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Abstract 

Objective: Cognitive reactivity (CR) and depressive rumination are cognitive processes 

that are well established as separate vulnerability factors for the onset and recurrence of 

episodes of depression in major depression disorder (MDD). Difficulties in emotion 

regulation (ER) are also associated with depression, indexed both by self-report measures of 

ER ability and psychophysiological measures of heart rate variability (HRV). In the present 

study, CR, rumination and ER were compared between formerly depressed (FD) and never 

depressed (ND) participants to investigate their possible role in vulnerability to depression. It 

was hypothesized that, compared to ND participants, FD participants would show greater CR, 

higher levels of rumination, greater self-reported difficulties in ER and reduced resting state 

HRV. In addition, HRV change during mood induction was compared between the groups, for 

exploratory purposes. Method: In total, 44 FD and 43 ND university students and people from 

the general community completed a number of self-report questionnaires and participated in 

experimental tasks measuring CR and ER. Results: The FD group reported greater cognitive 

reactivity than the ND group, measured with LEIDS-R questionnaire. Following mood 

induction, there was no change in dysfunctional attitudes in either group, indicating no 

cognitive reactivity. The FD group reported higher levels of rumination (both brooding and 

reflective pondering). The FD group reported more difficulties in emotion regulation than the 

ND group, measured with DERS questionnaire. No group differences were observed in 

resting state HRV. During mood induction, FD university students had a mean reduction in 

HRV while ND students had a mean increase in HRV. However, no significant changes were 

observed in these groups in the general population sample. Conclusions: Cognitive reactivity, 

rumination and emotion regulation difficulties are possible vulnerability factors to depression 

that are present in formerly depressed individuals in euthymic state. However, the results 

indicate that assessment methods may influence results in vulnerability studies with possible 

differences emerging on self-report measures but not on experimental tasks measuring those 

vulnerabilities. 
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Útdráttur 

Markmið: Rannsóknir hafa sýnt að hvort tveggja hugnæmi og þunglyndisþankar virki sem 

næmisþættir fyrir þróun á endurteknu þunglyndi. Erfiðleikar í tilfinningastjórn hafa einnig 

verið tengdir við þunglyndi, ýmist mældir með sjálfsmatskvörðum eða lífeðlisfræðilegum vísi 

breytileika í hjartslætti. Tilgangur þessarar rannsóknar var að skoða möguleg hlutverk 

hugnæmis, þunglyndisþanka og tilfinningastjórnar í þróun á þunglyndi, með því að bera 

saman þessa þætti hjá fólki með sögu um þunglyndi (tilraunahópur) og fólki án slíkrar sögu 

(samanburðarhópur). Tilgáturnar voru þær að samanborið við einstaklinga án sögu um 

þunglyndi, væru fyrrum þunglyndir með meira hugnæmi, ríkari tilhneigingu til 

þunglyndisþanka, meiri erfiðleika við tilfinningastjórn og minni breytileika í hjartslætti í 

hvíld. Þar að auki var breyting á breytileika í hjartslætti meðan á tilraunainngripi stóð borin 

saman á milli hópanna. Aðferð: Alls tóku þátt í rannsókninni 44 fyrrum þunglyndir og 43 

einstaklingar án sögu um þunglyndi. Þátttakendur voru ýmist nemendur úr Háskóla Íslands 

eða úr almennu þýði. Þeir mættu í tvær heimsóknir til rannsakenda þar sem þeir fylltu út 

sjálfsmatskvarða og tóku þátt í tilraunainngripi sem ætlað var að meta hugnæmi og 

tilfinningastjórn. Niðurstöður: Samkvæmt sjálfsmatskvarðanum LEIDS-R var 

tilraunahópurinn með meira hugnæmi en samanburðarhópurinn. Í kjölfar tilraunainngrips varð 

í hvorugum hópnum vart breytinga á neikvæðum viðhorfum, sem gefur til kynna að ekkert 

hugnæmi hafi verið til staðar. Samkvæmt sjálfsmatskvarðanum RRS hafði tilraunahópurinn 

ríkari tilhneigingu til þunglyndisþanka en samanburðarhópurinn. Samkvæmt 

sjálfsmatskvarðanum DERS átti tilraunahópurinn í meiri erfiðleikum við tilfinningastjórn en 

samanburðarhópurinn. Í hvíld kom enginn munur á hópunum fram í breytileika á hjartslætti. 

Meðan á tilraunainngripi stóð minnkaði breytileiki í hjartslætti hjá fyrrum þunglyndum 

háskólanemum, á meðan hann jókst hjá háskólanemum án sögu um þunglyndi. Aftur á móti 

kom enginn marktækur munur fram á hópunum í almennu þýði. Ályktun: Niðurstöður styðja 

að hugnæmi, þunglyndisþankar og tilfinningastjórn séu mögulegir næmisþættir í þunglyndi 

sem séu til staðar jafnvel þegar þunglyndir einstaklingar eru ekki í þunglyndislotu. Þar að auki 

bentu niðurstöðurnar til þess að mismunandi matsaðferðir (sjálfsmatskvarðar og 

tilraunainngrip) sem ætlað er að mæla sama næmisþáttinn gefi af sér ólíkar niðurstöður. Það 

gefur til kynna að þegar rannsóknir á næmisþáttum í þunglyndi eru skoðaðar sé mikilvægt að 

taka mið af því hvaða matsaðferðir hafi verið notaðar hverju sinni.   
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IIntroduction  

Major depressive disorder (MDD) is a global mental health challenge with lifetime prevalence 

rates most commonly ranging from 8 to 12% (Andrade et al., 2003) and an estimated 350 

million people affected worldwide (World Health Organization [WHO], 2015). MDD has the 

third highest burden of disease in the world and is predicted to rise to the first place by 2030 

(WHO, 2008). It is associated with a range of detrimental effects including decreased physical 

and psychosocial well-being, decreased job productivity, and increased absence from work 

(Barlow & Durand, 2014; Burcusa & Iacono, 2007; Winans & Bettinger, 2004), and about 

twenty times higher suicide rate (Harris & Barraclough, 1997). A clear goal of mental health 

research is seeking a better understanding of the nature and causes of the disorder to treatment 

effectiveness.  

Research has shown that MDD is a highly recurrent disorder with high relapse (i.e. return 

of symptoms before recovery has been achieved) and recurrence (i.e. new episode onset after 

recovery has been reached) rates, which increase with each episode (APA, 2013; Barnhofer & 

Crane, 2009; Kupfer, Frank, & Wamhoff, 1996; Monroe & Harkness, 2012; Solomon et al., 

2000). As a result, research has focused on the nature and causes of depression with the aim to 

prevent or reduce incidence rates. However, research has shown that risk factors for first 

episodes and vulnerabilities for recurrence of depression may be different (Burcusa & Iacono, 

2007; Lewinsohn, Allen, Seeley, & Gotlib, 1999). At least two reviews (Burcusa & Iacono, 

2007; Hardeveld et al., 2010) have considered the most commonly known risk factors in 

depression and analyzed them in terms of whether they convey risk for onset or recurrence. 

Possible risk factors for first-onset of depression include: female gender, low socio-economic 

status (SES), marital status, comorbid psychiatric disorders, family history of depression, and 

stressful life events (Birmaher et al., 2004; Burcusa & Iacono, 2007; Hardeveld, Spijker, De 

Graaf, Nolen, & Beekman, 2010). Demographic factors such as gender, age, SES and marital 

status seem to be unrelated to episode recurrence (Burcusa and Iacono, 2007; Hardeveld et al., 

2010). However, age at onset, lifetime number of depressive episodes, and severity of first 

episode all appear to be related to increased risk for recurrence in depression (Burcusa and 

Iacono, 2007; Hardeveld et al., 2010). Differentiating patients with increased risk of 

recurrences from those with low risk and treat them accordingly, should improve both the 

efficacy and the efficiency of mental health care.  
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 Cognitive reactivity 
Empirical examination of the fundamental components of cognitive theories of depression 

shows a general consensus that cognition is an important component of depression (Haaga, 

Dyck, & Ernst, 1991; Ingram, Miranda, & Segal, 1998) and so-called dysfunctional 

cognitions seem to be key factors that cause and maintain depressive episodes (Alloy et al., 

1999). Essential concept in such cognitive theories is the idea of cognitive vulnerability and 

its interaction with negative life events. This interaction is the central premise of the well-

supported diathesis-stress perspectives (Scher, Ingram, & Segal, 2005). They suggest that 

dysfunctional cognitions can exist in a latent state during remission and activate during 

stressful life events (Beck, Rush, Shaw, & Emery, 1979) or dysphoric mood states (van der 

Does, 2002). This activation is then hypothesized to bring about the processes that make 

people vulnerable to depression (Beck, 1967; Teasdale, 1988). Furthermore, activation of later 

episodes of depression seems to require milder incidents of negative events than earlier 

episodes, suggesting sensitization (Kendler, Thornton & Gardner, 2000; Mitchell, Parker, 

Gladstone, Wilhelm, & Austin, 2003; Post, 1992). Cognitive theorists have proposed that this 

sensitization and increased risk of recurrence is caused by increased cognitive reactivity 

(Segal, Williams, Teasdale & Gemar, 1996).  

