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ABSTRACT 

Perseverative thinking is associated with worse physical and psychological outcomes, including 

depression. Cognitive-behavioural therapy for perseverative thinking is often effective but 

expensive and difficult to access. Physical activity is accessible to nearly everyone and may be 

protective against perseverative thinking. In Chapter 1, we reviewed the existing research on the 

relationships between perseverative thinking, physical activity, physical health, and psychological 

health, with a focus on mood. In Chapter 2, we investigated the relationship between objectively-

measured perseverative thinking and physical activity in 52 adults with major depressive disorder, 

bipolar I and bipolar II disorder. we found no relationship between objectively measured 

perseverative thinking and objectively measured physical activity, though there is a possible link 

between circadian rhythmicity and perseverative thinking. Future research should investigate the 

relationship between circadian rhythmicity and perseverative thinking and predictors of 

improvement in perseverative thinking with physical activity, including genetics, type of physical 

activity, and depression phenotype.   
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1. CHAPTER 1 INTRODUCTION 
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1.1. Perseverative Thinking: Definition and Theoretical Frameworks 

The term “perseverative thinking” refers to a pattern of intrusive and repetitive thoughts 

that are perceived as unhelpful (Ehring, 2011). Traditionally, perseverative thinking included 

worry (Borkovec et al., 2004), rumination (Nolen-Hoeksema et al., 2008), and sometimes 

obsessions (Turner et al., 1992).  Perseverative thinking is often used interchangeably with the 

term “repetitive negative thinking”. Rumination and worry are repetitive, negative thoughts 

about past and future stressors, respectively (Brosschot et al., 2006) and are considered subtypes 

of perseverative thinking. Rumination can be further broken down into brooding and reflection, 

as was done in Treynor and colleagues’ (2003) seminal article. They conducted a factor analysis 

and concluded that brooding captures a “moody pondering” aspect of rumination; for example, to 

think “what am I doing to deserve this?”, or “why don’t others have this problem?”. In contrast, 

reflection captures those aspects of rumination that focus on problem solving and overcoming 

obstacles; for example, contemplating previous behaviour and what one could have done 

differently to produce a more favourable outcome (Treynor et al., 2003). Repetitive thinking can 

be adaptive or maladaptive depending on the content (Watkins, 2008). Brooding is considered a 

maladaptive form of rumination, while reflection can be an adaptive response to depressive 

symptoms.  

Perseverative thinking is more strongly associated with the severity of both major 

depressive disorder and generalized anxiety disorder than either rumination or worry individually 

(Spinhoven et al., 2015; Samtani et al., 2022). The mechanism by which perseverative thinking 

may increase the risk of onset and maintenance of emotional disorders is described in the 

Perseverative Cognition Hypothesis (PCH; Brosschot et al., 2006). Perceived stressors evoke a 

corresponding physiological response, including increases in heart rate, cortisol secretion, and 
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skin conductance. The PCH holds that people have repetitive, negative, and unhelpful thoughts 

both before and after exposure to stressors, which prolong the stress response beyond the 

immediate stimulus (Brosschot et al., 2006) and are deleterious to psychological and physical 

health (Verkuil et al., 2010; Ottaviani et al., 2016). The Extended Perseverative Cognition 

Hypothesis (EPCH) posits that perseverative thinking not only persists beyond the stressor, but 

also influences subsequent health behaviours (Clancy et al., 2016; Clancy et al., 2020a).  

1.2. Perseverative Thinking and Physical Health 

 Perseverative thinking is associated with maladaptive health behaviours. People who 

engage in more perseverative thinking consume more alcohol (Clancy et al., 2020a), sleep less 

(Clancy et al., 2020b), and are more likely to select high-calorie snack options compared to those 

who engage in less perseverative thinking (Clancy et al., 2022; Eschle & McCarrick, 2021). 

These findings provide conceptual support for the EPCH’s proposed mechanism of action 

between perseverative thinking and adverse physical health outcomes. 

 Most of the research on the relationship between perseverative thinking and physical 

health outcomes focuses on cardiovascular health (Verkuil et al., 2010; Ottaviani et al., 2016).  

This is because perseverative thinking extends the stress response (Ottaviani, 2018) and many of 

the deleterious effects of stress are reflected in adverse cardiovascular outcomes (Ottaviani et al., 

2016; Ottaviani, 2018). In 11 studies comprising 690 total participants, perseverative cognition 

had a moderate positive association with both diastolic and systolic blood pressure (Verkuil et al., 

2010); in 21 studies with 1,067 total participants, perseverative thinking had a small, positive 

association with higher heart rate (Ottaviani et al., 2016); and in 18 studies comprising of 1,034 

participants, more perseverative thinking was associated with slightly lower heart rate variability 

(Ottaviani et al., 2016).  
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Experimental studies published after Ottaviani and colleagues’ (2016) meta-analysis 

corroborate their findings and illustrate how perseverative thinking is associated with worse 

cardiovascular outcomes while adaptive strategies like problem-solving are not. Williams and 

colleagues (2017) focused on the relationship between rumination and cardiovascular markers of 

stress; in a sample of 203 adults, lower vagally-mediated resting heart rate variability (vmHRV; 

lower levels indicate higher levels of stress) was positively associated with depressive 

rumination, and brooding rumination, but not reflective rumination (Williams et al., 2017). After 

controlling for ethnicity, sex, rate of respiration, gender, and BMI, only total rumination retained 

a small, significant association with lower vmHRV.  

Ottaviani and colleagues (2017) randomized 56 healthy participants to one of three 

experimental coping strategies: mind-wandering, perseverative cognition, or problem-solving. 

Perseverative cognition and problem-solving increased blood pressure to a similar extent, but 

perseverative cognition did so through a vascular (rather than myocardial) route, resulting in 

prolonged blood pressure stabilization. This prolonged recovery is considered a sign of 

hypertension, and therefore worse cardiovascular functioning. Experimental findings indicate an 

association between perseverative thinking and cardiovascular markers consistent with higher 

stress, while adaptive strategies like problem solving have no such drawback.  

More than 20 years ago, Thayer & Lane (2002) identified that perseverative thinking was 

associated with impaired inhibitory neural processes. Recently, possible mechanisms linking 

perseverative thinking, cardiovascular health, and brain functioning have been described in detail 

(Ottaviani, 2018). Perseverative thinking is associated with self-referential brain activity 

(Makovac et al., 2020) and a general inflexibility in both cognition and autonomic nervous 

system functioning. Ottaviani (2018) describes cognitive flexibility as the ability to inhibit 
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unwanted thoughts, and autonomic flexibility as the capacity to re-engage parasympathetic 

activity post-stressor. In line with Thayer & Lane’s early findings, people who engage in 

perseverative thinking have a protracted autonomic nervous system response via a decrease in 

functional connectivity between the prefrontal cortex and the amygdala (Ottaviani, 2018; 

Demnitz-King et al., 2021). This brain-heart pathway, autonomic inflexibility, and perseverative 

thinking may partly explain the comorbidity between psychiatric disorders and cardiovascular 

disease (Larsen & Christenfeld, 2009; Trick et al., 2019; Trick et al., 2016).  

1.3. Perseverative Thinking and Psychological Health 

Perseverative thinking is associated with adverse psychological outcomes in samples of 

people without psychiatric illness, of which the available research has mostly focused on student 

samples. Perseverative thinking was inversely associated with mindfulness in undergraduate (n = 

289) and crowdsourced (n = 286) samples, as well as in a community sample of people with high 

levels of anxiety or depression symptoms  (n = 277; Thompson et al., 2021). Perseverative 

thinking prospectively mediated the link between perfectionism and psychological distress in a 

sample of 227 university students (Casimiro et al., 2016), mediated the relationship between 

disinhibition and distress more strongly than impulsivity in 84 university students (Mattionni et 

al., 2023), and moderated the relationship between negative affect and anxiety in 537 university 

students (Sorg et al., 2012). Perseverative thinking also predicted lower mood at 3-year follow-

up in a sample of 81 university students (Raes et al., 2012).  

