 

It should be acknowledged that this study has pointed to a large group of persons with a tendency 

towards elevated hsCRP. Regardless of the mechanism of effect, hsCRP > 3 mg/L place these 

persons into a higher cardiovascular risk stratum (162).  In line with other recent research it is 

evident that Type D persons probably profit from efforts to improve life-style into increased 

physical activity and less smoking.  
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5 Conclusion 
This thesis has assessed the associations between depression, anxiety, Type-D personality and 

cardiovascular risk factors and biomarkers in a community-derived sample of persons at elevated 

risk for OSA. The data support that Type-D personality is associated with unhealthy behaviors 

such as smoking and a sedentary lifestyle, but not to other traditional cardiovascular risk factors. 

Furthermore, Type-D personality is associated with higher CRP levels and increased rate of 

ventricular ectopic complexes, although the associations were partially mediated by concurrent 

cardiovascular risk factors. We found no relation to HRV. 

 The levels of hs-cTnT and a panel of 17 cytokines were not associated with MDD. 

Somatic co-morbidity, particularly obesity and metabolic syndrome, explained the majority of 

variation in these biomarkers, underscoring the importance of these as mediating factors for the 

relations between psychosocial factors and biomarkers. OSA was not a mediator of the 

associations between the psychosocial factors and biomarkers.    

 Finally, persons with co-morbid MDD and anxiety had elevated levels of hsCRP, 

indicating that this subgroup may be characterized by biological manifestations contributing to 

increased risk for CVD.  

   

6 Implications for further research 
Concurrent with the relations showed in figure 6 there are several targets for further research in 

this field. In general, the overlaps and distinctions in quantitative measures and psychological 

framework between various affective measures can benefit from further elucidation. The 

association between each psychological variable or any combination of these and CVD measured 

as hard end-point and surrogate markers are preferably characterized in prospective studies 

controlled for somatic co-morbidity.   

 Specific topics for further studies include assessment of the association between 

ventricular arrhythmias and Type D personality in patients with established CVD and other 

community-based samples, as well as more thorough analyses of adrenal hormones and 

sympathetic activity. The most immediate need for further research is on therapeutic 

interventions and their feasibility in clinical practice. Detection and prophylactic treatment of 

unhealthy life-style should be considered. There is also clearly a need for further studies 

evaluating psychological approaches to change Type D behavior (163). Furthermore, new 

candidate cardiovascular biomarkers should continuously be evaluated in order to illuminate the 

pathophysiological mechanisms connecting CVD to MDD and other affective states.  
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8 Appendix 
Appendix 1 – DSM-IV criteria for major depressive episode 

A) Five (or more) of the following symptoms have been present during the same 2-week period 

and represent a change from previous functioning; at least one of the symptoms is either (1) 

depressed mood or (2) loss of interest or pleasure 

 1) Depressed mood most of the day, nearly every day, as indicated by either subjective 

report (e.g., feels sad or empty) or observation made by others (e.g., appears tearful).  

2) Markedly diminished interest or pleasure in all, or almost all, activities most of the day, 

nearly every day (as indicated by either subjective account or observation made by others) 

 3) Significant weight loss when not dieting or weight gain (e.g., a change of more than 5% 

of body weight in a month), or decrease or increase in appetite nearly every day.  

4) Insomnia or hypersomnia nearly every day 

 5) Psychomotor agitation or retardation nearly every day (observable by others, not merely 

subjective feelings of restlessness or being slowed down) 

 6) Fatigue or loss of energy nearly every day 

 7) Feelings of worthlessness or excessive or inappropriate guilt (which may be delusional) 

nearly every day (not merely self-reproach or guilt about being sick) 

 8) Diminished ability to think or concentrate, or indecisiveness, nearly every day (either 

by subjective account or as observed by others) 

 9) Recurrent thoughts of death (not just fear of dying), recurrent suicidal ideation without 

a specific plan, or a suicide attempt or a specific plan for committing suicide 

 

 B) The symptoms do not meet criteria for a mixed episode 

 

 C) The symptoms cause clinically significant distress or impairment in social, occupational, or 

other important areas of functioning. 

 

 D) The symptoms are not due to the direct physiological effects of a substance (e.g., a drug of 

abuse, a medication) or a general medical condition (e.g., hypothyroidism) 

 

 E) The symptoms are not better accounted for by bereavement, i.e., after the loss of a loved one, 

the symptoms persist for longer than 2 months or are characterized by marked functional 

impairment, morbid preoccupation with worthlessness, suicidal ideation, psychotic symptoms, or 

psychomotor retardation. 