Cognitive reactivity is a central premise of Teasdale's (1988) differential activation 

hypothesis and refers to the degree to which negative cognitive content and maladaptive 

patterns of cognitive processing are triggered by mild (non-pathological) mood fluctuations 

(Lau, Segal, & Williams, 2004). There is substantial evidence supporting Teasdale's 

hypothesis (Lau, Segal, & Williams, 2004) where cognitive reactivity is assumed to be the 

observable outcome of an underlying differential activation process that has occurred over the 

learning history of the individual. According to the hypothesis, a mild or short-lived 

dysphoria can persist and become clinical depression if a reciprocal relationship between the 

depressed state and negative thinking is established (Moulds, Kandris, Williams, Lang, Yap, 

& Hoffmeister, 2008). In remission, individuals with and without depression may appear 

similar on measures of negative cognitions. However, when negative affect is activated, 

vulnerable people should show maladaptive cognitions while non-vulnerable people should 

not. Presupposing that, most cognitive reactivity studies have relied on the use of negative 

mood priming procedures.  

The most common way to induce sad mood is by having participants listen to a piece of 

sad music while they recall a negative autobiographical memory (Moulds et al., 2008). 
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Cognitive reactivity is then measured as the magnitude of change on the two parallel forms of 

the Dysfunctional Attitude Scale (DAS; Weissman, 1979) following a sad mood induction. 

Another measure supposed to index cognitive reactivity is the self-report Leiden Index of 

Depression Sensitivity (LEIDS). A number of studies have now supported these ideas and 

shown that cognitive reactivity is associated with depression vulnerability (for a review, see 

Scher et al. 2005) and can serve as a predictor of onset, relapse and recurrence of depression 

(Beevers, Ellis, & Reid, 2011; Figueroa et al., 2015; Kruijt et al., 2013; Segal et al., 2006). 

Cognitive reactivity has also been linked with biological indices of depression vulnerability 

(Booij & van der Does, 2007; Antypa & van der Does, 2010).  

Mood induction studies, comparing formerly depressed and never depressed, have shown 

that subjects with previous episodes of depression report more change in dysfunctional 

attitudes following mood induction, than never depressed, indicating more cognitive reactivity 

(Brockmeyer et al., 2012; Gemar, Segal, Sagrati, & Kennedy, 2001; Merens, Booij, & van 

Der Does, 2008; Miranda & Person, 1988). Interestingly, Miranda, Gross, Persons and Hahn 

(1998) reported the same results, but also found that the never depressed group actually 

reported decreased dysfunctional attitudes following the mood induction. However, there are 

studies that have observed cognitive reactivity but no difference between formerly depressed 

and never depressed participants (van der Does, 2005) or no increase in dysfunctional 

attitudes following mood induction  (e.g., Rijsbergen et al., 2013; Jarrett et al., 2012).  

An important part of cognitive reactivity research is its predictive value for onset, relapse 

or number of depressive episodes. Two studies conducted on formerly depressed individuals 

who had received therapy, found that cognitive reactivity, measured as change in 

dysfunctional attitudes following mood induction, was predictive of depressive relapse over 

18 and 30 months (Segal, Gemar, & Williams, 1999; Segal et al., 2006). In contrast, Jarret et 

al. (2012) found no evidence of cognitive reactivity, but higher dysfunctional attitudes before 

mood induction did predict relapse/recurrence over 20 and 32 months. The findings of 

Rijsbergen et al. (2013) support these results, but also show that increases in cognitive 

reactivity over time can predict time to relapse.   

Van der Does (2005) showed that total scores on the LEIDS questionnaire distinguished 

between groups of formerly and never depressed participants, with the previously depressed 

scoring higher on this questionnaire  (van der Does, 2005). Another study using the LEIDS 

found that scores were associated with time to relapse over a 3.5-year follow-up interval, even 

when controlling for number of previous episodes and concurrent depressive symptoms 
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(Figueroa et al., 2015). With 834 never depressed individuals, a prospective study supported 

this predictive value of the LEIDS by predicting depression incidence over a two-year period, 

even when depression-related variables were controlled for (Kruijt et al., 2013). 

  
 Depressive rumination 
Depressive rumination is another established vulnerability factor for depression. Rumination 

is defined as a “mode of responding to distress that involves repetitively and passively 

focusing on symptoms of distress and on the possible causes and consequences of these 

symptoms” (Nolen-Hoeksema, Wisco, & Lyubomirsky (2008, p. 400). Rumination and 

cognitive reactivity both represent ways in which individuals respond to low mood, but while 

cognitive reactivity refers to the activation of negative patterns of thinking in response to 

negative affect, rumination refers to a specific style of thinking. However, the two concepts 

have been shown to be positively correlated (Moulds et al., 2008). According to the response 

styles theory of depressive rumination (Nolen-Hoeksema, 1991), people’s responses or 

reactions to depressive symptoms will determine the duration and course of the depression. 

Thus, individuals who respond to low mood by ruminating about causes and consequences of 

the negative mood are more likely to remain depressed (Ciesla & Roberts, 2007; Morrow & 

Nolen-Hoeksema, 1990). When ruminating during sad mood, people recall more negative 

memories from the past, experience their present situation worse, and think more negatively 

about their future (Lyubomirsky, Caldwell, & Nolen-Hoeksema, 1998; Lyubomirsky & 

Nolen-Hoeksema, 1993, 1995). In addition, when people try to problem solve during 

depressive ruminating, the solutions tends to be worse than when they are not ruminating 

(Lyubomirsky & Nolen-Hoeksema, 1995). These processes, given enough time, can then turn 

a dysphoric mood into a major depressive episode. Recent research has indicated that there 

are two distinct types of rumination: brooding and reflecting pondering (Armey et al., 2009; 

Treynor, Gonzalez, & Nolen-Hoeksema, 2003). Brooding is proposed to be a maladaptive and 

passive comparison of one’s current situation with some unachieved standard; in contrast, 

reflective pondering is proposed to be an adaptive response to negative events and mood 

states where the individual deliberately turns inward to engage in cognitive problem-solving 

to reduce depressive symptoms (Treynor et al., 2003). To date, the most widely used measure 

of rumination is the Ruminative Response Scale (RRS; Nolen-Hoeksema & Morrow, 1991), 

which is a subscale the Response Styles Questionnaire (RSQ; Nolen-Hoeksema & Morrow, 

1991), both of which are self-report measures. 
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A large body of research has supported the relationship between rumination and major 

depression, confirming its debilitating effects on the patient (for overviews see Nolen-

Hoeksema et al., 2008; Smith & Alloy, 2009; Watkins, 2008). This ruminative thinking style 

has been linked with vulnerability to the onset of depression, the recurrence of depressive 

episodes, and the maintenance of negative affect (Nolen-Hoeksema, 2000; Nolen-Hoeksema 

et al., 2008; Roberts, Gilboa, & Gotlib, 1998). In addition, it has also been demonstrated that 

more ruminative thinking aggravates the negative affect and hinders relief of depressive 

symptoms (Morrow & Nolen-Hoeksema, 1990). As for predictive value of rumination, it has 

been shown to prospectively predict onset, severity, and the duration of depression (Alloy et 

al., 1999) and has been associated with relapse (Michalak, Holz, & Teismann, 2011; Nolen-

Hoeksema & Morrow, 1991; Farb, Anderson, Bloch, & Segal, 2011). A study by Nolen-

Hoeksema, Morrow and Fredrickson (1993) found that the more rumination people reported, 

the longer their depressed mood lasted, even after controlling for initial severity of the 

depressed mood. A longitudinal analysis by Treynor et al. (2003) revealed that the reflection 

factor of rumination was associated with less depression over time, but the brooding factor of 

rumination was associated with more depression both concurrently and over time.  