Perseverative thinking is positively associated with the presence of mood disorder 

diagnosis, anxiety disorder diagnosis, substance use disorder diagnosis (Appel et al., 2021), 

diagnosis of PTSD (Meyer et al., 2024), as well as with diagnosis of major depressive disorder 

specifically (for a review of the relationship between rumination and major depressive disorder, 
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see Nolen-Hoeksema et al., 2008); repetitive negative thinking predicts longer periods of low 

mood (Nolen-Hoeksema et al., 1993) and mediates the relationship between baseline depression 

and the onset of an anxiety disorder five years later (Spinhoven et al., 2019). People with MDD 

who are in a major depressive episode ruminate more than people with remitted MDD and 

healthy controls, and people with remitted MDD do not ruminate more than healthy controls 

(Visted et al., 2018). Rumination prospectively predicts non-response to treatment in people with 

treatment-resistant MDD (Chu et al., 2023) and prospectively predicts more depressed mood at 

follow-up in patients undergoing CBT (Patel et al., 2023).  

Research into the role of perseverative thinking in bipolar disorder is limited, despite the 

fact that people with bipolar disorder engage in depressive rumination as often as do people with 

major depressive disorder (Kovács et al., 2020; De Prisco et al., 2023). In a sample of 27 people 

with bipolar disorder, perseverative thinking was positively correlated with psychosocial 

impairment and negatively correlated with life satisfaction (Adamis et al., 2024). People with 

bipolar disorder often have negative thoughts about themselves, their thinking patterns, and their 

ability to control their thoughts, much like people with unipolar depression (Batmaz et al., 2021). 

The concordance of cognitive patterns between unipolar and bipolar depression compliments 

previous findings indicating that people with bipolar disorder experience low mood much more 

often than they experience mania or hypomania (Judd et al., 2005). Recent meta-analytic 

findings indicate that rumination is implicated in the maintenance of depressive episodes in 

people with bipolar disorder (Ghaznavi & Deckersbach, 2012; Kovács et al., 2020). The rate of 

comorbid generalized anxiety disorder (GAD) in people with bipolar disorder is approximately 

20% (Pavlova et al., 2015), suggesting that clinically significant worry (i.e., GAD) is common in 



7 

people with bipolar disorders. Perseverative thinking may contribute to the maintenance of low 

mood in people with bipolar disorder, as it does in people with unipolar depression (Raes, 2012). 

To the authors’ knowledge, there exists only a cross-sectional study on the role of 

perseverative thinking (measured as repetitive negative thinking in this case) and mood episodes 

in people with bipolar disorder, in which perseverative thinking was associated with more severe 

depression, mania, and anxiety symptoms (McEvoy et al., 2018).  

Theories underlying the role of perseverative thinking in people with mood disorders are 

discussed below. One of the early theories pertaining to cognitive responses to stressors was 

Nolen-Hoeksema’s response styles theory (Nolen-Hoeksema, 1991a). This seminal article 

describes how some people engage in either distracting activities or rumination in response to 

depressive mood. Someone who tends to distract themselves in response to depressed mood may 

paint, go for a walk, or socialize to avoid focusing on their mood. In contrast, someone with a 

ruminative style may ask themselves what caused their depression, what the consequences of it 

will be, and when it may end. Famously, Nolen-Hoeksema & Morrow (1991a) demonstrated that 

rumination prolongs depressive symptoms following a stressor; people who reported a 

ruminative response style preceding the 1989 Loma Prieta Earthquake were more likely to report 

low mood at 10 days and 7-weeks post-earthquake, regardless of exposure severity.  

The Mood-as-Input theory holds that people engage in perseverative thinking about a task 

or goal until information becomes available that suggests the task is complete (Meeten & Davey, 

2011). Crucially, this theory includes mood as a source of information people can use to either 

continue or stop engagement in perseverative thought. People may worry until a problem is 

solved or ruminate until they “feel” they can stop (Meeten & Davey, 2011) and continue 

ruminating if their mood does not improve. People often apply these rules subconsciously; 
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compared to a befriending control condition, psychoeducation about Mood-as-Input theory 

reduced worrying in a sample of students with clinically significant worry scores (Dash et al., 

2015). People with mood disorders experience frequent low mood, and if they set rules around 

their perseverative thinking in the manner described by the Mood-as-Input theory, it may explain 

why they have difficulty disengaging from perseverative thinking. 

According to the metacognitive theory (Wells, 2011), people form inflexible patterns of 

thinking about their own thoughts, and this inflexibility contributes to the development of mood 

and anxiety disorders. People 1) hold beliefs about their ability to influence their cognition 

(metacognitive beliefs), 2) have experiences that encourage them to try and control their thoughts 

(metacognitive experiences) and thus develop strategies to control their thoughts (metacognitive 

strategies). Two fundamental strategies are worry and rumination, which are considered, under 

this theory, attempted solutions to “what if” problems (worry: “what if my partner dies in a car 

accident?”) and why problems (rumination: “why do I always feel this way?”). According to this 

theoretical framework, perseverative thinking causes depression. 

Lastly, the HEXAGON (Watkins & Roberts, 2020) model holds that rumination begins 

and is perpetuated by habit development, impaired executive control, abstract processing, goal 

discrepancies, and negative bias. When people who ruminate fail to reach a goal, they process 

that negative information in an abstract way (dwelling on the information rather than taking 

action, for example). This abstract processing becomes a habit, especially among people with 

impaired executive control and negative biases. The HEXAGON model could explain why 

people with mood disorders are more susceptible to perseverative thinking.   
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1.4. Physical Activity: Definition and Psychological Benefits 

 The World Health Organization defines physical activity as “any bodily movement 

produced by skeletal muscles that require energy expenditure” (World Health Organization, 

2024). This can include walking, weightlifting, running errands, and swimming, among countless 

other activities. Physical activity can be assessed subjectively using questionnaires (including the 

International Physical Activity Questionnaire; Craig et al., 2003) and objectively using 

actigraphy (meaning activity-tracker, usually a wrist-worn device that tracks movement). Studies 

consistently find that physically active people have better mental health outcomes. 

Systematic reviews and meta-analyses have demonstrated that physical activity reduces 

symptoms of depression, anxiety, and stress in samples of people with and without psychiatric 

illness (Singh et al., 2022) and meeting half the recommended physical activity guidelines 

reduces the chance of developing depression by 18% compared to no activity (Pearce et al., 

2022) regardless of whether subjective or objective measurement is used (Gianfredi et al., 2020).  

While physical activity is broadly protective against psychopathology, different types and doses 

of physical activity may confer differential benefit for the treatment of psychopathology (Kim et 

al., 2020). An increase of one point on the MADRS (Montgomery & Åsberg, 1979) was 

associated with 2.4 fewer minutes of activity among people with a diagnosis of depression or an 

anxiety disorder (Helgadóttir et al., 2015). A systematic review of cohort studies, including 

people without depressive disorder diagnoses or antidepressant use at baseline, found that studies 

which use moderate-to-vigorous physical activity as the threshold for adequate activity, and 

which measure physical activity more than once found lower rates of depression incidence in 

those engaging in adequate activity compared to studies which used lower physical activity 

intensity thresholds or which only assessed baseline physical activity (Dishman et al., 2021). A 
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meta-analysis found that more physical activity is associated with greater well-being in 

observational, interventional, and prospective studies (Buecker et al., 2020); the concordance of 

findings between studies of different designs suggests that the benefits of physical activity on 

well-being are not merely artefacts of study design.  

Similarly, different types of sedentary activities (we will use the terms “sedentary” and 

“inactive” interchangeably) may have differential effects on mood and cognition. Higher total 

time spent sedentary is associated with an increased risk of depressive symptoms (Gai et al., 

2023; Jiang et al., 2024), but cognitively active sedentary behaviours are slightly protective 

(Jiang et al., 2024). The difference between protective and harmful sedentary behaviour 

highlights the importance of measuring perseverative thinking in concert with physical activity; 

time spent physically active may only be protective from symptoms of psychopathology if the 

activity interrupts perseverative thinking.  

1.5. Relationship Between Perseverative Thinking and Physical Activity 

While cognitive-behavioural therapy is effective for reducing perseverative thinking 

(Watkins et al., 2011; Querstret & Cropley, 2013; Spinhoven, 2018), it is often expensive and 

difficult to access (Moroz et al., 2020). Physical activity is an accessible intervention for 

perseverative thinking, although this depends on socioeconomic status and the availability of 

sports facilities (Lee et al., 2016). Physical activity is associated with improvements in heart-rate 

variability and hence with improvements in cardiovascular health (El-Mahali et al., 2024). 