68 
 

Appendix 2 - Questionnaires 

A) Screening questionnaire phase I, including the Berlin Questionnaire 
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B ) Demographic variables, selection of items from CONOR 
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C) Beck Depression Inventory 
I dette spørreskjemaet vil du finne setninger inndelt i grupper. Vennligst les alle setningene innenfor hver 
gruppe nøye. Deretter velger du den setningen i hver gruppe som best beskriver hvordan du har følt deg 
DEN SISTE UKA, I DAG INKLUDERT. Du kan krysse av på flere alternativer innenfor samme gruppe. 
 
Husk å lese alle setningene innenfor en gruppe før du velger, og pass på at du gir svar innenfor alle 
gruppene.  
 
 
A 

� Jeg føler meg ikke trist 
� Jeg er lei meg eller føler meg trist 
� Jeg er lei meg eller trist hele tiden og kan ikke komme ut av denne tilstand 
� Jeg er så trist og ulykkelig at jeg ikke holder det ut 

B 
� Jeg er ikke særlig pessimistisk eller motløs overfor fremtiden 
� Jeg føler meg motløs overfor fremtiden 
� Jeg føler at jeg ikke har noe å se frem til 
� Jeg føler at fremtiden er håpløs og at forholdene ikke kan bedre seg 

C 
� Jeg føler meg ikke som et mislykket menneske 
� Jeg føler at jeg har mislyktes mer enn andre mennesker 
� Når jeg ser tilbake på livet mitt, ser jeg ikke annet enn mislykkethet 
� Jeg føler at jeg har mislykkes fullstendig som menneske 

 
D 

� Jeg får like mye tilfredsstillelse ut av ting som før 
� Jeg nyter ikke ting på samme måte som før 
� Jeg får ikke ordentlig tilfredsstillelse ut av noe lenger 
� Jeg er misfornøyd eller kjeder meg med alt 

 
E  

� Jeg føler meg ikke særlig skyldbetynget 
� Jeg føler meg skyldbetinget en god del av tiden 
� Jeg føler meg temmelig skyldbetynget mesteparten av tiden 
� Jeg føler meg skyldbetinget hele tiden 

 
F 

� Jeg har ikke følelsen av å bli straffet 
� Jeg føler at jeg kan bli straffet 
� Jeg forventer å bli straffet 
� Jeg føler at jeg blir straffet 
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G 
� Jeg føler meg ikke skuffet over meg selv 
� Jeg er skuffet over meg selv 
� Jeg avskyr meg selv 
� Jeg hater meg selv 

 
H 

� Jeg føler ikke at jeg er noe dårligere enn andre 
� Jeg kritiserer meg selv for mine svakheter eller feilgrep 
� Jeg bebreider meg selv hele tiden for mine feil eller mangler 
� Jeg gir meg selv skylden for alt galt som skjer 

 
I 

� Jeg har ikke tanker om å ta livet mitt 
� Jeg har tanker om å ta livet mitt, men jeg vil ikke omsette dem i handling 
� Jeg ønsker å ta livet mitt 
� Jeg ville tatt livet mitt om jeg fikk sjansen til det 

 
J 

� Jeg gråter ikke mer enn vanlig 
� Jeg gråter mer nå enn jeg gjorde før 
� Jeg gråter hele tiden nå  
� Jeg pleide å kunne gråte, men nå kan jeg ikke gråte selv om jeg gjerne vil 

 
K 

� Jeg er ikke mer irritert nå enn ellers 
� Jeg blir lettere ergerlig eller irritert enn før 
� Jeg føler meg irritert hele tiden nå 
� Jeg blir ikke irritert i det hele tatt over ting som pleide å irritere meg 

 
L 

� Jeg har ikke mistet interessen for andre mennesker 
� Jeg er mindre interessert i andre mennesker enn jeg pleide å være 
� Jeg har mistet det meste av min interesse for andre mennesker  
� Jeg har mistet all interesse for andre mennesker  

 
M 

� Jeg tar avgjørelser omtrent like lett som jeg alltid har gjort 
� Jeg forsøker å utsette det å ta avgjørelser mer enn tidligere 
� Jeg har større vanskeligheter med å ta avgjørelser enn før 
� Jeg klarer ikke å ta avgjørelser i det hele tatt lenger 

 
N 

� Jeg føler ikke at jeg ser dårligere ut enn jeg pleide å gjøre 
� Jeg er redd for at jeg ser gammel eller lite tiltrekkende ut 
� Jeg føler at det er varige forandringer i mitt utseende som får meg til å se lite tiltrekkende ut 
� Jeg tror at jeg ser stygg ut 
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O 