  
 Emotion regulation 
A clear influential factor in depression involves the strategies people use to regulate emotions 

(Compare, Zarbo, Shonin, Gordon, & Marconi, 2014), and depression has been termed a 

disorder of impaired emotion regulation (Joorman & Gotlib, 2010). Emotion regulation (ER) 

has been defined as a set of cognitive processes by which individuals adjust their emotional 

experiences, expressions, and subsequent physiological responses (Aldao, 2013). Studies have 

consistently shown that ineffective or inappropriate emotion regulation is associated with the 

development and maintenance of depression (e.g. Campbell-Sills, Barlow, Brown, & 

Hofmann, 2006a; Ehring, Fischer, Schnulle, Bösterling, & Tuschen-Caffier, 2008; Kashdan, 

Barrios, Forsyth, & Steger, 2006; Pfeiffer, Kaemerrer, Mearns, Catanzaro, & Backenstrass, 

2011), and a longitudinal study by Kuppens et al. (2012) revealed that difficulties in emotion 

regulation predicted clinical depression 2.5 years later. Depressed people report a more 

frequent use of dysfunctional emotion regulation strategies, such as suppression, rumination, 

and catastrophizing (Campbell-Sills, Barlow, Brown, & Hofmann, 2006b; Garnefski & 

Kraaij, 2006; Gross & John, 2003), and have more difficulties utilizing adaptive emotion 

regulation strategies than controls (Liverant, Brown, Barlow, & Roemer, 2008). By using 
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inefficient emotion regulation strategies, people experience diminished positive affect, less 

wellbeing and more depressive symptoms, while people who use more adaptive strategies 

show the reverse (Gross & John, 2003). For example, reappraisal has been associated with 

less depression, more optimism, higher self-esteem, and more subjective wellbeing, while 

suppression, has yielded the opposite (Gross & John, 2003).  

Cognitive reactivity and rumination have also been linked with emotion regulation. One 

study found that two specific mood regulation processes appear differently in vulnerable and 

non-vulnerable individuals, and they seemed to account for differences in cognitive reactivity 

(Brockmeyer et al., 2012). It has been suggested that cognitive reactivity and emotion 

regulation might be associated through difficulties with disengagement from negative content 

during information processing (Compton 2000; Ellenbogen, Schwartzman, Stewart, & 

Walker, 2002). Thus, individuals at increased risk for depression may be unable to disengage 

from negative thinking that is triggered by dysphoric mood, and possibly end up with 

persistent negative thinking (Brockmeyer et al. 2012). Research results and a number of 

authors also suggest that rumination may be a misguided emotion regulation strategy (e.g. 

Ehring & Ehlers, 2014; Nolen-Hoeksema, Wisco, & Lyubomirsky, 2008; Zawadzki, 2015), 

and individuals engage in rumination in an attempt to alleviate negative mood (Papageorgiou 

& Wells, 2001). According to a recent meta-analysis, ruminative emotion regulation strategies 

may even have the strongest relationship with psychopathology compared to other emotion 

regulation strategies (Aldao, Nolen-Hoeksema, & Schweizer, 2010). 

 Heart rate variability 
Heart rate variability (HRV) is considered a psychophysiological marker of overall health and 

wellbeing (Kemp & Quintana, 2013). It is a reliable index of the many physiological factors 

regulating the normal rhythm of the heart, and reflects the interplay between the two branches 

of the automatic nervous system; the sympathetic (SNS) and parasympathetic (PNS) nervous 

systems. A lot of research has linked HRV with emotion regulation, indicating that it's an 

indirect measure of people’s ability to regulate emotion (Appelhans & Luecken, 2006; Thayer 

and Lane 2000; Williams et al., 2015). With the parasympathetic branch acting faster than the 

sympathetic branch, more parasympathetic activity results in greater HRV. Effective 

emotional regulation requires being able to flexibly adjust physiological responses to a 

changing environment (Appelhous, & Luecken, 2006), so it was speculated that greater 

parasympathetic influence on the heart should lead to more effective emotion regulation, and 

vice versa. A physiological parameter that provides a noninvasive index of parasympathetic 
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activity is called respiratory sinus arrhythmia (RSA). RSA represents the periodic fluctuations 

in heart rate that are linked to breathing, providing a noninvasive index of parasympathetic 

activity. HRV research using RSA has mostly focused on two different measures: RSA level 

(usually measured in a resting state), and RSA fluctuation (usually measured in response to a 

stressor). RSA level and RSA fluctuation have both been linked with emotion regulation 

capacity (Porges, 2007), with resting RSA supposed to reflect emotional responsivity, and 

RSA fluctuations reflecting self-regulatory efforts and mood state (Beauchaine, 2001; Frazier, 

Strauss, & Steinhauer, 2004; Porges, 1995). 

Most research on HRV and depression has been conducted in samples of cardiac patients, 

with the overall findings suggesting an association between depression and reduced levels of 

resting HRV (for an overview see Carney & Freedland, 2009; Stein et al., 2000). In research 

on healthy subjects (without cardiac disease), results have not been as consistent with 

depressed patients either showing reduced resting HRV (Agelink, Boz, Ullrich, & Andrich, 

2002; Guinjoan, Bernabo, & Cardinali, 1995) or no difference compared to controls (Moser et 

al., 1998). A review by Beauchaine (2001) showed that high levels of resting RSA are 

associated with physiological flexibility, which is positively correlated with emotion 

regulation (Thayer, Ahs, Fredrikson, Sollers, & Wager, 2012). Supporting that, Fabes and 

Eisenberg (1997) found higher levels of resting RSA being associated with greater self-

reported emotion regulation. Relating to depression, contradicting these results, another study 

found that higher RSA levels predicted non-recovery from depression, even when controlling 

for possible confounding variables (Rottenberg, Wilhelm, Gross, & Gotlib, 2002). An 

extensive review of this research area revealed a reliable but small overall effect of depression 

on RSA levels (Rottenberg, 2007). These inconsistent results may likely be explained by 

several methodological shortcomings, like differences in HRV measurements, inadequate 

statistical analysis or differences in sample characteristics.  

Due to the discrepancy in results on resting HRV and because stress has predictable effects 

on parasympathetic tone, researchers have begun measuring fluctuations in HRV following 

some kind of psychological stressors (e.g. mood induction). This literature is much smaller 

and has yielded mixed results. Studies conducted in samples of healthy adults have found that 

RSA decreases during psychological stressors (Hansen, Johnsen, & Thayer, 2003; Houtveen, 

Rietveld, & De Geus, 2002) and by induction of negative mood (Thayer, Friedman, & 

Borkovec, 1996). Another study found no differences in RSA fluctuations when normal adults 

watched either positive or negative films (Frazier et al., 2004). Studies using either patients 
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with cardiac disease or healthy subjects have shown that individuals with higher depression 

scores show significantly different patterns and more profound changes in HRV, during mild 

psychological provocation, than control groups (e.g., Hughes & Stoney, 2000; Sheffiel et al., 

1998). Another study, which controlled for relevant covariates found blunted RSA fluctuation 

during a stressor task in depressed individuals that disappeared when sleep quality was used 

as a covariate (Bylsma et al., 2014). An interesting study by Panaite et al. (2016) found that 

robust RSA reduction during a sad film predicted improvement in depressive symptoms over 

30 weeks. As pointed out by Butler, Wilhelm, and Gross (2006), the inconsistencies in results 

between studies may be partially due to measurement error and confounding influences.  

In relation to rumination, higher levels of rumination have been associated with lower 

levels of HRV and women at high risk for future depression have shown greater levels of 

rumination and lower levels of HRV (Woody, McGeary, & Gibb, 2014). Cognitive reactivity 

has also been linked with HRV with research showing that lower HRV is associated with 

greater change in dysfunctional attitudes, following mood induction (Beevers et al., 2011). 