Behavioural activation is effective in the treatment of major depressive disorder (Ekers et al., 

2014), and structured, supervised physical exercise is recommended as a first-line treatment for 

mild major depressive episodes and as an adjunctive treatment for moderate major depressive 

episodes by the CANMAT guidelines for depression (Lam et al., 2023). Physical activity is 
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available in some capacity to nearly everyone, but the conditions under which physical activity 

may reduce depressive symptoms or perseverative thinking are unclear.  

Perseverative thinking can discourage people from being physically active. People with 

depression who ruminate more enjoy walking less than people who do not ruminate (Huang et 

al., 2022; Kagawa et al., 2022), and people who report exercising more also report less 

rumination following exposure to a stressor (Puterman et al., 2011), both suggesting a negative 

relationship between perseverative thinking and physical activity. Prospectively, moderate-to-

vigorous physical activity reduced the risk of developing generalized anxiety disorder over 10 

years in The Irish Longitudinal Study on Ageing (Herring et al., 2024; McDowell et al., 2019). 

The relationship between physical activity and perseverative thinking has also been 

investigated experimentally. In a community sample, yoga decreased perseverative thinking. 

(Shrimal et al., 2024) and exercise reduced symptoms of worry among young people with GAD 

(Gordon et al., 2020). Results in people with subthreshold generalized anxiety disorder are 

mixed, with some clinical trials finding a significant decrease in Penn-State Worry Questionnaire 

scores (O’Sullivan et al., 2023; PSWQ: Meyer et al., 1991) and others not (Fleming et al., 2020). 

Participants who exercise before being exposed to a stressor ruminate about the stressor 

less than participants who do not exercise before the task (Bernstein & McNally, 2017; Brand et 

al., 2018; Di Paolo et al., 2013). One experiment found no relationship between acute bouts of 

activity and subsequent rumination (Schmitter et al., 2023). The null finding may be explained 

by the design of the study, which had participants complete a computer task between the exercise 

and the measurement of rumination, which may have given time for participants to return to their 

baseline levels of rumination. Exercise also decreases perseverative thinking in the medium-term 

(12 weeks; Nasstasia et al., 2019; Gordon et al., 2020). A recent systematic review found that 
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physical activity interventions are effective for reducing perseverative thinking and the effect is 

stronger in people with mood and anxiety disorders (Wang et al., 2025). However, this review 

included interventions which paired psychological interventions with physical activity, which 

hinders interpretation of the direct effects of physical activity on perseverative thinking. These 

findings raise two questions: in what context is physical activity protective against perseverative 

thinking (i.e., does it have to be an intense burst immediately preceding a stressor, or is a 

generally active lifestyle also protective?), and is the relationship only found when using self-

report? 

 The evidence reviewed above suggests several ways in which physical activity may 

reduce perseverative thinking. Figure 1 shows an adapted schematic of the Perseverative 

Cognition Hypothesis as originally formulated by Brosschot and colleagues (2006). Each star 

represents where physical activity could reduce perseverative thinking. For example, being 

physically active prior to encountering a stressor may reduce subsequent rumination about the 

stressor (Puterman et al., 2011); this is represented by the left-most star appearing before the 

stressor. Likewise, physical activity is associated with improved emotional regulation in response 

to stress (Berinstein & McNally, 2018) as shown by the middle star. As represented by the right-

most star, acute bouts of physical activity can reduce rumination (Brand et al., 2018) and may 

therefore attenuate the prolonged stress response that leads to pathogenesis. 
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Figure 1. Adapted Figure of the Perseverative Cognition Hypothesis (Brosschot et al., 2006) 

 

Note: Each star indicates physical activity and where it can interrupt the pathway theorized by 

the Perseverative Cognition Hypothesis. 

1.6. Summary  

 In summary, there is ample evidence that perseverative thinking is associated with 

adverse cardiovascular outcomes (Ottaviani, 2016; Verkuil et al., 2010; Williams et al., 2017) 

and predicts worse mood and anxiety symptoms prospectively (Spinhoven et al., 2019; Raes, 

2012; Sorg et al., 2012). While there is experimental evidence that physical activity reduces 

rumination (Shrimal et al., 2024; Bernstein & McNally, 2017; Brand et al., 2018; Di Paolo et al., 

2013), these experiments are tightly controlled and often have same-day follow-ups, both of 

which limit their generalizability to everyday living. Observational studies, which often control 

fewer confounding variables, have better external validity as they are more reflective of everyday 

life. While some observational studies have found a negative relationship between physical 

activity and perseverative thinking and have large sample sizes, they rely on retrospective self-

report for both predictor and outcome (Liu et al., 2023; Huang et al., 2022). Observational 

studies that are reflective of daily patterns and which do not rely on self-report for both predictor 



14 

and outcome are therefore required to understand the relationship between physical activity and 

perseverative thinking (as will be presented in Chapter 2).   
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2. CHAPTER 2 PHYSICAL ACTIVITY AND PERSEVERATIVE THINKING IN 

PEOPLE WITH MOOD DISORDERS: A PILOT PROSPECTIVE STUDY USING 

OBJECTIVE MEASUREMENT 
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2.1.1. Abstract 

Background: Perseverative thinking (intrusive, repetitive, and negative thoughts) is positively 

associated with symptoms of depression and cardiovascular disease. Physical activity is 

negatively associated with perseverative thinking; however, previous research relied on self-

report for both predictor and outcome and is therefore subject to common method bias. We used 

a novel technique to measure perseverative thinking objectively alongside actigraphy to assess 

the relationship between perseverative thinking and physical activity in people with mood 

disorders absent common method bias. We hypothesized that more objectively-measured 

perseverative thinking will be associated with less objectively-measured physical activity.  

Method: Participants (n = 52, 38 with major depressive disorder, 14 with bipolar I disorder or 

bipolar II disorder) completed perseverative thinking and physical activity questionnaires, a 

MADRS interview, and a nine-minute recorded speech sample assessment before and after 

wearing a GENEActiv actigraphy device for two weeks. We modeled speech-based 

perseverative thinking (dependent variable) as a function of the average acceleration (in 

milligravities) during participants’ most active consecutive ten hours (independent variable), 

with age, sex, MADRS, and mood disorder diagnosis as covariates. We also modeled 

objectively-measured perseverative thinking as a function of the ratio of participants’ 

acceleration during their most active 10 hours and least active 5 hours (relative amplitude). A 

Bland-Altman analysis compared subjective and objective measurement of activity. 

Results: There was no relationship between objectively-measured perseverative thinking and 

physical activity (β = -0.09, [-0.32, 0.15], p = 0.494, R2 = 0.651). There was a small, statistically 

insignificant relationship between relative amplitude and objectively-measured perseverative 

thinking (β = -0.15 [-0.39, 0.084], p = 0.231, R2 = 0.647). Bland-Altman analyses indicated little 
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agreement between subjective and objective measurements of physical activity for MVPA (12.4 

± 471.3 [-911.3, 936.1]) and sedentary time (-1357.7 ± 1304.2, [-3914.0, 1198.7]).  

Conclusions: Objectively-measured perseverative thinking is not associated with objectively-

measured physical activity. Circadian rhythmicity and objectively-measured perseverative 

thinking may be related in a larger sample and should be investigated in future research.  

2.2. Introduction 

2.2.1. Mood Disorders are Common and Impairing 

Mood disorders, including major depressive disorder (MDD), bipolar I disorder, and 

bipolar II disorder, are common and impairing. Estimates for the prevalence of major depressive 

disorder range from 3.9% to 10.4% (Hasin et al., 2018; Patten et al., 2015) and estimates for the 

prevalence of bipolar disorder is approximately 1% (Moreira et al., 2017; Clemente et al., 2015).  

Occupational and interpersonal impairment is common among people with mood 

disorders (Kogan et al., 2004; Marwaha et al., 2013; Greenberg et al., 2021) and this impairment 

worsens as mood symptom severity increases (Judd et al., 1998; Judd et al., 2005). Identifying 

factors that improve prognosis and outcome of people with mood disorders can reduce the 

burden of these impairments. 