� Jeg kan arbeide omtrent like godt som før 
� Det kreves ekstra anstrengelse for å ta fatt på noe 
� Jeg må presse meg hardt for å gjøre noe  
� Jeg klarer ikke å gjøre noe arbeid i det hele tatt 

P 
� Jeg sover like godt som ellers 
� Jeg sover ikke så godt som før 
� Jeg våkner 1-2 timer tidligere enn ellers og har vanskelig for å sovne igjen 
� Jeg våkner flere timer tidligere enn jeg pleide og får ikke sove igjen 

 
Q 

� Jeg blir ikke fortere trett enn ellers 
� Jeg blir fortere trett enn ellers 
� Nesten alt jeg gjør blir jeg trett av 
� Jeg er for trett til å gjøre noe som helst 

 
R 

� Matlysten min er ikke dårligere enn ellers 
� Matlysten er ikke så god som den var før 
� Matlysten min er mye dårligere nå 
� Jeg har ikke mye matlyst i det hele tatt lenger 

 
S 

� Jeg har ikke gått ned meget i vekt, om i det hele tatt noe, i den senere tid 
� Jeg har tatt av mer enn 2 kg 
� Jeg har tatt av mer enn 4 kg 
� Jeg har tatt av mer enn 6 kg 

 
T 

� Jeg er ikke mer bekymret for helsen min enn vanlig 
� Jeg er bekymret over fysiske plager som verking og smerter; eller urolig mage, eller forstoppelse 
� Jeg er meget bekymret over fysiske plager, og det er vanskelig å tenke på stort annet 
� Jeg er så bekymret over mine fysiske plager, at jeg ikke klarer å tenke på noe annet 

 
U 

� Jeg har ikke merket noen forandring i mine seksuelle interesser i det siste 
� Jeg er mindre interessert i sex enn jeg var før  
� Jeg er mye mindre interessert i sexx nå 
� Jeg har helt mistet interessen for sex 
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D) Hospital anxiety and depression scale 
 
Dette spørreskjemaet er utformet for å hjelpe oss til å forstå hvordan du føler deg. Sett ett 
kryss for det svaret som best beskriver dine følelser den siste uken, for hvert utsagn.  
Ikke tenk lenge på hvert svar, i denne sammenheng er den spontane reaksjon er ofte riktigere 
enn et svar man tenker lenge på! 
Jeg er nervøs eller anspent 
For det meste   (    )  
Ofte    (    ) 
Noen ganger    (    ) 
Ikke i det hele tatt   (    ) 
 
Jeg gleder meg fremdeles over ting jeg 
pleide å glede meg over 
Avgjort like mye   (    ) 
Ikke fullt så mye   (    ) 
Bare litte grann   (    ) 
Ikke i det hele tatt   (    ) 
 
Jeg har en urofølelse som om noe 
forferdelig kommer til å skje 
Helt sikkert, og svært ille  (    ) 
Ja, men ikke så veldig ille  (    ) 
Litt ille, men det bekymrer meg lite (    ) 
Ikke i det hele tatt   (    ) 
 
Jeg kan le og se det morsomme i 
situasjoner 
Like mye som jeg alltid har gjort (    ) 
Ikke like mye nå som før  (    ) 
Avgjort ikke like mye nå som før  (    ) 
Ikke i det hele tatt   (    ) 
 
Jeg føler meg som alt går langsommere 
Nesten hele tiden   (    ) 
Svært ofte     (    ) 
Fra tid til annen   (    ) 
Ikke i det hele tatt   (    ) 
 
Jeg føler meg urolig liksom jeg har 
sommerfugler i magen 
Ikke i det hele tatt   (    ) 
Fra tid til annen   (    ) 
Ganske ofte    (    ) 
Svært ofte    (    ) 
 
Jeg har sluttet å bry meg om hvordan jeg 
ser ut 
Ja, helt klart    (    ) 
Jeg bryr meg ikke så som jeg burde  (    ) 
Det kan hende at jeg ikke bryr meg nok (   ) 
Jeg bryr meg om utseendet like mye 
som jeg alltid har gjort  (    ) 
 
 
 

 
Jeg føler meg rastløs som om jeg stadig 
må være i aktivitet 
Uten tvil svært mye   (    ) 
Ganske mye    (    ) 
Ikke så veldig mye   (    ) 
Ikke i det hele tatt   (    ) 
 
Jeg har hodet fullt av bekymringer 
Veldig ofte    (    ) 
Ganske ofte    (    ) 
Av og til    (    ) 
En gang i blant   (    ) 
 
Jeg er i godt humør 
Aldri    (    ) 
Noen ganger    (    ) 
Ganske ofte    (    ) 
For det meste   (    ) 
 