 

Aims of the present study 

Rumination and cognitive reactivity are both well-established vulnerability factors for 

depression, representing ways in which individuals respond to low mood. Emotion regulation 

has also been shown to play a role in the development and maintenance of depression with 

HRV as a physiological marker of regulation efficiency. Studies have implied that rumination 

and cognitive reactivity are linked with emotion regulation but few studies have examined 

these three concepts together. In this study, cognitive reactivity, rumination, and emotion 

regulation will be explored with emphasis on group difference between formerly depressed 

and never depressed individuals. It is hypothesized that (1) the formerly depressed will show 

greater cognitive reactivity than the never depressed, measured with LEIDS-R and with an 

experimental manipulation of sad mood; (2) the formerly depressed will exhibit higher levels 

of rumination than the never depressed, measured with the RRS; and (3) the formerly 

depressed will show less emotion regulation ability and efficiency, than the never depressed, 

as indicated by greater scores on a self-report measure of ER difficulties (DERS) and lower 

baseline HRV scores. HRV fluctuations during sad mood induction (during experimental 

manipulation of CR) will be investigated as well. However, because of conflicting results 

from previous research on the relationship between HRV fluctuation and depression, these 

analyses will be exploratory since no specific predictions can be made.  
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Method 
 

 Participants 
Participants were 87 volunteers and consisted of students at the University of Iceland and 

individuals from the general population. All participants had to be between 18 and 65 years 

old. University students were recruited by e-mail invitations that were sent to all registered 

students at the university. Participants from the general population were recruited through 

advertisements in the media. Participants first took part in a short online survey as a screening 

procedure, before participating in a formal assessment interview. A total of 136 individuals 

were scheduled for a formal interview. Of them, 49 participants were excluded based on 

inclusion and exclusion criteria (see below) for either group and were compensated 2000 ISK 

for their participation. The final sample consisted of 87 participants (24 male and 63 women) 

with the mean age of 31.7 years (SD =11.4). Forty six participants were students at the 

University of Iceland (13 male and 33 female) with the mean age of 26.3 years (SD = 6.9) and 

41 were from the general population (11 male and 30 female) with the mean age of 37.9 (SD 

= 12.4). The formerly depressed group consisted of 44 participants (10 male and 34 female) 

with the mean age of 33.3 (SD = 12.0) and the never-depressed group (control group) 

consisted of 43 participants (14 male and 29 female) with the mean age of 30.1 (SD = 10.7).   

The primary inclusion criterion in the experimental group was the presence of at least one 

past episode of MDD, as defined by the DSM-IV diagnostic criteria (APA, 2000). Participants 

meeting criteria for current MDD episode were excluded as well as those with BDI-II scores 

greater than 14 (moderate or greater severity of depression symptoms). Other exclusion 

criteria for this group were diagnosis of current or past bipolar disorder, lifetime or current 

psychotic disorder, alcohol or substance dependence during the last 12 months, and active 

suicidal ideation. The primary exclusion criterion for the control group was any diagnosis of a 

current mental disorder or lifetime history of MDD. Excluding factors for both groups were 

pregnancy and diagnoses of any cardiovascular disease, as reported by participants them self. 

No restrictions were applied concerning medication or psychological treatment. 

 Measures 

 Screening procedure 
Participants first completed an online survey, which consisted of seven questions relating to 

the primary exclusion criteria. Questions concerned the two main symptoms of major 
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depression (depressed mood and decreased interest) and whether participants had experienced 

them during their lifetime and/or the last month. In addition, participants were asked whether 

they had been diagnosed with a cardiac disease or took any drugs affecting the cardiovascular 

system. Finally, females were asked if they were pregnant. This questionnaire was either 

completed by participants online or during a phone call by one of the researchers. Those who 

were not excluded were contacted by phone and given an appointment with one of the 

researchers for further participation.  

 Background information 

An 11-item background questionnaire was constructed by the researchers, to obtain 

information about age, gender, educational level, marital and occupational status. It also 

included questions about health related issues such as cardiovascular diseases, tobacco use, 

alcohol and caffeine consumption, and physical exercise.  

 Treatment history 

A structured interview was constructed by the researchers to obtain information about 

participants’ present and previous psychiatric treatments. The questions pertained to types of 

psychotropic treatments, psychological treatments and treatment modality (group vs. 

individual). Participants were also asked whether they had ever been hospitalized due to 

mental health issues and if so, how often. Finally, they were asked whether they had been 

diagnosed with diabetes; whether they were or ever had taken blood pressure medication or 

other medications.  

 Symptom based measures 

 Beck Depression Inventory-II (BDI-II; Beck, Steer, & Brown, 1996)  

The BDI-II is a widely used self-report questionnaire designed to assess depression severity. 

It consists of 21 items and measures the presence and severity of cognitive, motivational, 

affective, and somatic symptoms of depression (on a 4-point scale ranging from 0 to 3). The 

measure has demonstrated good psychometric properties (Beck et al., 1996; Dozois, Dobson, 

& Ahnberg, 1998; Sprinkle et al., 2002). The Icelandic translation has also been shown to 

have good psychometric properties (Arnarson, Ólason, Smári & Sigurðsson, 2008).  

 Beck Anxiety Inventory (BAI; Beck & Steer, 1990)  

BAI is a 21-item self-report questionnaire that measures common symptoms of clinical 

anxiety. Respondents indicate the degree to which they are bothered by each symptom on a 4-

point scale ranging from 0 ('not at all') to 3 ('severely'). The BAI has been shown to have good 
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psychometric properties (Fydrich et al. 1992; Steer, Ranieri, Beck, & Clark, 1993). BAI was 

translated to Icelandic by Jón F. Sigurðsson and has been shown to have acceptable 

psychometric properties (Sæmundsson et al., 2011).  

 Depression history and psychiatric status 

 Mini-International Neuropsychiatric Interview 5.0.0 (MINI; Sheehan et al., 1998) 
 The MINI is a structured diagnostic interview for psychiatric disorders according to DSM-IV 

and ICD-10 criteria. MINI has been shown to have good psychometric properties (Amorim, 

Lecrubier, Weiller, Hergueta, & Sheehan, 1998; Lecrubier et al., 1997; Sheehan et al., 1998). 

MINI was translated to Icelandic by Pétur Tyrfingsson and has been shown to have good 

psychometric properties (Sigurðsson, 2008). The criterion validity of parts of the Icelandic 

translation is good for alcohol dependence, acceptable for anxiety, depression and dysthymia, 

but low for panic disorder and bulimia (Sigurðsson, 2008). In the present study, a composite 

version of the MINI and the depression module of MINI-plus were employed, with additional 

questions about age of onset, number and duration of previous episodes.  

 Cognitive Reactivity 

 Leiden Index of Depression Sensitivity (LEIDS-R; van der Does & Williams, 2003)  
The LEIDS-R is a 34-item self-report measure that indexes cognitive reactivity in response to 

low mood. Participants are instructed to think about the last time they felt 'somewhat sad', and 

to indicate the degree to which a list of statements describe their typical cognitions and 

behaviors in response to sad mood. A recent study concluded that the LEIDS-R has good 

psychometric properties but found evidence of an alternative factor structure (Solis, Antypa, 

Conijn, Kelderman, & van der Does, 2016). In this study, an Icelandic translation by 

Sveinsdóttir and Ólafsson (2011) was used. Reliability of the total score was good but the 

results also indicated a different factor structure compared to the original version 

(Ellertsdóttir, 2015). 

 Dysfunctional Attitudes Scale - v. A and B (DAS-A/B; Weissman & Beck, 1978) 

The DAS assesses an individual’s assumptions about him or herself. The self-report 40-item 

measure asks patients to rate statements on a 7-point Likert scale, with higher scores 

indicating both a greater number and larger severity of dysfunctional beliefs. The change in 

DAS scores before and after mood induction was used as a measure of cognitive reactivity. 

DAS has good psychometric properties (Rogers et al., 2009) although research has indicated 

that the two forms might not be completely parallel (Oliver & Baumgart, 1985; Power et al., 
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1994). The Icelandic translation has been shown to have acceptable psychometric properties 

but with some inconsistency between the two forms (Guðmundsóttir & Rögnvaldsóttir, 2015).   

 Experimental task  

While participants sat in front of a computer screen in a quiet room, sad mood was induced by 

a combination of music and autobiographical recall. The music used was 'Russia Under the 

Mongolian Yoke' by Prokofiev, from the film Alexander Nevsky, re-mastered at half speed. It 

was presented through headphones and lasted about eight minutes. Participants were also 

instructed to think of a time in their lives when they felt sad. This orchestral piece was first 

used by Clark and Teasdale (1985) and has been found to be an effective mood challenge by 

others (Lethbridge & Allen, 2008; Segal, Gemar, & Williams, 1999). Combining the elements 

of the song and the sad autobiographical recall has also been found to be effective in bringing 

on transient dysphoric mood states (Martin, 1990).  