2.2.2. Perseverative Thinking Predicts Worse Outcome in People with Mood Disorders 

Perseverative thinking predicts worse outcome in people with unipolar depression, 

including longer depressive episodes (Nolen-Hoeksema et al., 1993; Nolen-Hoeksema et al., 

2008) and prospectively higher risk of developing an anxiety disorder (Spinhoven et al., 2019) 

and major depressive episode (Nolen-Hoeksema et al., 2008). Among people with bipolar 

disorder, rumination is present between and during mood episodes and is associated with higher 

levels of anxious, depressive, and hypomanic symptoms (Silveira & Kauer-Sant'Anna, 2015; 
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McEvoy et al., 2018). The relationship between perseverative thinking and the frequency and 

chronicity of mood episodes in people with bipolar disorder is unclear (Batmaz et al., 2021) and 

more research is needed. 

While perseverative thinking can be treated with individual cognitive-behavioural 

therapy (McCarrick et al., 2021), mental health services can be difficult to access. As many as 

5.3 million Canadians reported attempting to access mental health care in Canada and more than 

40% had their needs either only partially met or fully unmet (Moroz et al., 2020). 

2.2.3. Physical Activity is Associated with Improvements in Mood Symptoms 

Meta-analyses have demonstrated that physical activity has a therapeutic effect on 

symptoms of depression and anxiety in samples of people with and without psychiatric illness 

(Singh et al., 2022). More physical activity in childhood decreases the likelihood of depressive 

symptoms 11 years later (Knowles et al., 2023). Prospectively, people meeting half the 

recommended threshold for physical activity are 18% less likely to develop depression compared 

to those reporting no activity (Pearce et al., 2022). A meta-analysis showed that physical exercise 

reduces depressive symptoms in people with and without mood disorders (Conn, 2010). Physical 

exercise improves executive functioning in adults with depression (Ren et al., 2023) and aerobic 

exercise specifically improves mood and decreases rumination in people with MDD (Olson et 

al., 2017). Walking improves mood in inpatients with MDD (Knubben et al., 2007). Engagement 

in physical exercise was negatively associated with symptoms of depression among 2,190 

patients with mood disorders (D'Angelantonio et al., 2022). Prospectively, physically active 

participants with bipolar disorder have lower anxiety, less severe symptoms of depression (Walsh 

et al., 2023), fewer mood episodes, and fewer psychiatric hospitalizations (Melo et al., 2019) 

than sedentary participants. Physical exercise and behavioural activation each reduce the severity 
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of depression in people with bipolar disorder (Lafer et al., 2023; Wright et al., 2022), though 

qualitative research suggests that the mood-improving effects of exercise may be a “double-

edged sword”, in that participants feared inducing symptoms of mania while engaging in 

excessive or unstructured exercise (Wright et al., 2012). A systematic review concluded that 

more research on physical activity in people with bipolar disorder is needed (Wright et al., 2009). 

Researchers have recently begun using relative amplitude (RA) as a measurement of 

physical activity and indicator of healthy circadian rhythmicity (Smagula, 2016; Lyall et al., 

2018). RA is a ratio of a participant’s high activity period and low activity periods during an 

accelerometer recording period (a more technical description is available in the Method section). 

RA ranges from 0 to 1 with higher values indicating more activity and less sedentary time. 

Lower RA is associated with a higher risk of developing major depressive disorder and bipolar 

disorder (Smagula, 2016; Lyall et al., 2018) and shows promise as a modifiable risk factor for the 

onset of depressive symptoms. 

2.2.4. Physical Activity May be Protective Against Perseverative Thinking 

Experimental studies suggest that acute bouts of exercise reduce rumination (Bernstein & 

McNally, 2017; Brand et al., 2018; Di Paolo et al., 2013) and worry (Gordon et al., 2020; 

O’Sullivan et al., 2023; Herring et al., 2020; Herring et al., 2017; Herring et al., 2011; Plag et al., 

2020) with one exception (Fleming et al., 2020), which may have found a null finding because it 

was the only study to use Pilates, a low-intensity exercise routine, as the intervention.  

Structured physical exercise can be expensive or otherwise difficult to access. It remains 

unclear whether incidental activity such as running errands or going for a walk is protective 

against perseverative thinking. More activity is consistently associated with less rumination (Liu 

et al., 2023; Clancy et al., 2020b; Shanmugasegaram et al., 2011; Zhu et al., 2024; Riley et al., 



20 

2022; Xu et al., 2025; Zeng et al., 2022; Ye et al., 2022) and with less enjoyment and 

engagement in walking (Huang et al., 2022; Kagawa et al., 2022; Takano et al., 2013). There is 

much less evidence pertaining to the relationship between broader perseverative thinking (in 

contrast to rumination or worry, which are subtypes of perseverative thinking) and physical 

activity. A meta-analysis of health behaviours and perseverative thinking found that physical 

activity was not associated with perseverative thinking, but the analysis identified only three 

eligible articles (Clancy et al., 2016). Repetitive negative thinking was associated with more 

sedentary time but not with frequency of physical activity (Lu et al., 2024). More research on the 

relationship between broader perseverative thinking and physical activity, especially among 

people with mood disorders, is required. 

2.2.5. Retrospective Self-Report is Often Unreliable 

The self-report measures so often used in psychiatry rely on retrospective reporting and 

often contradict objective measurements (Pavlova & Uher, 2020; Craddock and Mynors-Wallis, 

2014). Healthy adults overestimate their vigorous activity and underestimate time spent 

sedentary (Dyrstad et al., 2014). Comparisons between self-reported and accelerometer-derived 

estimates of physical activity in people with mood disorders vary. A meta-analysis found that 

subjective and objective measurements of daily light, moderate, and vigorous activity generally 

agreed among people with major depressive disorder and people with bipolar disorder 

(Vancampfort et al., 2017). In contrast, recent studies with admittedly small sample sizes (n < 30) 

found that participants with major depressive disorder and participants with bipolar disorder 

underestimated both moderate-to-vigorous activity and sedentary time relative to actigraphy 

(Freyberg et al., 2021; de Nascimento et al., 2022).  
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2.2.6. The Relationship Between Perseverative Thinking and Physical Activity may be Due 

to Common Method Bias 

To date, research on perseverative cognition has relied almost exclusively on 

retrospective self-report, which introduces common method bias (Podsakoff et al., 2011), 

meaning a portion of variance in any analysis that is explainable by the type of measurement 

used. For example, the Liu and colleagues (2023) study found a moderate negative relationship 

between self-reported rumination and physical activity, but the Harman single-factor test 

determined that 34.5% of the variance was explained by a single factor; according to this test, the 

findings of this study may be a result of common source bias and not a true relationship between 

perseverative thinking and physical activity in the sample. Because almost all psychiatric 

research depends on self-report measurement, it is important to incorporate objective 

measurements to account for common method bias.  

Self-report measurements are also subject to confounds such as social desirability bias 

(Pavlova & Uher, 2020) and there are specific biases germane to people with mood disorders. 

People with disorders that have an affective component are less likely to accurately recall their 

symptoms compared to people with other disorders (Atkinson et all., 1994) which may be due to 

memory or attention bias.  

Subjective reporting of physical activity and perseverative thinking can often be 

inaccurate. As mentioned previously, whether subjective and objective measurements of physical 

activity agree among people with mood disorders is an open question (Vancampfort et al., 2017; 

Freyburg et al., 2021; de Nascimento et al., 2022). Interviewer-rated rumination predicts 

clinician-rated depressive symptoms, but not self-reported depressive symptoms (Kennedy et al., 

2020), indicating that using self-report alone is insufficient for predicting patient outcomes. 
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While objective measurements of physical activity such as actigraphy are commonplace, there 

was no analogue for perseverative thinking until recently. 