Jeg kan sitte i fred og ro og kjenne meg 
avslappet 
Ja, helt klart    (    ) 
Vanligvis    (    ) 
Ikke så ofte    (    ) 
Ikke i det hele tatt   (    ) 
 
Jeg ser med glede frem til hendelser og 
ting 
Like mye som jeg alltid har gjort (    ) 
Heller mindre enn jeg pleier  (    ) 
Avgjort mindre enn jeg pleier  (    ) 
Nesten ikke i det hele tatt  (    ) 
 
Jeg kan plutselig få en følelse av panikk 
Uten tvil svært ofte   (    ) 
Svært ofte    (    ) 
Ikke så veldig ofte   (    ) 
Ikke i det hele tatt   (    ) 
 
Jeg kan glede meg over en god bok, eller 
et radio- eller TV-program 
Ofte    (    ) 
Fra tid til annen   (    ) 
Ikke så ofte    (    ) 
Svært sjelden   (    ) 
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E) DS-14 
 

Nedenfor følger en rekke påstander som man ofte bruker for å beskrive seg selv. Vær 
vennlig å lese hver påstand og kryss av for det svaret som passer. Det finnes ingen riktige 
eller gale svar. Din egen vurdering er den som teller. 
 
0 = uriktig 
1 = ganske uriktig 
2 = verken riktig eller uriktig (nøytral) 
3 = ganske riktig 
4 = riktig 
 
1.  Jeg oppnår lett kontakt når jeg møter mennesker.  0 1 2 3 4 
 
2.  Jeg lager ofte oppstyr rundt uviktige ting   0 1 2 3 4 
 
3.  Jeg snakker ofte med fremmede.    0 1 2 3 4 
 
4.  Jeg føler meg ofte ulykkelig    0 1 2 3 4 
 
5.   Jeg er ofte irritert                                                     0 1 2 3 4 
 
6.   Jeg føler meg ofte hemmet i sosialt samvær  0 1 2 3 4 
 
7.   Jeg har et negativt/pessimistisk syn på ting  0 1 2 3 4 
 
8.  Jeg finner det vanskelig å starte en samtale  0 1 2 3 4 
 
9.  Jeg er ofte i dårlig humør    0 1 2 3 4 
 
10. Jeg er en lukket person     0 1 2 3 4 
 
11. Jeg foretrekker å holde andre mennesker på avstand 0 1 2 3 4 
 
12.  Jeg bekymrer meg ofte for noe    0 1 2 3 4 
 
13.  Jeg er ofte "nede i grøfta"    0 1 2 3 4 
 
14.  Når jeg snakker med andre, finner jeg ikke de 
 rette tingene å snakke om     0 1 2 3 4 
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Structured abstract 

Background: Type D personality may be a risk factor for poor outcome in patients with 

cardiovascular disease. The biological mechanisms underlying this association are 

poorly understood. The objective of the study was to test the hypotheses that Type D 

personality is associated with biological markers for sympathetic dysregulation. 

Design: Cross-sectional community-based study. 

Methods: Type D personality was evaluated by DS-14 in 450 persons (46% men), aged 

between 30 and 65 years. From a Holter-recording, (mean length 18.3 hours), long-term 

heart rate, ventricular arrhythmias and heart rate variability (HRV) were registered as 

markers of sympathetic dysregulation. Traditional cardiovascular risk factors, apnea-

hypopnea index, medication and anxiety symptoms were adjusted for.  

Results: Type D persons had higher long-term averaged heart rate (74 vs. 71 min-1, 

p=0.003), but this difference was attenuated and not significant in the multivariate 

model (p=0.078)). There was an increased prevalence of complex ventricular ectopy 

(bigeminy, trigeminy or non-sustained ventricular tachycardia, 14% vs. 7%, p=0.005 in 

multivariate model). HRV indices did not differ significantly between those with or 

without Type D personality. Anxiety symptoms did not confound these associations. 
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Conclusions: Type D personality is independently associated with a higher likelihood of 

ventricular arrhythmias, which may be implicated in the increased cardiovascular risk 

observed in persons with Type D personality.  
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Introduction 

Type D personality is defined by having a stable trait of both negative affectivity and 

social inhibition (1), and is a common psychological feature with an estimated 

prevalence ranging from 21-32% among population-based samples in Western Europe 

(2-5). Current documentation suggests that this combination of personality traits may be 

an independent risk factor for recurrent cardiovascular events and indicative of poor 

somatic and psychological health among patients with established coronary heart 

disease (CHD) (6-8). However, the mechanisms connecting Type D personality and 

poor cardiovascular outcome are yet uncertain (8).  