Mood was measured before the baseline period and after the mood induction using a 

Visual Analogue Scale (VAS; Gemar, Segal, Sagrati, & Kennedy, 2001). Participants marked 

a vertical pen stroke on a 151 mm long line with fixed-end anchor descriptors of 'happy' on 

the right and 'sad' on the left. It was made sure that the participants reported their current 

mood at that particular moment. All distances were measured from the left end of the line, 

with lower measurements indicating more intense sadness, and higher measurements 

indicating more intense happiness.  

 Depressive rumination 

 Ruminative Response Scale (RRS; Nolen-Hoeksema & Morrow, 1991) 

RRS is a subscale of the Response Styles Questionnaire (Nolen-Hoeksema & Morrow, 1993) 

consisting of 22 items and was designed to index the tendency to ruminate in response to 

depressed mood. Respondents report the frequency with which thoughts or behaviors occur 

when they are feeling sad, down, or depressed. RRS consists of three subscales (Treynor, 

Gonzales, & Nolen-Hoeksema, 2003): depression-related rumination (12 symptom-focused 

items), depressive brooding (5 self-focused items) and reflection (5 problem solving and 

analyzing items). Only the brooding and reflective pondering scales are used in the present 

study and subsequently, RRS will refer to the combined scores on them. The RRS possesses 

acceptable psychometric properties (Nolen-Hoeksema & Morrow, 1991). The Icelandic 

translation has been shown to have psychometric properties comparable to the original 

version (Pálsdóttir & Pálsdóttir, 2008).  



  

21 

 Emotion regulation 

 Difficulties in Emotion Regulation Scale (DERS; Gratz & Roemer, 2004)  
The DERS is designed to measure different facets of difficulties in emotion regulation with 

36-items and six following subscales:  (1) non-acceptance of emotional responses 

(nonacceptance); (2) difficulties engaging in goal-oriented behavior when experience negative 

emotions (goals); (3) difficulties in controlling impulsive behavior when experiencing 

negative emotions (impulse); (4) lack of emotional awareness (awareness); (5) lack of 

strategies to regulate emotions (strategies); (6) lack of emotional clarity (clarity). The measure 

has good psychometric properties (Gratz & Roemer, 2004). In this study, an Icelandic 

translation by Ívar Snorrason and Ragnar P. Ólafsson was used. The Icelandic version has 

good psychometric properties with high internal consistency and factor structure comparable 

to the original version (Oscares & Magnúsdóttir, 2009; Snorrason, Smári & Ólafsson, 2010). 

 Physiological assessments  

HRV and respiration were monitored during the experimental assessment of cognitive 

reactivity (see below), both during baseline and mood induction. Prior to recording, it was 

ensured that the participant was seated upright, comfortable, and in a resting position. The 

baseline period was 10 minutes total and HRV was calculated for the latter five minutes. The 

mood induction procedure was eight minutes and HRV was calculated the entire time. Data 

was obtained using a Biopac MP 150 system and AcqKnowledge 4.1 software (Biopac 

Systems, Inc.). The signals were sampled at 1000 Hz per channel and processed with 

ANSLAB v4.0 software (Wilhelm & Peyk, 2005).  

 Heart rate variability  

Electrocardiographic activity (ECG) was recorded with a Biopac ECG100C 

Electrodcardiogram amplifier (Biopac Systems Inc., Santa Barbara, CA). Two disposable 

silver-silver chloride electrodes were placed below the right collar bone and low on the left 

side of the torso in a modified Lead II configuration. As described, RSA will be used as an 

index of the parasympathetic activity.  

RSA was calculated using the ANSLAB v4.0 software (Wilhelm & Peyk, 2005). R-wave 

markers in the ECG signal were evaluated for artifacts by visual inspection. Suspected 

artifacts due to movement noise or subclinical arrhythmias were corrected manually. This 

approach accords with current guidelines for frequency domain methods to determine HRV 

(Berntson et al., 1997; Task Force, 1996). To arrive at minute-by-minute estimates of HRV 

and RSA, a 60-second time series of inter-beat intervals (IBIs: the time in milliseconds 
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between sequential ECG R spikes) was created from an interpolation algorithm that had a 

250-ms sample time. This 60-second IBI time series was (a) linearly-detrended, (b) mean-

centered, and (c) tapered using a Hanning window. Spectral-power values were determined 

(in ms2/Hz) with fast Fourier transformations, and the power values in the 0.15–0.50 Hz 

spectral bandwidth were integrated (ms2). These spectral-power values were then natural-log 

transformed prior to statistical analyses because of distributional violations. The natural-

logged spectral-power value in the 0.15–0.50 Hz bandwidth was the indicator of RSA for 

each experimental epoch. 

 Respiration  

Respiratory activity was recorded with a Biopac TSD201 Respiratory Effort Transducer 

connected to a Biopac RSP100C Respiration Amplifier (Biopac Systems Inc., Santa Barbara, 

CA). The transducer consists of an elastic belt attached to a strain gauge that generates an 

electric signal proportional to the amount of tension on the belt. Changes in chest 

circumference due to breathing alter belt tension. The belt was wrapped around the subject at 

the approximate height of the sternum and fastened to be snug but not uncomfortably tight. 

The subject was asked to take several deep breaths while the signal was examined to ensure 

that it rose and fell with respiration without exceeding maximum range. The ANSLAB 

software package was used to calculate respiration rate from spectral analysis of the RSP100C 

respiration signals. Automated analysis of the peaks and troughs in the respiration signals 

yielded respiratory frequency. Mean number of breaths per minute was calculated for each 

participant. These variables were used as a control variable to analyze the contribution of 

respiration to observed RSA values.  

 Other self-report measures administered 

In addition to the self-report measured described above, the following measures were also 

administered but not used in the current analyses:  Childhood Traumatic Event Scale 

(Pennebaker & Susman, 1988), Recent Traumatic Event Scale (Pennebaker & Susman, 1988), 

Self-Report Habit Index (Verplanken & Orbell, 2003), Type D Scale-14 (Denolett, 2005), The 

Experiences Questionnaire (EQ; Fresco et al., 2007), The Emotion Reactivity Scale (ERS; 

Nock, Wedig, Holmberg, & Hooley, 2008), and an abbreviated 8-item version of the Penn 

State Worry Questionnaire (PSWQ-A; Hopko et al., 2003). 
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 Design 
This study involves a between subject design comparing two groups (experimental and 

control). The experimental group consists of individuals with history of depression but who 

are in remission. The control group consists of individuals without such history.  

 Procedure 
Participants first completed an online survey, which consisted of seven questions relating to 

the primary exclusion criteria. Those who were not excluded were contacted by phone and 

given an appointment with one of the researchers for further participation.  

Following recruitment, participants met with one of the researchers for a more elaborate 

screening assessment. After providing written informed consent, participants completed a 

package of self-report questionnaires (described above) in a counterbalanced order, to counter 

potential order effects. The package included the following self-report questionnaires: general 

background information; BAI; BDI-II; ERS; DERS; CTES; and RTES. Subsequently, 

treatment history was assessed before administering the MINI interview.  If participants met 

inclusion criteria in the study, they were scheduled for a second test setting within one week 

from the assessment interview. Others were paid 2000 ISK and thanked for their participation.  

At the start of the testing-session, participants sat in a quiet room and completed a package 

of self-report questionnaires (described above) and went through a mood induction procedure 

(MIP; described above). The questionnaire package included the following questionnaires, 

which were posed in a counterbalanced order: PANAS-IS; PSWQ; RRS; EQ; LEIDS-R; and 

DS-14. After that, participants completed a series of computerized tasks designed to measure 

the tendency for habitual responding. Next, HRV and respiration was measured while 

cognitive reactivity was assessed experimentally. First, the participants were sat down in front 

of a computer screen and asked to watch 10 minutes of a neutral nature documentary. During 

that time, baseline measures of HRV and respiration were attained. Then the mood induction 

procedure was administered, preceded and followed by the Visual Analogue Scale (VAS) and 

either DAS-A or DAS-B (the order of presentation of the DAS forms before and after the MIP 

was counterbalanced across participants). Participants were then debriefed and paid 5000 ISK.  