2.2.7. Speech Analysis is not Subject to the Same Methodological Limitations as Self-

Report 

Since the late 1990s, researchers have used computational linguistics to analyze features 

of recorded speech (Gottschalk et al., 1997; de Boer et al., 2018). Using this method, machine 

learning models can differentiate between people with major depressive disorder, bipolar 

disorder, and healthy controls (Low et al., 2020; Dikaios et al., 2023). Recently, Stade and 

colleagues developed a novel way to measure perseverative cognition using speech analysis 

(Stade et al., 2023). They investigated several features of speech associated with perseverative 

thinking, including increased I-usage, negative emotion language, cognitive processes language, 

reduced concreteness, increased comparisons, and sentence-to-sentence coherence; only I-usage 

and negative emotion language showed small, positive associations with perseverative thinking 

scores (Stade et al., 2023). This measurement has a moderate positive association with the 

presence and severity of generalized anxiety disorder, a small positive association with the 

presence of major depressive disorder, and a moderate positive association with severity of major 

depressive disorder. I-usage and negative emotion language also have small, positive 

associations with psychiatric comorbidity, current psychotherapy use, current psychotropic 

medication use, anhedonia, and other clinical outcomes. Because measurement of perseverative 

thinking by speech analysis is not subject to retrospective and subjective error, it may more 

accurately measure perseverative thinking in people with mood disorders. 

2.2.8. Current Study 

We conducted a prospective observational study using objective and subjective 

measurements. We measured the relationship between physical activity and perseverative 
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thinking in people with mood disorders using actigraphy and speech analysis, respectively, as 

well as questionnaires. Our primary hypothesis is as follows: 

1. Total objectively-measured physical activity (as measured by the average acceleration in 

the most active consecutive 10 hours in the recording period; M10) will be negatively 

associated with objectively-measured perseverative thinking.  

We also tested the following secondary hypotheses:  

2. Subjective total physical activity will be negatively associated with objective 

perseverative thinking  

3. Subjective total physical activity will be negatively associated with subjective 

perseverative thinking 

4. Subjective moderate-to-vigorous physical activity will be negatively associated with 

objective perseverative thinking 

5. Subjective moderate-to-vigorous physical activity will be negatively associated with 

subjective perseverative thinking 

6. Subjective sedentary time will be positively associated with objective perseverative 

thinking 

7. Subjective sedentary time will be positively associated with subjective perseverative 

thinking 

8. Objective moderate-to-vigorous physical activity will be negatively associated with 

objective perseverative thinking  

9. Objective moderate-to-vigorous physical activity will be negatively associated with 

subjective perseverative thinking  
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10. Objective sedentary time will be positively associated with objective perseverative 

thinking  

11. Objective sedentary time will be positively associated with subjective perseverative 

thinking 

12. Relative amplitude will be negatively associated with objective perseverative thinking  

13. Relative amplitude will be negatively associated with subjective perseverative thinking  

14. Participants will report more time in moderate-to-vigorous physical activity and less 

sedentary time than will be indicated by objective measurements 

2.3. Method 

2.3.1. Participants 

We included adult participants (aged 18 - 69) with a diagnosis of major depressive 

disorder, bipolar I disorder, or bipolar II disorder. Prior to the baseline visit, participants were 

screened for eligibility over telephone with an internally-created tool that includes questions 

about age, sex, and gender as well as the depressive episode and (hypo)manic episode sections of 

the Structured Clinical Interview for the DSM-5 (First et al., 2015). This tool takes about 30 

minutes to complete and contains an eligibility checklist, including a list of exclusion criteria. 

Exclusion criteria included current hypomania or mania, acute suicidality, or the presence 

of another psychiatric or physical condition which greatly influences mobility (e.g., a participant 

with bulimia nervosa who engages in excessive exercise, or a person with a broken leg). 

Participants aged 70+ were considered ineligible due to age-related decline in physical activity 

(Milanović et al., 2015). 
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2.3.2. Materials 

The Structured Clinical Interview for the DSM-5 Disorders (SCID-5; First, 2015) was 

used to assess the presence of a mood disorder for eligibility and anxiety disorders for a 

sensitivity analysis and to describe the sample. The SCID-5 interviews were conducted by a 

trained research assistant and the diagnoses were established in a consensus meeting with a 

licensed clinical psychologist (BP).  

For the speech assessment, participants responded to three prompts lasting three minutes 

each, following a protocol developed by Dikaios et al (2024). The participants were prompted to 

talk about 1) how they have been spending their time in the past two weeks, 2) a positive 

experience they had in the past two weeks, and 3) a negative experience they had in the past two 

weeks.  

The actigraphy data were collected using the GeneActiv actigraphy device. It is a medical 

grade, wrist-worn device that tracks the timing and intensity of physical activity in the form of 

milligravities (mg). The device had no screen and as such participants were not able to see their 

own data; activity reports were provided upon request. The average milligravity score over a 

defined period (the interval of time is known as an “epoch”) indicates the intensity of activity 

with a higher milligravity rating reflecting more intense activity. In keeping with previous 

research on the relationship between accelerometry values and the incidence of psychiatric and 

physical illness (Andersen et al., 2025; Khurshid et al., 2021; Ramakrishnan et al., 2021), 

sedentary time was defined as minutes spent <30mg, light activity was defined as minutes spent 

30-99mg, and moderate-to-vigorous physical activity (MVPA) was defined as minutes spent 

≥100mg (Rowlands et al., 2018). The GeneActiv devices are validated for use with adults in day-

to-day living (Liu et al., 2021). The popularity of this device in existing literature allows for 

direct comparison with other research studies (Glaus et al., 2023; Hollands et al., 2020).  



26 

Subjective measurements of perseverative thinking and physical activity were collected 

for comparison with the objective outcomes. Perseverative thinking at baseline was measured 

with the Perseverative Thinking Questionnaire (PTQ; Ehring et al., 2011). The PTQ is a 15-item 

self-report measure that assesses how frequently participants engaged in perseverative thinking 

in the past year. It is brief, reliable, and validated for people with major depressive disorder 

(Ehring et al., 2011). In the current study, we changed the instructions to inquire about the past 

two weeks to overlap with the accelerometry recording period. The PTQ hasn’t been validated in 

people with bipolar disorder but has been used in previous investigations (McEvoy et al., 2018) 

and people with bipolar disorder are much more often in major depressive episodes than in 

manic or hypomanic episodes (Judd et al., 2005).  

Subjective physical activity was measured using the International Physical Activity 

Questionnaire-Long Form (Craig et al., 2003). It has strong validity and reliability, which has 

been demonstrated in a dozen countries (Craig et al., 2003). This tool assesses the frequency and 

duration of light, moderate, and vigorous activity, and sedentary time in the previous seven days. 

We used it to assess the previous 14 days to allow for overlap with the accelerometry recording 

period. At both baseline and follow-up, a research assistant used the IPAQ as an interview 

assessment by asking the questions aloud. Thus, four total IPAQ assessments were completed: at 

baseline, data were collected about the two weeks previous; the two weeks preceding the follow-

up visit were completed at follow-up. A full schedule of assessments is available in Table 1. 

The Montgomery-Åsberg Depression Rating Scale (Montgomery & Åsberg, 1979) is a 

10-item interview measure that assesses the severity of depressive symptoms in the past week. It 

has demonstrated good validity and inter-rater reliability after minimal training (Montgomery & 

Åsberg, 1979). The MADRS score was used as a covariate in the data analysis.  
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2.3.3. Sample Size 

Using GPower statistical software (Faul et al., 2009), an a-priori power analysis was 

conducted. Using the “Linear multiple regression: Fixed mode, deviation from 0” setting, we set 

α = 0.05, power of 0.80, with 4 predictors (physical activity, age, sex, and depressive symptoms). 

The range of possible effect sizes are derived from Stade et al.’s (2023) correlations between the 

perseverative thinking and clinical outcomes (presence of psychiatric disorder, treatment status, 

etc.). Figure 2 is a graph of the required sample size given a range of possible expected values of 

the relationship between the perseverative thinking speech model and physical activity. Because 

this is a pilot investigation, we powered for the strongest effect size from Stade (2023), which 

corresponds to F = 0.195, which yields a sample size of n = 44. To account for possible 

actigraphy file corruption and participant dropout we recruited 52 participants.  