 Systemic inflammation, dysfunction in the hypothalamo-pituitary-adrenal 

(HPA)-axis and altered autonomic regulation are mechanisms hypothesized to be 

associated with Type D personality in patients with established CHD (8). Alterations in 

catecholamine levels or sympathetic activity may be manifested as ventricular 

arrhythmias (9). Furthermore, asymptomatic ventricular arrhythmias and faster resting 

heart rate may also have clinical significance, as it is associated with increased mortality 

and a heightened incidence of CHD in community-based samples (10;11).  

 Previous studies investigating indices of dysfunctions in HPA-axis and 

autonomic regulation in Type D persons have reported increased cortisol awakening 

response and reduced heart rate recovery (12;13). Also, presence of Type D personality 



6 
 

has been associated with life-threatening arrhythmias among patients with implantable 

cardioverter-defibrillators (14). In CHD-free populations, increased reactivity to stress 

and altered heart rate variability (HRV), have been reported in Type D persons (15-17). 

Our group has previously noted an increased resting heart rate in Type D persons (18).  

However, to our knowledge, no study has previously examined the association between 

Type D personality and long-term averaged heart rate or the rates of ventricular 

arrhythmias in community-residing persons with Type D personality.  

 Critic has been leveled against the concept of Type D personality as a risk factor 

beyond other episodic psychological risk factors such as depression and anxiety (19). 

Denollet et al advocated viewing psychosocial factors in relation to each other when 

investigating their potential role for somatic health (20). In another cohort of patients 

with implantable cardioverter-defibrillators, only Type D patients with concurrent 

anxiety had increased incidence of severe arrhythmias (21). 

 Thus, in this community-based study we tested the hypotheses that Type D 

personality is associated with faster long-term average heart rate, increased prevalence 

of ventricular arrhythmias and impaired HRV, indicative of increased sympathico-vagal 

balance, in persons without established CHD. Furthermore, we explored the influence 

of concurrent anxiety on these associations.  
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Methods 

Design and participants 

The Akershus Sleep Apnea Project is a cross-sectional study in the South-East of 

Norway. Among 29258 persons aged 30-65 years randomly drawn from the Norwegian 

Population Register and receiving the study invitation, 16302 (55.7) were willing to 

participate. Participants responded to a questionnaire designed to evaluate risk for 

obstructive sleep apnea, the Berlin Questionnaire (22). A second random selection 

consisted of 1350 responders who were contacted and invited to the clinical phase of the 

study. The selection was stratified to meet pre-defined criteria of equal distributions of 

gender and 5-year age cohorts, as well as a 2/3 proportion of persons at high-risk for 

obstructive sleep apnea. 202 did not reply, 585 declined participation and 28 were 

excluded, thus a total of 535 (46.7% of contacted) were examined between 2005 and 

2007. More details of the recruitment process have been published previously (18;23).  

 

Data collection 

All data were collected during an overnight stay at Akershus University Hospital 

Stensby.  



8 
 

Type D personality: The presence of Type D personality was evaluated by the 14-item 

self-report questionnaire DS-14 (3). There are two subscales, each consisting of seven 

items scaled 0-3, denoting social inhibition and negative affectivity respectively. A total 

score of >10 on each subscale is regarded positive, if both subscales are positive the 

persons is classified as having Type D personality. The Norwegian translation of DS-14 

has been validated in another community-based study (24).  

Cardiac arrhythmias and HRV: A 5-channel Holter recording (MedilogAR12, Oxford 

instruments Medical Ltd., Surrey, United Kingdom) was performed during the 

overnight stay, with a mean recording length of 18.3 hours. The digital recordings were 

interpreted by an automatic engine (Medilog Darwin, ScanMed Medical, 

Gloucestershire, United Kingdom), and manually reviewed by two researchers blinded 

to other participant data. A third reviewer was consulted for discrepant interpretations 

(<5% of recordings). Mean heart rate was calculated based on the whole recording. A 

ventricular complex was defined premature (PVC) when the RR-interval was >30% 

shorter than the average of the three previous RR-intervals. Bigeminies and trigeminies 

were defined as �3 V-N or V-N-N couples, respectively. Ventricular tachycardia was 

defined as ventricular rhythm >110min-1, non-sustained if shorter than 30 seconds. All 

arrhythmias were coded as dichotomous outcomes (present or absent) according to 

previously used cutoffs (11). HRV was evaluated by frequency-domain variables 
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(natural logarithm of the total power in the high and low frequency spectra (lnHF and 

lnLF, respectively)). 