 Statistical analyses 
All statistical analyses was done using SPSS. Missing values were replaced with the mean 

item score for that particular case. Independent-samples t-tests, analysis of variance 

(ANOVA), analyses of covariance (ANCOVA) and bivariate correlations were performed.  
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Results 
 

 Demographic characteristics 
Descriptive statistics for demographic variables and background information are presented in 

Table 1 for both groups. Mean age and gender ratio was similar with more female participants 

in both groups. Marital status was comparable and no significant difference in job status was 

apparent. Educational level was higher in the FD group. 

 

Table 1. Descriptive statistics for demographics of both groups.  

  
Never-depressed  

   (ND group, n=43) 
Formerly-depressed 

   (FD group, n=44) 

Gender 

       Male 14 (32.6%) 10 (22.7%) 

     Female 29 (67.4%) 34 (77.3%) 
Age (SD) 30.14 (10.7) 33.27 (12.0) 

Marital status 
  

     Single  18 (41.9%) 17 (38.6%) 

     In a relationship 10 (23.3%) 13 (29.5%) 

     Cohabitation 7 (16.3%) 8 (18.2%) 
     Married 7 (16.3%) 6 (13.6%) 

     Other 1 (2.3%) - 
Work status 

  
     Student 29 (67.4%) 20 (45.5%) 

     Works full-time 13 (30.2%) 18 (40.9%) 
     Works part-time - 3 (6.8%) 

     Unemployed 1 (2.3%) 3 (6.8%) 
Education 

  
     Elementary school 1 (2.3%) 4 (9.1%) 

     Secondary school 25 (58.1%) 17 (38.6%) 
     University (B.Sc./B.A.) 13 (30.2%) 8 (18.2%) 

     University (Master) 4 (9.3%) 15 (34.1%) 
Comorbidity 

 
 

     Any anxiety disorder - 8 (18%) 

     Other disorders - 1 (2.2%) 

 Psychiatric symptoms 
On BDI-II, the FD group had a mean score of 7.18 (SD = 4.16) but the ND group a mean of 

3.54 (SD = 3.45). On the BAI the FD group had a mean score of 7.90 (SD = 6.64) but the ND 

group a mean of 3.96 (SD = 3.89). Independent samples t-tests demonstrated that the FD 
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group scored significantly higher than the ND group on both BDI-II, t(85) = 4.44, p < 0.001, 

and BAI, t(69.72) = 3.39, p = 0.001. An ANCOVA revealed that there was no significant 

difference in BAI scores between the groups when controlling for BDI-II scores, F(1, 86) = 

1.87, p=0.17. Therefore, BDI-II scores were used as a covariate in all subsequent analyses, 

unless otherwise indicated.  

 Cognitive reactivity 
It was hypothesized that the FD group would exhibit greater cognitive reactivity than the ND 

group, measured with a self-report measure (LEIDS-R) and with experimental manipulation 

of mood (mood induction procedure). Means and standard deviations of relevant measures for 

both groups are shown in Table 2.  

 

Table 2. Group differences in scores on cognitive reactivity measures in the study.  
               ND group            FD group 

 

  M  SD   M  SD 

LEIDS-R 30.86 15.15 49.74 14.86 

Mood pre-induction 11.35 2.26 11.28 2.73 
Mood post-induction 9.35 3.06 8.72 2.84 

DAS pre-induction 100.39 22.65 111.16 25.69 
DAS post-induction 100.25 22.74 109.79 25.67 

ND = Never-depressed; FD = Formerly-depressed; M = mean; SD = standard deviation; DAS = Dysfunctional     
Attitudes Scale; LEIDS-R = Leiden Index of Depression Sensitivity. 

 

 Self-report measures  

An ANCOVA revealed that there was a significant difference in LEIDS-R scores between the 

groups when controlling for BDI-II, F(1,84) = 19.89, p < 0.001, partial η² = 0.19. This 

supports the hypothesis that the FD group would report greater cognitive reactivity than the 

ND group, measured with LEIDS-R.  

 Mood induction  

Statistical analysis of VAS was done without controlling for BDI-II.  Effects of sad mood 

provocation was tested with a repeated measures ANOVA, revealing a statistically significant 

effect of time (pre vs. post mood induction) on self-rated mood, F(1,85) = 80.44, p < 0.001, 

partial η²=0.49. No significant main effect of group was found, F(1,85) = 1.26, p = 0.26, or an 

interaction between time and group, F(1,85) = 1.26, p = 0.26. These results indicate that the 



  

26 

mood induction procedure was successful in lowering self-rated mood, and this effect did not 

differ between groups.  

 Change in dysfunctional attitudes  

Testing cognitive reactivity following mood induction, a mixed-design ANCOVA revealed 

that there was no significant main effect of time, F(1,83) = 1.47, p = 0.23, nor group, F(1,83) 

= 0.92, p = 0.34. The interaction between time and group was also not significant, F(1,83) = 

0.73, p = 0.40. This indicates that there was no change in dysfunctional attitudes following the 

mood induction, a pattern that was observed in both groups. These results do not lend support 

to the hypothesis that the FD group would exhibit greater cognitive reactivity than the ND 

group.  

Mixed results were obtained regarding the hypothesis that FD group would show more CR 

than the ND group. Support was found with the LEIDS-R but not CR was measured in a 

mood-induction experimental task.  

 Depressive rumination 
It was hypothesized that the FD group would report more ruminative thinking than the ND 

group. Examining the two subscales separately, ANCOVAs revealed that there was a 

significant main effect of group both on the brooding rumination subscale and on the 

reflection subscale. On the brooding rumination subscale, the main effect of group was 

F(1,84) = 31.3, p < 0.001, η² = 0.27, with the FD group having a mean score of 10.3 (SD = 

2.7) and the ND group a mean score of 7.2 (SD = 1.5). The main effect of group on the 

reflection subscale was F(1,84) = 19.4, p < 0.001, η² = 0.19, with the FD group having a mean 

score of 11.1 (SD = 3.6) and the ND group a mean score of 7.8 (SD = 2.95). This supports the 

hypothesis that the FD group would report higher levels of rumination than the ND group. 

ANCOVAs examining each subscale while controlling for the other revealed that in both 

cases there was still a significant main effect of group. When controlling for the reflection 

subscale, scores on the brooding subscale were significantly different between the two groups 

(data not shown).  

 Emotion regulation 
It was hypothesized that the FD group would exhibit more difficulties in ER than the ND 

group, measured both with a self-report questionnaire (DERS) and with psychophysiological 

recording of resting state HRV and HRV changes during sad mood induction.  

 



  

27 

 Self-report measures  

Using the total scores on DERS, an ANVOCA revealed that there was difference between the 

groups with the FD group scoring significantly higher than the ND group, F(1,84) = 7.40, p = 

0.008, partial η² = 0.081, supporting the hypothesis of increased ER difficulties in FD 

participants. Individual ANCOVAs for each subscale of the DERS revealed that only two of 

them differentiated between the groups, with the FD group scoring higher on both non-

acceptance subscale, F(1,86) = 11.08, p = 0.001, partial η² = 0.12, and the strategies subscale, 

F(1,86) = 5.73, p = 0.02, partial η²=0.06. Table 3 shows scores for both groups on DERS and 

its subscales.  

 
Table 3. Group differences in scores on DERS.  

            ND group           FD group 

 

  M   SD   M  SD 

DERS 63.12 14.07 79.79 17.95 

   Nonacceptance 9.02 3.49 14.11 5.47 
   Goals 12.09 4.05 15.18 4.98 

   Impulse 8.75 2.47 11.38 4.58 
   Awareness 13.91 4.06 14.23 4.99 

   Strategies 11.95 4.70 16.20 4.91 

   Clarity 7.40 1.96 8.68 3.06 

ND = Never-depressed; FD = Formerly-depressed; M=mean; SD=standard deviation; DERS = Difficulties in 
Emotion Regulation Scale.   