Figure 2. Relationship Between Effect Size and Required Sample Size Given 4 Predictors, p = 

0.05, and 80% Power 
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2.3.4. Recruitment 

Participants were recruited via the Depression Clinical Research Program (DCRP) based 

at the Nova Scotia Health and Dalhousie University in Halifax, Nova Scotia, Canada. The DCRP 

coordinates several clinical trials for major depressive disorder as well as a longitudinal study 

titled Predictors of Outcome in Mood Disorders (POM-D; REB #1026578).  The DCRP relies on 

social media advertisements and clinician referrals. There is an existing pool of over 400 eligible 

participants interested in being contacted for future research studies from which we drew to 

complete recruitment. Additionally, the Enabling Neuroscience research Approaches for Brain, 

feeLings and Emotions study (ENABLE; ROMEO #1030130) shared advertisement materials 

with their participants, many of whom completed the current study. 

Participants were asked to wear the actigraphy device continuously for two weeks. We 

anticipated that some participants would occasionally remove it to be more comfortable while 

sleeping, to wear jewelry or personal activity-tracking watches, or while they bathe. To mitigate 

this, the importance of continuously wearing the device was emphasized during the consent 

process, as was the device’s resilience to water and weather conditions.  

2.3.5. Assessments 

A research assistant scheduled telephone screening calls with candidate participants. At 

this call, demographic, treatment, and diagnostic information was collected. 

Following the screening call, a baseline assessment was scheduled. A research assistant 

completed the informed consent process with the participant, collected demographic information, 

gave them the actigraphy device, and collected the speech sample. The SCID-5 (First, 2015) and 

MADRS interviews were conducted and the PTQ and IPAQ were completed. The MADRS 

assessment reflected the previous week, while the PTQ and IPAQ reflected the previous two 
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weeks to allow for overlap with the actigraphy recording period. The IPAQ was completed as an 

interview assessment rather than a questionnaire, as many participants expressed having 

difficulty with the IPAQ self-report form. 

Two weeks post-baseline, participants came back to the lab to return the actigraphy 

device. At these visits, participants repeated the PTQ, and IPAQ, and the research assistant 

administered the MADRS interview to assess mood over the previous week. The schedule is 

summarized in Table 1. 

Table 1. Schedule of Assessments 

 SCID-5 MADRS Speech 

Sample 

PTQ IPAQ Actigraphy 

Baseline X X X X X X 

Follow-up  X X X X X 

Note. The actigraphy data were continuously collected for the two-week period while the speech 

analysis, MADRS interview, and questionnaires was collected at in-person visits. 

2.3.6. Analysis 

The perseverative thinking and physical activity questionnaire scores, as well as the 

MADRS and demographic information were entered into the CDRIN Registry (ROMEO 

#100270), a data repository of almost 500 research participants, most of whom have mood 

disorders. The data were imported and analyzed in RStudio (Posit team, 2024).  

2.3.6.1. Calculation of IPAQ variables 

 The IPAQ scores were calculated by entering the total minutes in each activity category 

(walking, moderate, and vigorous) and multiplying the minutes by each category’s respective 

multiplier (3.3, 4, and 8, respectively) according to scoring guidelines (Forde et al., 2018). The 

scores were cross-verified for agreement with an online calculator that translated responses to the 

IPAQ into total MET minute scores (Hashim, 2023). A total score was then calculated for the 

baseline IPAQ (i.e., the two weeks before the actigraphy period) and the follow-up IPAQ (i.e., 
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the two weeks during the actigraphy period). Each two-week score was then averaged into one-

week scores. Ultimately, each participant had two one-week average IPAQ scores, in metabolic 

equivalent task minutes (MET minutes); one at baseline, and one at follow-up. MET minutes are 

a measurement of time spent in physical activity that accounts for exertion (Jetté & Blümchen, 

1990). For example, one minute of walking spends the same caloric energy as 3.3 minutes 

inactive; one minute spent in moderate activity spends the same caloric energy as 4 minutes 

inactive; and one minute spent in vigorous activity spends the same caloric energy as 8 minutes 

inactive. The subjective total weekly activity variable was measured in MET minutes to account 

for exertion, while the subjective moderate-to-vigorous and sedentary time was measured only in 

duration (minutes) because it is already categorized by the intensity of the activity. 

2.3.6.2. Analysis of Speech Samples  

We trained our own model using our dataset. Following Stade’s (2023) protocol, we used 

the Linguistic Inquiry and Word Count (Pennebaker et al., 2015) lexicon to identify language 

features such as I-usage and negative emotion language. We then attributed emotional valence, 

arousal, and intensity to spoken words using the National Research Council Canada 

(Mohammed, 2018a; Mohammed, 2018b) and obtained concreteness scores from Brysbaert and 

colleagues (2013). Some features and words were weighted based on the frequency at which they 

appeared during speech samples, such that their contribution to perseverative thinking model 

scores were amplified, while others were dampened. For example, the weighting of the word 

‘the’ on perseverative thinking scores was dampened as it appears so frequently it would 

otherwise dominate the model. In contrast, a word like ‘incessantly’ is relevant to perseverative 

thinking and should factor into the model but may appear so infrequently that it would have a 

negligible effect, so its weighting would be amplified. The relationship between features of 

speech and self-reported perseverative thinking was then modeled using elastic-net regularization 
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(Zou & Hastie, 2005). Using random forest machine learning, the objective perseverative 

thinking scores were generated.  

2.3.6.3. Analysis of Actigraphy Variables 

To process the actigraphy data we used the GGIR package for R (Migueles et al., 2018). 

This package compiles raw actigraphy files and provides a summary of key sleep, activity, and 

quality control variables. For the present investigation, we used GGIR to collect time spent 

sedentary and time spent in light, moderate, and vigorous activity, as well as the mean 

acceleration during most active consecutive ten hours of the actigraphy recording period (M10) 

and acceleration during the least active consecutive five hours of the actigraphy recording period 

(L5). M10 was used to reflect how active participants are during the day and was the 

independent variable in the primary analysis. M10 was chosen instead of total physical activity 

because the latter can reflect lower sleep quality (e.g., participants are more active because they 

sleep less, not because they habitually engage in physical activity; Pesonen et al., 2011). 

2.3.6.4. Statistical analysis 

The primary hypothesis was tested using a mixed-effects model of perseverative thinking 

scores derived from speech analysis and accelerometer-based physical activity. The objective 

perseverative thinking scores were modeled as a linear function of M10 values with participant 

ID, age, sex, depressive symptoms, and mood disorder diagnoses as covariates.  

For all but one exploratory analysis, the dependent variable was subjective or objective 

perseverative thinking, and subjective total activity, objective or subjective MVPA, or objective 

or subjective sedentary time as the independent variable. 

For the final exploratory analysis, the objective and subjective measurements of physical 

activity were displayed on a Bland-Altman plot (Giavarina, 2015) to detect measurement bias 

(i.e., whether physical activity values differ by measurement via IPAQ or accelerometry). The 
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Bland-Altman analysis compares two measurement methods by calculating the mean difference 

in scores between the two measurements, the limits of agreement (i.e., the range of values within 

which 95% of the differences lie), and t and r statistics that indicate the magnitude of differences 

and the strength of systematic bias, respectively. Two sensitivity analyses were conducted. 

Firstly, we replaced sex as a covariate with gender to test for any differences between the two. 

Secondly, as some participants fell ill or sustained injuries during the actigraphy period, these 

files were omitted for a sensitivity analysis to detect whether illness or injury confounded the 

results. To check the statistical assumptions required for multiple linear regression, activity and 

perseverative thinking scores were visually inspected to ensure they are normally distributed.  

For the exploratory analyses, we calculated sedentary time, time in moderate-to-vigorous 

physical activity, and relative amplitude (RA). Relative amplitude is the difference in 

acceleration between the most active and least active continuous 10-hours and 5-hours of activity 

during the recording period divided by the sum of the same variables (Gao et al., 2023; 
(𝑀10−𝐿5)

(𝑀10+𝐿5)
).  

For every analysis, the physical activity and perseverative thinking variables were both 

standardized, while age, sex, MADRS scores, and mood disorder diagnosis were not 

standardized. 

2.3.6.5. Covariates 

 Age, sex, MADRS score, and lifetime diagnosis of MDD were included as covariates in 

all analyses. Sex was coded as 0 = male and 1 = female and mood disorder diagnosis was coded 

as 0 = bipolar disorder and 1 = major depressive disorder.  