Clinical and demographical data: Clinical and demographic characteristics registered in 

the study include history of CHD (self-reported myocardial infarction, percutaneous 

coronary intervention or coronary artery bypass grafting), diabetes mellitus, current 

smoking, arterial blood pressure, body mass index, blood lipid levels and apnea-

hypopnea index as measured by polysomnography (25). Anxiety symptoms were semi-

quantified by seven items (scored 0-3) on the self-report questionnaire Hospital Anxiety 

and Depression Scale (HADS) (26). The sum-score of the seven items was 

dichotomized, where >8 was considered likely to denote a person with clinical relevant 

anxiety symptoms (27). 

   

Statistical analysis 

For the purpose of this study, 54 participants with established CHD were excluded. 

Furthermore, persons without complete DS-14 (n = 10), missing Holter-recording (n = 

7), short Holter recording (<10 hours, n = 5) or a high level of artifacts (>15%, n = 9) 

were excluded from the analyses, resulting in a study sample of 450 persons. The 31 

persons excluded due to missing data did not deviate from the included persons 

regarding clinical and demographic data.   
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 Continuous data were assessed for normality by histograms and normal Q-Q 

plots. Parameters without normal distribution were logarithmical transformed, and re-

checked for normality.  Differences between groups were compared by the Student’s t 

test, Mann-Whitney U test or Chi-Square test as appropriate. The associations between 

arrhythmias, HRV and Type D personality were further assessed by univariate and 

multivariate linear and logistic regression models as appropriate. >5 PVC per hour, 

complex ventricular ectopy (presence of bigeminy, trigeminy or non-sustained 

ventricular tachycardia), average heart rate, lnHF and lnLF were dependent variables. 

Co-variates included age, gender, current smoking, diabetes mellitus, systolic blood 

pressure, body mass index, apnea-hypopnea index and HADS-anxiety. These were 

tested in univariate models and added to the multivariate models if p<0.20. Finally, to 

evaluate the effect of any cluster of psychological distress, the product of Type D x 

dichotomized HADS-Anxiety was added in a second step to all multivariate models. 

The interaction terms were retained in the models if statistical significant. Analyses 

were performed with SPSS for Windows version 17.0 (SPSS, Chicago, IL, USA), and 

the significance level was set to p <0.05. 
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Results:  

Of the overall sample of 450 persons, 109 (24%) were classified as having Type D 

personality.  Table 1 shows demographic and clinical characteristics according to the 

presence or absence of Type D personality. Type D personality persons were younger, 

more obese, more often current smokers and had more daytime sleepiness and anxiety 

symptoms than non-Type D persons. Usage of beta-blockers was most common among 

non-Type D persons (Table 1). 

 

Long-term heart rate and ventricular arrhythmias 

The average long-term heart rate (standard deviation) was higher in participants with 

Type D personality (Table 1). As expected, several co-variates were also associated 

with faster heart rate (Table 2). Consequently, the association between Type D 

personality and heart rate was attenuated in the multivariate model, and of borderline 

statistical significance only (Table 3).  

 No runs of sustained ventricular tachycardia or other symptomatic ventricular 

arrhythmias were observed.  The prevalences of asymptomatic ventricular arrhythmias 

are given in Figure 1. There was significantly increased prevalence of trigeminies in 

Type D persons compared to non-Type D persons (7.3 vs. 2.9%, p = 0.041). However, 

this association was not tested in multivariate analyses due to the low prevalence. Any 
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occurrence of a complex ventricular ectopy was significantly more prevalent in persons 

with Type D personality than in those without (13.9 vs. 5.9%, p=0.007) (Figure 1). The 

co-variates age and systolic blood pressure were also positively associated with the 

prevalence of complex ventricular ectopy. Thus, as Type D persons were younger and 

with lower systolic blood pressure than non-Type D persons, the association between 

Type D personality and complex ventricular ectopy was strengthened in the multivariate 

model, yielding an adjusted odds ratio of 3.0 (95% CI 1.4-6.5, p=0.005) (Table 3). Use 

of beta-blockers was not included in the multivariate model, as it was not associated 

with prevalence of complex ventricular ectopy by univariate analyses. Due to the 

difference in usage of beta-blockers between Type D and non-Type D persons, 

additional analyses were performed to evaluate its potential confounding role. Still, 

entering of beta-blocker use in the model shown in Table 3 changed the OR (95% CI) 

and p for the association between Type D personality and complex ventricular ectopy to 

2.8 (1.3-6.1), 0.009. There was no univariate or multivariate association between Type 

D personality and the occurrence of >5 PVC/hr. 

 

HRV  

There were no differences between Type D and non-Type D persons regarding lnHF or 

lnLF. Female gender, higher age, and traditional cardiovascular risk factors were 
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associated with lower HRV, but adjustment for these factors did not substantially alter 

the relation between Type D and HRV (Tables 1-3). 