 Heart rate variability  
When the HRV measures were processed, data gathering was still in progress and therefore 

HRV measures from seven participants are missing from this analysis. Following analysis 

compares 40 FD individuals and 40 ND individuals (43 from the university student sample 

and 37 from the general population sample). Because of the nature of RSA and known 

confounding effects of BMI, age and respiration, they were all used as covariates in the 

analyses of HRV. Independent samples t-tests showed that there was a marginally significant 

difference between the two groups in BMI, t(77) = 1.96, p = 0.054, but no difference in age, 

t(78) = 1,43, p = 0.16. The FD group had a mean BMI of 27.77 (SD = 5.79) and the ND group 

had a mean BMI of 25.22 (SD = 5.77). The mean age of the FD group was 34.15 (SD = 12.26) 

and the ND group had the mean age of 30.45 (SD = 10.89). 

In line with the literature, we hypothesized that baseline RSA levels would be lower in 

the FD group. An ANOVA on RSA level during the baseline period did not find a significant 

effect of group, F(1,77) = 0.29, p=0.59, partial η² = 0.004. The FD group had a mean baseline 
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RSA of 5.88 (SD = 1.53) and the ND group had a mean baseline RSA of 6.04 (SD = 1.13). An 

ANCOVA, including BMI, respiration and age as covariates, still did not find an effect of 

group, F(1,72) = 0.15, p = 0.70, partial η² = 0.002, with the FD group having a mean baseline 

RSA of 5.88 (SD = 1.55) and the ND group a mean baseline RSA of 6.05 (SD = 1.14). For 

exploratory purposes, this analysis was repeated separately in the samples of university 

students and participants from the general population, but similar results emerged (data not 

shown). Thus, contrary to the hypothesis, no group differences in resting state HRV were 

observed.   

Exploratory analyses were carried out on RSA fluctuations to the mood induction 

manipulation. A repeated measures ANCOVA was performed, using group (ND and FD) as a 

between-subjects factor, time (baseline and mood induction) as a within-subjects factor and 

BMI, age and respiration as covariates. The main effect of time, was not significant, F(1,70) = 

2,97, p = 0.89, partial η² = 0.041, nor the main effect of group, F(1,70) = 0.17, p = 0.68, 

partial η² = 0.002. However, the interaction between group and time was marginally 

significant, F(1,70) = 2.82, p = 0.098, partial η²  = 0.039. The FD group had a mean reduction 

in RSA of 0.070 (SD = 0.77) while the ND group had a mean increase in RSA of 0.08 (SD = 

0.42). Examining the means in this interaction, both in the whole sample and in each sub-

sample separately, revealed different patterns in the subsamples. Therefore, this marginally 

significant interaction was investigated in each sub-sample.   

In the university student sample, a repeated measures ANCOVA showed that this 

interaction was significant, F(1,37) = 6,19, p = 0.017, partial η² = 0.143. The FD group in the 

university student sample had a mean reduction in RSA of 0.346 (SD = 0.93) while the ND 

group had a mean increase in RSA of 0.147 (SD = 0.48). Same analysis in the general sample 

showed that the interaction was not significant, F(1,28) = 1,78, p = 0.19, partial η² = 0.06. 

Inspection of the means even showed that the change pattern was the reverse in the general 

population sample, with the FD showing a mean increase in RSA of 0.19 (SD = 0.47), but the 

ND mean decrease of 0.044 (SD = 0.21).   

 Relationship between the main variables in the study 
Correlations between the main variables in the study are shown in Table 4, in the two sub-

samples separately. In addition, since change in DAS scores following mood manipulation 

was not achieved, change in DAS was not a part of the correlation matrix. 
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Table 4. Correlations between CR, rumination, ER and RSA (divided by samples).  

  
RSA   

(uni) 
RSA change 

(uni) 
DERS   

(uni) 
RSA  

level (gen) 
RSA change 

(gen) 
DERS 

(gen) 

LEIDS-R 0.18 -0.19 0.78** -0.20 0.19 0.49** 

Brooding 0.06 -0.16 0.52** 0.03 0.08 0.40* 

Reflection 0.35* -0.37* 0.11 0.22 -0.20 0.19 

Note: Uni: University student sample; gen = general population sample; DERS = Difficulties in Emotion 
Regulation Scale; LEIDS-R = Leiden Index of Depression Sensitivity; RSA = respiratory sinus arrhythmia; *p < 
0.05, **p < 0.01.  

 

In the university student sample, a significant positive correlation was found between 

DERS, and both LEIDS-R and the brooding rumination subscale of RRS. This suggests that 

both greater cognitive reactivity and brooding rumination are associated with more difficulties 

in emotion regulation. In addition, the reflective pondering subscale of RRS is positively 

correlated with baseline RSA level, indicating that higher RSA levels are associated with 

more reflective pondering. Finally, reflective pondering was negatively correlated with 

change in RSA during mood induction, indicating that more reflective pondering is associated 

with RSA reduction during mood induction.  

In the general population sample, in line with the university student sample, a positive 

correlation was found between DERS, and both LEIDS-R and the brooding rumination 

subscale of RRS. Although these correlations were smaller than in the university student 

sample, these results indicate that both greater cognitive reactivity and brooding rumination 

are associated with more difficulties in emotion regulation. 

Since HRV has been linked with emotion regulation, the concordance between the self-

report measure of emotion regulation (DERS) and RSA measures was examined. The only 

significant correlation DERS had with the RSA measures was a correlation between DERS 

and RSA change (r = 0.36, p < 0.05), but it was only apparent in the general population 

sample.   And finally, in line with former research, a relationship between cognitive reactivity 

and rumination was anticipated. In the university student sample, a significant correlation was 

found between LEIDS-R and the brooding rumination subscale (r = 0.61, p < 0.01) but not the 

reflective pondering subscale. In the general population sample, a significant correlation was 

found between LEIDS-R and both the brooding rumination subscale (r = 0.54, p < 0.01), and 

the reflective pondering subscale (r = 0.36, p < 0.05). 
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Discussion 
 

The goal of this study was to examine group differences between formerly depressed and 

never depressed individuals on measures of well-known vulnerability factors for depression. 

Rumination was measured using self-report while cognitive reactivity was measured using 

both self-report and an experimental task. Additionally, differences in emotion regulation 

were assessed using both self-report measure and a psychophysiological index of HRV.  

 Cognitive reactivity 
In line with Teasdale's (1988) differential activation hypothesis, it was hypothesized that the 

formerly depressed would show greater cognitive reactivity than the never depressed, 

measured with LEIDS-R and with experimental manipulation. The study revealed mixed 

results, with scores from LEIDS-R supporting the hypothesis but results from the 

experimental manipulation did not. Greater cognitive reactivity in formerly depressed 

patients, as measured with the LEIDS-R, is in line with previous studies (Barnhofer, & 

Chittka, 2010; Merens et al., 2008; Moulds et al., 2008; van der Does, 2002, 2005). The mood 

induction procedure produced similar increases in sad mood for individuals in both groups, 

but dysfunctional attitudes did not change significantly for either group. Although unexpected 

in light of previous research (Brosse, Craighead, & Craighead, 1999; Lau, Haigh, Christensen, 

Segal, & Taube-Schiff, 2012; Miranda & Persons, 1988; Miranda et al., 1998), lack of 

cognitive reactivity as measured with an experimental task, has been reported before (e.g. 

Jarrett et al., 2012; Rijsbergen et al., 2013; van der Does, 2005).  

Potential explanations for these results have previously been proposed, including 

differences in samples between studies (Fresco, Heimberg, Abramowitz & Bertram, 2006). 

Most of the participants in this study were female and the number of participants could be 

criticized, however, both of those factors are comparable to studies that did find differences in 

cognitive reactivity during mood-induction (Lau et al., 2012; Miranda et al., 1998). However, 

while previous mood priming studies (Miranda & Persons, 1988; Segal et al., 1999) used 

samples from clinical or community settings, the majority of the sample in this study 

consisted of relatively well-functioning university students. Fresco et al. (2006) suggested that 

student samples might be more associated with these results. 

Another potential explanation is that, in some studies, dysfunctional attitudes may have 

been already primed when measured before the mood-induction (Figueroa, et al., 2015). The 
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formerly depressed group had significantly higher baseline DAS scores compared to the never 

depressed group, even when controlling for current depressive symptoms. This has usually 

not been the case in prior research (e.g. Fresco et al., 2006; Jarrett et al., 2012; van der Does, 

2005) and may indicate that participants were already primed. Lastly, it has been proposed 

that DAS might be an unreliable measure for mood-induced cognitive reactivity (van der 

Does, 2005) and research has indicated that the two DAS forms might not be completely 

parallel (Guðmundsóttir & Rögnvaldsóttir, 2015; Power et al., 1994). However, the 

explanations mentioned here are only speculative at this point and further studies are needed 

to examine the properties of the DAS.  