2.3.6.6. Sensitivity analyses 

Five sensitivity analyses were conducted for the primary hypothesis test of the 

relationship between objectively-measured perseverative thinking and objectively-measured 
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physical activity. Firstly, sex was replaced with gender; secondly, the lifetime major depressive 

disorder diagnosis was replaced with lifetime generalized anxiety disorder, as the latter’s central 

feature is worry, which is an example of perseverative thinking equally important to rumination; 

thirdly, three participants whose actigraphy recording periods were during non-ideal conditions 

(i.e., illness, injury, accelerometer worn on hip instead of wrist) were excluded to evaluate if their 

recordings influenced the regression; the relationship between M10 and objective perseverative 

thinking scores was calculated only in participants with MDD to test if the relationship differs by 

mood disorder diagnosis; and the relationship between M10 and objective perseverative thinking 

scores was calculated in people with a MADRS score above 12 to verify if the relationship is 

present only in people with current depression. 

2.4. Results 

2.4.1. Sample Description 

We recruited 27 women, 23 men, and 2 non-binary participants. Their mean age overall 

was 43.38 (SD = 13.75); for people with MDD it was 45.2 (SD = 13.6) and for people with BD it 

was 38.6 (13.1). The participants’ mean BMI was 28.81 (SD = 7.24) which indicates pre-obesity 

category (World Health Organization, 2010). Almost half of the participants had an income 

between $25,000 and $75,000 per year. Most participants had post-secondary education and were 

white. Less than one third of the participants had bipolar disorder and the rest were diagnosed 

with major depressive disorder. The mean MADRS score was 11.37 (SD = 9.96), indicating mild 

depressive symptoms at the time of participating. About a quarter (23.1%) of the sample had no 

anxiety disorder, two thirds (61.5%) of the sample had one or two anxiety disorder diagnoses, 

and 15.1% had three or more anxiety disorder diagnoses, most often social anxiety disorder and 
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generalized anxiety disorder. Two thirds of the participants were treated with psychiatric 

medication. 

Table 2. Participant Demographics (N = 52) 

Variable MDD BD Total % of 

sample 

Sex     

 Female 22 7 29 55.8 

 Male 16 7 23 44.2 

Gender     

 Woman 21 6 27 51.9 

 Man 16 7 23 44.2 

 Non-binary 1 1 2 3.8 

Mood disorder diagnosis     

 MDD - - 38 73.1 

 BD - - 14 26.9 

Anxiety disorder diagnosis     

 PD 6 1 7 13.5 

 AG 5 1 6 11.5 

 SAD 18 8 26 50.0 

 SP 6 2 8 15.4 

 GAD 19 5 24 46.2 

Participants with # of  

anxiety disorder diagnoses 

   

 

 1 anxiety disorder 9 6 15 28.8 

 2 anxiety disorders 16 2 18 34.6 

 3+ anxiety disorders 4 2 6 11.5 

 No anxiety diagnosis 9 4 13 25.0 

Household income     

 <$10,000 0 0 0 0.0 

 $10,000 – $24,999  4 3 7 13.5 

 $25,000 - $49,000 11 3 14 26.9 

 $50,000 - $74,999 9 2 11 21.2 

 $75,000 - $99,999 6 0 6 11.5 

 $100,000 - $149,999 4 4 8 15.4 

 $150,000 - $199,999 2 0 2 3.8 

 $200,000+ 1 2 3 5.8 

 Don’t know 1 0 1 1.9 

Education     

 No high school diploma 0 0 0 0.0 

 GED 0 0 0 0.0 

 High school diploma 10 5 15 28.8 

 Bachelor’s degree 15 3 18 34.6 

 Professional degree 7 1 8 15.4 

 Graduate degree 6 5 11 21.2 
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Variable MDD BD Total % of 

sample 

Marital status     

 Single 17 5 22 42.3 

 Cohabitating 9 3 12 23.1 

 Married 8 4 12 23.1 

 Separated 4 2 6 11.5 

Psychiatric medication     

 Yes 23 12 35 67.3 

 No 15 2 17 32.7 

Ethnicity     

 White 32 12 44 84.6 

 Black 2 0 2 3.8 

 Indigenous 1 1 2 3.8 

 Asian 3 1 4 7.7 

Note. MDD = major depressive disorder, BD = bipolar disorder, PD = panic disorder, AG = 

agoraphobia, SAD = social anxiety disorder, SP = specific phobia, GAD = generalized anxiety 

disorder. Diagnoses are lifetime diagnoses, not current; Income, education, marital status all 

reflect what was true at the time of assessment.  

 

The correlations between all perseverative thinking and physical activity variables are 

displayed in Table 3. Due to an error in data collection, 3 participants are missing baseline IPAQ 

data. Therefore, follow-up data are used when possible, and analyses using baseline IPAQ data 

have 49 participants included.
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Table 3. Correlations, Means, Standard Deviations, and Confidence Intervals of Perseverative Thinking and Physical Activity 

Variables at follow-up (N = 52) 

  

Variable M SD 1 2 3 4 5 6 7 8 9 

            

1. PTQ 29.08 13.54                   

                        

2. 

Objective 

PT 

31.07 5.14 .30*                 

      [.03, .53]                 

                        

3. 

MADRS 

10.63 9.85 .56** .38**               

      [.34, .72] [.12, .59]               

                        

4. Weekly 

subjective 

MET 

minutes 

3351.79 3726.47 .00 -.12 -.14             

  
    [-.27, .27] [-.38, .16] [-.40, 

.14] 

            

                        

5. M10 40.02 13.97 .08 .03 -.01 .56**           

  
    [-.20, .34] [-.24, .30] [-.28, 

.26] 

[.34, .72]           

                        

6. Weekly 

subjective  

minutes in 

MVPA 

471.26 530.18 .00 -.18 -.11 .95** .46**         

  
    [-.27, .27] [-.43, .10] [-.37, 

.17] 

[.91, .97] [.21, .65]         

3
6
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Note. PTQ = perseverative thinking questionnaire, Objective PT = perseverative thinking score via speech analysis, MET = metabolic 

equivalent task minutes, M10 = average acceleration in most active 10 consecutive hours, MVPA = moderate-to-vigorous physical 

Variable M SD 1 2 3 4 5 6 7 8 9 

                        

7. Weekly 

objective 

minutes in 

MVPA 

458.86 303.99 -.01 .00 -.03 .56** .92** .47**       

  
    [-.28, .26] [-.27, .28] [-.30, 

.24] 

[.34, .72] [.87, .96] [.23, .66]       

                        

8. Weekly 

subjective 

minutes 

sedentary  

2660.77 1244.49 .24 .12 .32* -.47** -.28* -.41** -.23     

  
    [-.04, .48] [-.16, .38] [.05, 

.55] 

[-.66, -

.22] 

[-.51, -

.01] 

[-.62, -

.16] 

[-.48, .04]     

                        

9. Weekly 

objective 

minutes 

sedentary  

4018.43 646.29 -.07 -.09 -.09 -.43** -.70** -.31* -.66** .16   

  
    [-.33, .21] [-.36, .18] [-.35, 

.19] 

[-.63, -

.18] 

[-.82, -

.53] 

[-.53, -

.04] 

[-.79, -

.47] 

[-.11, 

.42] 

  

                        

10. 

Relative 

amplitude 

0.79 0.07 .20 -.01 .15 .34* .77** .28* .69** -.16 -

.67** 

  
    [-.08, .45] [-.28, .26] [-.13, 

.41] 

[.08, .56] [.63, .86] [.01, .51] [.52, .81] [-.41, 

.12] 

[-.80, 

-.49] 

                        

3
7

 



38 

activity. M and SD are used to represent mean and standard deviation, respectively. Values in square brackets indicate the 95% 

confidence interval for each correlation. The confidence interval is a plausible range of population correlations that could have caused 

the sample correlation (Cumming, 2014). * indicates p < .05. ** indicates p < .01.

3
8
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 Table 4 shows the means and standard deviations of all physical activity and 

perseverative thinking variables at baseline. The follow-up values are displayed because only the 

follow-up subjective measures align temporally with the objective measures and three baseline 

IPAQ entries are missing due to an error in data collection. 

Table 4. Means and Standard Deviations of Perseverative Thinking, Daily Physical Activity, and 

MADRS Scores at Follow-Up (N = 52).  