Influence of anxiety symptoms 

The severity of self-reported anxiety symptoms as measured by HADS-anxiety was 

associated with faster average long-term heart rate (p = 0.026 in univariate analyses), 

but not with the prevalence of ventricular arrhythmias or HRV. When adjusted for in a 

multivariate model, the association between anxiety and heart rate was attenuated and 

not significant. The clustering of Type D personality and anxiety did not contribute with 

significant explanation in any of the multivariate models.  
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Discussion:  

The main finding in this study is that Type D personality is associated with an increased 

prevalence of complex ventricular ectopy. The elevation of heart rate in Type D persons 

may be mediated by traditional cardiovascular risk factors, while there was no 

significant association between Type D personality and HRV.  Concurrent anxiety do 

not influence on the relations between Type D personality and heart rate, ventricular 

arrhythmias and HRV. 

 

Average heart rate and ventricular arrhythmias 

Type D personality is considered to be a stable construct over time probably involving 

genetic factors predisposing persons to chronic distress when exposed to physical and 

psychological challenges (28). Given the activation of the autonomic nervous system 

and HPA-axis during acute stress (29), the possibility that Type D personality is 

accompanied by chronic dysfunction of these systems constitute an intriguing 

hypothesis. In the present study heart rate, arrhythmias and HRV were studied as 

markers of such dysfunction.  

 Heart rate is emerging as an increasingly important independent predictor of 

cardiovascular risk (30;31), and we have previously reported that Type D personality is 

associated with increased heart rate (18). However, this was a post-hoc finding based on 
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resting heart rate, which is susceptible to influence by the white-coat effect, as well as 

environmental conditions, both of which may have conceivably greater effects in Type 

D personalities. Thus, a novel approach in this study was to evaluate continuous heart 

rate monitoring over 18 hours, providing a more physiologic measure. We found faster 

average heart rate among Type D persons throughout the day- and night, even in 

standardized laboratory condition. However, it seems that somatic co-morbidity and 

medication mediate this association. Notably, Type D participants used less frequent 

beta-blockers. This could be explained by them being younger and having lower 

systolic blood pressure, however previous literature have pointed to Type D persons as 

attending regular medical examination less frequently and having lower compliance for 

medical treatment (32;33).  

 Furthermore, we report increased occurrence of any ventricular ectopy including 

bigeminy, trigeminy and non-sustained ventricular tachycardia. These data extend 

previous reports showing that Type D personality might influence the risk for 

symptomatic ventricular arrhythmias in patients with an implantable cardioverter 

defibrillator (14;21). Importantly, the present results are reported in a sample without 

established CHD, which increases the probability for this being an effect of Type D 

personality per se, and not simply the effect of co-morbid somatic conditions. In the 
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present study several traditional cardiovascular risk factors were indeed lower in Type 

D persons, including age and systolic blood pressure.  

 

HRV  

HRV is a non-invasive marker of autonomic activity, in which lnHF is considered to 

reflect parasympathetic activity, while lnLF is among the measures representing 

sympathetic activity (34). Low HRV has recently been associated with depression (35). 

Experimental data suggests similar findings among young adults with Type D 

personality (15). In the present study we found no significant association between HRV 

parameters and Type D personality. However, there were negative associations between 

traditional cardiovascular risk factors and HRV, counting against that sympathico-vagal 

disturbance was the cause of arrhythmias in our sample. 

 

Concurrent anxiety  

In the present study Type D persons reported significantly more anxiety symptoms than 

non-Type D persons, in line with previous literature (36). However, the univariate 

analyses show that Type D personality is more closely related to the dependent 

variables than anxiety in this sample. Consequently, adjusting for anxiety did not alter 
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the relation between Type D and arrhythmias or heart rate. Neither was there a 

significant interaction by the cluster of Type D and anxiety as measured by HADS � 8.  

 

While this study cannot further differentiate the discussion of the psychological validity 

of Type D personality versus other psychological factors, it is evident that DS-14 more 

accurately than other psychological instruments select persons at risk for cardiovascular 

risk or risk markers (37).  

  

Although community-based, generalizability to the general population is reduced by the 

inclusion procedure, which included deliberate oversampling of persons at high risk for 

obstructive sleep apnea in part of the study group. However, Type D persons did not 

differ from non-Type D persons regarding snoring, obesity or hypertension, and the 

presence of obstructive sleep apnea was adjusted for in the multivariate model. 