 Depressive rumination 
The results supported the hypothesis that the formerly depressed would exhibit higher levels 

of brooding and reflective rumination than the never depressed, measured with RRS. Most 

research on rumination has been conducted in samples of currently depressed patients (for an 

overview see Nolen-Hoeksema et al., 2008), so the results of this study add to this literature 

by comparing formerly depressed and never depressed participants. Since all participants 

were euthymic, the study supports the notion that rumination is a relatively stable trait but not 

just a mere symptom of depression (Bagby, Rector, Bacchiochi, & McBride, 2004; Nolen-

Hoeksema et al., 2008). This is in line with previous research showing how responding to low 

mood by ruminating is more common in depressed individuals than never depressed (Nolen-

Hoeksema et al., 2008). These results support the notion that rumination may be a 

vulnerability factor to depression that can increase the likelihood of depression relapse 

(Armey et al., 2009; Morrow & Nolen-Hoeksema, 1990; Treynor et al., 2003).  

 Emotion regulation 
It was hypothesized that the formerly depressed would show less emotion regulation abilities 

than the never depressed, measured with DERS and indexed by baseline HRV (being lower in 

the formerly depressed). As for the association between HRV fluctuations and emotion 

regulation, no specific predictions were made.  

 Emotion regulation measured with self-report 

Measuring emotion regulation with the DERS, the hypothesis was supported with the 

formerly depressed group scoring significantly higher than the never depressed, suggesting 

more difficulties in emotion regulation. This is in line with previous studies showing that 

recovered depressed individuals report higher levels of self-perceived emotion regulation 
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difficulties (e.g. Ehring et al., 2008). This indicates that difficulties in emotion regulation 

represent a stable characteristic of depressed individuals, even in remission. An interesting 

idea regarding difficulties in emotion regulation is that they may not have a major impact 

when variations in mood are only of moderate intensity (Ehring et al., 2008). However, when 

individuals experience high levels of negative emotions that do not alleviate quickly, emotion 

regulation difficulties can increase the likelihood of a depressive episode. These results 

support the idea that difficulties in emotion regulation can serve as an enduring risk factor for 

the development of repeated episodes (Gross & Munoz, 1995).  

When examining each of the six subscales of the DERS separately, only two of them (non-

acceptance of emotional responses and limited access to emotion regulation strategies) 

differentiated the groups. This is in line with previous research (Ehring, Tuschen-Caffier, 

Schnulle, Fischer, & Gross, 2010) and might indicate that the attitudes towards own 

emotional state and lack of emotion regulation strategies are two of the main factors relating 

to emotion regulation difficulties in people prone to depression.  

 Emotion regulation indexed by HRV 

Research has indicated that depression is associated with increased cardiovascular morbidity 

and mortality (for a review, see Musselman, Evans, & Nemeroff, 1998). Because of this, most 

research on HRV and depression has been conducted in cardiac patients, with the overall 

findings suggesting an association between depression and reduced HRV (for an overview 

Carney & Freedland, 2009; Stein et al., 2000). Whether the altered HRV has a causal or 

consequential role in depression has not been confirmed. To elaborate on that, this study only 

used participants without any cardiac diseases. In this study, parasympathetic activity was 

indexed with RSA, which in itself has been linked with emotion regulation (Porges, 2007).   

Both baseline RSA levels and RSA fluctuations to mood induction were measured. In 

addition, their relation to DERS was examined. In line with previous research (for a review, 

Beauchaine, 2001; Fabes & Eisenberg, 1997), it was hypothesized that baseline RSA levels 

would be lower in the formerly depressed group than the never depressed. The results 

revealed no difference in RSA baseline levels between the two groups, even when known 

confounding variables (BMI, age and respiration) were accounted for. Thus, these results do 

not support our hypothesis, but have been reported before (Moser et al., 1998).  

The exploratory analysis of RSA fluctuation to mood induction revealed no significant 

difference in change in RSA between formerly depressed and never depressed. In fact, the 

RSA measure did not change significantly in either group. This contradicts previous studies 
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that have found that individuals with higher depression scores show different patterns of 

change in HRV than control groups (e.g., Bylsma et al., 2014; Hughes & Stoney, 2000; 

Yaroslavsky, Rottenberg, & Kovacs, 2014). However, when the samples were examined 

separately, a significant change in RSA was found in the university student sample. Mean 

RSA in formerly depressed lowered significantly compared to the never depressed, during 

mood induction, suggesting more reactivity. This is in line with research showing more 

profound changes in HRV during psychological provocation (Hughes & Stoney, 2000; 

Sheffiel et al., 1998) but contradict the ones finding blunted HRV fluctuation during stressor 

in depressed individuals (Bylsma et al., 2014).  

With accumulating evidence linking HRV with depression and similar research associating 

HRV with emotion regulation (e.g., Appelhans & Luecken, 2006; Thayer and Lane 2000; 

Williams et al., 2015), we were interested in examining the concordance between DERS and 

RSA measures. The only significant correlation found was between DERS and RSA change, 

which only emerged in the sample from the general population. Since these measures are very 

distinct, this does not mean that they do not index emotion regulation, but rather that they 

might assess different facets of emotion regulation. However, these are speculations that need 

further examination.  

 Limitations 
A number of limitations to the study should be mentioned. First, the most obvious limitations 

regard characteristics of the sample. While many similar research use inpatient samples, the 

current investigation used a sample mostly consisting of high functioning university students 

combined with a diverse group from the general population, majority being females. In 

addition, the sample size was relatively small, especially regarding the separate analyses for 

each sample (university students and general population). Finally, when the samples were 

analyzed separately, the mean age was quite different, with the student sample considerably 

younger. Thus, the generalizability of the current study should be interpreted with this in 

mind.  

Second, the mood induction procedure along with the VAS and DAS measures might have 

been affected by the complexity and length of the testing-session. However, no research to 

date has examined this potential effect. Third, HRV measures are susceptible to a number of 

confounding variables that may not have been controlled for in this study. However, unlike 

many other HRV studies, this study did use a healthy sample without any cardiac diseases, 

and controlled for many known confounding factors, such as age, respiration and BMI.  
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Finally, the current study is cross-sectional by nature and thus, causation cannot be 

determined based on these results. However, because the experimental group consisted of 

euthymic individuals, it can be positively claimed that the current results describe 

vulnerability factors in depression but not mere depressive symptomatology. However, future 

research should keep aiming to explore the causative relationships of these vulnerabilities.  

 Future directions 
In regards to all vulnerabilities examined in the current study, it would be interesting to 

elaborate on the predictive value of each of them. The participants of the study could be 

contacted after some time to assess whether some of the measures could possibly predict 

onset, duration or severity of depression. Regarding CR, measured either with LEIDS-R or 

change in DAS scores, that would be in line with the results from previous studies that have 

associated CR with depression incidence and relapse (Kruijt et al., 2013; Segal, Gemar, & 

Williams, 1999; Segal et al., 2006). Regarding rumination, it has been proposed that, given 

enough time, rumination makes an individual more prone to depression than other (Armey et 

al., 2009; Treynor et al., 2003). In line with previous research (Alloy et al., 1999), examining 

the predictive value of rumination would be informative, especially when looking at the 

prospective differences between brooding rumination and reflective pondering. Another 

possible field for future research is to examine whether experimental assessment of cognitive 

reactivity is dependent on sample characteristics. That might explain the diverse results 

previous research has yielded.   

Regarding emotion regulation, an interesting direction for future studies would be to 

elaborate on the results from Ehring et al. (2008) that indicate that difficulties in emotion 

regulation may not play a major role until individuals experience high levels of negative 

emotions that do not alleviate quickly. Examining this further could reveal whether 

difficulties in emotion regulation can go undetected in individuals before they develop 

depression, serving as a vulnerability factor only when a serious life stressor occurs. In 

addition, finding out which facets of emotion regulation difficulties occur most frequently in 

depressed individuals could help guide depression therapy.  

Finally, HRV studies examining HRV fluctuations have used various types of 

psychological stressors (e.g., sad movies, mood induction, and stressful tasks). A practical 

goal for future research would be to examine the different effects on HRV those types of 

stressors have. In addition, assessing different effects of specific sample characteristics might 

also help to explain the divergent results from previous research.  
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