Moreover, the exclusion of potential effects of sleep disorders, which may significantly 

affect heart rate, arrhythmias and HRV, is an important and unique strength of our 

study. The lack of objective measurements of myocardial function is a limitation of this 

study, and should be included in future studies. In mitigation, the expected prevalence 

of structural cardiac disease in this community-based sample is likely to be low. The 
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clinical significance of asymptomatic ventricular arrhythmias may be questioned. 

However, ventricular ectopy is associated with the risk of future fatal arrhythmias (11). 
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Conclusion 

Type D personality is associated with increased rate of asymptomatic complex 

ventricular ectopy, as well as a tendency towards higher day- and night-time heart rate 

in persons derived from a community-sample. No association between Type D 

personality and HRV was evident.  

To determine the clinical relevance of arrhythmias among Type D persons, our data 

speak to the need for evaluation of these associations in samples with higher prevalence 

of arrhythmias, including symptomatic arrhythmias. Identification of likely mechanisms 

would help guide whether future interventions should target biological pathways, 

personality, or both 
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Figure legends 

Figure 1. Comparisons of prevalences of ventricular arrhythmias during Holter 

recording between Type D and non-Type personality persons (n = 450, chi-square test). 
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Table 1. Comparisons of baseline parameters, average heart rate and heart rate variability 

between Type D and non-Type D persons (n (%) or mean (SD), t-tests, Mann-Whitney U-

tests and Chi-Square tests as appropriate) 

 Type D personality 

n = 109 

non-Type D personality 

n = 341 
p 

Age, years 45 (11) 48 (11) 0.020 

Male gender  49 (45) 178 (52) 0.188 

Current smoking  45 (42) 77 (23) <0.001 

BQ category I (snoring) 86 (79) 248 (72) 0.123 

BQ-category II (daytime sleepiness) 79 (73) 158 (46) <0.001 

BQ-category III (obesity and/or 

hypertension) 
54 (50) 156 (46) 0.280 

Diabetes mellitus 27 (25) 101 (30) 0.329 

Use of beta-blocker 4 (4) 36 (11) 0.028 

Body mass index, kg/m2 29.7 (6.1) 28.5 (4.6) 0.036 

Systolic blood pressure, mmHg 134 (17) 136 (19) 0.450 

Apnea-hypopnea index (median, 

interquartile range) 
5.7 (2.2-16.8) 5.9 (1.4-17.3) 0.509 

HADS-Anxiety 7.5 (3.8) 3.9 (3.0) <0.001 

Average heart rate, beats/min 75 (10) 71 (9) 0.001 

lnHF, ms 6.0 (1.0) 6.0 (1.2) 0.855 

lnLF, ms 6.8 (0.8) 6.8 (1.0) 0.808 

BQ, Berlin questionnaire; HADS, Hospital anxiety and depression scale; lnHF, natural 

logarithm of the power in the high frequency spectrum;  lnLF, natural logarithm of the power 

in the low frequency spectrum. 
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Table 3. Multivariate predictors of ventricular arrhythmias, long term average heart rate and heart rate 

variability (n = 450, logistic and linear (standardized beta coefficient) regression analyses). 

 �5 PVC /hour  Complex ventricular ectopy  

 OR (95% CI) p OR (95% CI) p 

Gender 1.15 (0.55, 2.40) 0.718 0.64 (0.30, 1.37) 0.251 

Age 1.06 (1.02, 1.10) 0.002 1.06 (1.01, 1.10) 0.001 

Systolic BP   1.01 (0.99, 1.03) 0.266 

lnAHI 1.16 (0.88, 1.53) 0.283 1.18 (0.89, 1.57) 0.257 

Type D personality 1.60 (0.72, 3.57) 0.250 3.00 (1.39, 6.47) 0.005 

 Heart rate  lnHF lnLF 

Gender -0.29 <0.001 0.11 0.020 0.29 <0.001 

Age -0.17 0.002 -0.25 <0.001 -0.29 <0.001 

Current smoking 0.15 0.002     

Diabetes mellitus 0.15 0.002 -0.10 0.058 -0.12 0.015 

Use of beta-blocker -0.14 0.003 0.03 0.539 0.01 0.765 

Body mass index 0.17 <0.001 -0.11 0.028 -0.14 0.004 

Systolic BP 0.20 <0.001 -0.13 0.011 -0.10 0.036 

Ln AHI 0.13 0.013 0.04 0.647 0.04 0.503 

Anxiety 0.01 0.820     

Type D 0.09 0.078 -0.01 0.826 -0.03 0.481 

AHI, apnea-hypopnea index; BP, blood pressure; CI, confidence interval; lnHF, natural logarithm of the 

power in the high frequency spectrum;  lnLF, natural logarithm of the power in the high frequency spectrum; 

OR, odds ratio; PVC, premature ventricular complex. 
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