Variable Mean (SD) 

 MDD (n = 38) BD (n = 14) Total (n = 52) 

Perseverative thinking (weekly)     

 PTQ (subjective) 30.3 (11.9) 25.9 (17.4) 29.1 (13.5) 

 Speech analysis (objective) 31.3 (5.3) 30.6 (4.8) 31.1 (5.1) 

Physical activity (daily)    

 Total activity (subjective, mins) 125.7 (131.5) 80.54 (62.5) 113.5 (118.1) 

 Total activity (objective, mins) 344.1 (108.9) 258.0 (80.2) 320.9 (108.3) 

 MVPA (subjective, mins) 72.0 (84.0) 54.6 (46.5) 67.3 (75.7) 

 MVPA (objective, mins) 74.1 (43.7) 42.2 (33.9) 65.6 (43.4) 

 Sedentary time (subjective, mins) 361.4 (178.5) 431.0 (171.7) 380.1 (177.8) 

 Sedentary time (objective, mins) 571.9 (94.3) 580.0 (89.9) 574.1 (92.3) 

 M10 (objective, mg) 43.2 (14.0) 31.5 (10.1) 40.0 (14.0) 

 Relative amplitude (objective) 0.804 (0.068) 0.767 (0.057) 0.794 (0.067) 

Depressive symptoms (weekly)    

 MADRS 11.2 (8.2) 11.9 (13.9) 11.4 (10.0) 

Note. SD = standard deviation, MDD = major depressive disorder, BD = bipolar disorder, PTQ = 

Perseverative Thinking Questionnaire, MET mins = metabolic equivalent task minutes, MVPA = 

moderate-to-vigorous physical activity.  

2.4.2. Bland-Altman Analysis 

 The Bland-Altman analysis indicated little agreement between the IPAQ and actigraphy 

in the estimation of minutes of total activity (mean difference [minutes] ± standard deviation 

[minutes] = -1451.6.4 ± 768.0, upper limit of agreement = 53.8, lower limit of agreement = -

2956.9, r = 0.11, p = 0.47; t = -13.6, p < 0.001), minutes of MVPA (12.4 ± 471.3 [-911.3, 936.1], 

r = 0.72, p < 0.0001; t = 0.19, p = 0.85), and minutes sedentary (-1357.7 ± 1304.2, [-3914.0, 

1198.7], r = 1.01, p < 0.0001; t = -7.51, p < 0.0001). For total activity and sedentary time, the t-
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value is large, indicating significant mean bias. The large r values for MVPA and sedentary time 

indicate significant systematic bias, meaning the extent of the bias changes as the values of PA 

change (i.e., larger bias with larger values). The mean differences of MVPA are small, but the 

range between the lower and upper levels of agreement indicate large within-participant 

differences in estimated activity. Participants underestimated total time in physical activity and 

time spent sedentary. 

 The assessment of perseverative thinking by PTQ and by speech analysis also had little 

agreement (displayed in units of PTQ score ranging 0-60; -1.8 ± 12.8 [-26.9, 23.3], r = 1.25, p < 

0.0001; t = -1.11, p = 0.272) as demonstrated by the wide range between the lower and upper 

levels of agreement. The mean difference was not significant, indicating no significant bias, but 

the bias does increase as values of perseverative thinking increase. As seen with activity, the 

mean differences are small. The limits of agreement have a reasonably narrow range, indicating 

agreement between objective and subjective measurement of perseverative thinking. However, 

the r-value is significant, indicating a systematic bias, meaning the bias increases as 

perseverative thinking scores increase. The corresponding plots for the Bland-Altman analyses 

herein are shown in Figure 3, Figure 4, Figure 5, and Figure 6. 
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Figure 3. Bland-Altman Plot Comparing Estimation of Weekly Minutes of Total Activity with 

the IPAQ and Actigraphy 

 

Note: IPAQ = International Physical Activity Questionnaire, MET = metabolic equivalent task.  
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Figure 4. Bland-Altman Plot Comparing Estimation of Weekly Minutes in Moderate-to-

Vigorous Physical Activity with the IPAQ and Actigraphy 

 

Note: IPAQ = International Physical Activity Questionnaire, MVPA = moderate-to-vigorous 

activity.   
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Figure 5. Bland-Altman Plot Comparing Estimation of Weekly Sedentary Time with the IPAQ 

and Actigraphy 

 

Note: IPAQ = International Physical Activity Questionnaire.  
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Figure 6. Bland-Altman Plot Comparing Measurement of Perseverative Thinking Using the PTQ 

and Speech Analysis 

 

Note: PTQ = Perseverative Thinking Questionnaire. 
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2.4.3. Primary Analysis 

2.4.3.1. Objective Perseverative Thinking and Objective Physical Activity 

 There was no relationship between objectively-measured perseverative thinking and 

objectively-measured physical activity (β = -0.09, [-0.32, 0.15], p = 0.494, R2 = 0.651). Table 5 

displays the standardized regression coefficients for each predictor. 

2.4.4. Exploratory Analyses 

There was also no relationship between objectively-measured perseverative thinking and 

moderate-to-vigorous physical activity (β = -0.08 [-0.31, 0.16], p = 0.529, R2 = 0.651), sedentary 

time (β = 0.02 [-0.2, 0.3], p = 0.862, R2 = 0.651), or relative amplitude (β = -0.15 [-0.39, 0.084], 

p = 0.231, R2 = 0.647). Table 5 displays the regression coefficients for every predictor. 

Table 5. Mixed model regression with objective (actigraphy) total activity, MVPA, sedentary 

time, and relative amplitude predicting objective (speech analysis) perseverative thinking 

scores with participant ID, age, sex, mood symptoms, and mood disorder diagnosis as covariates 

(N = 52). 

Effect 
Regression Coefficient 

(95% CI) 
SE t df p 

M10      

Intercept 0.09 (-0.8, 0.9) 0.45 0.20 49.94 .839 

M10 -0.09 (-0.32, 0.15) 0.13 -0.69 46.26 .494 

Age -0.02 (-0.03, 0.0004) 0.01 -1.84 46.44 .072 

Sex -0.10 (-0.54, 0.35) 0.23 -0.41 46.26 .684 

MADRS 0.03 (0.016, 0.05) 0.01 3.50 92.55 < .001*** 

Mood disorder type 0.38 (-0.16, 0.93) 0.29 1.32 46.25 .194 

Minutes MVPA      

Intercept 0.10 (-0.76, 0.95) 0.45 0.22 49.94 .826 

Weekly mins MVPA  

 (actigraphy) 

-0.08 (-0.31, 0.16) 0.12 -0.63 46.25 .529 

Age -0.02 (-0.03, 0.0006) 0.01 -1.82 46.47 .075 

Sex -0.11 (-0.55, 0.34) 0.24 -0.45 46.27 .656 

MADRS 0.03 (0.02, 0.05) 0.01 3.48 92.58 < .001*** 
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Mood disorder type 0.37 (-0.17, 0.90) 0.28 1.29 46.25 .204 

Minutes sedentary      

Intercept 0.11 (-0.76, 0.98) 0.46 0.25 49.49 .807 

Weekly sedentary minutes 

 (actigraphy) 

0.02 (-0.2, 0.3) 0.12 0.17 46.66 .862 

Age -0.02 (-0.03, 0.001) 0.01 -1.72 46.32 .092 

Sex -0.08 (-0.5, 0.4) 0.24 -0.33 46.25 .740 

MADRS 0.03 (0.02, 0.05) 0.01 3.47 93.10 < .001*** 

Mood disorder type 0.31 (-0.20, 0.81) 0.27 1.14 46.26 .259 

Relative amplitude      

 Intercept 0.09 (-0.8, 0.9) 0.45 0.20 49.81 .843 

 Relative amplitude -0.15 (-0.39, 0.084) 0.12 -1.21 47.33 .231 

 Age -0.02 (-0.03, -0.001) 0.01 -2.01 46.10 .051 

 Sex -0.04 (-0.5, 0.4) 0.23 -0.18 46.06 .860 

 MADRS 0.04 (0.02, 0.06) 0.01 3.69 93.03 < .001*** 

 Mood disorder type 0.40 (-0.12, 0.92) 0.27 1.46 46.22 .152 

Note: M10 = acceleration during most active consecutive 10 hours, MDD = major depressive 

disorder, MADRS = Montgomery-Åsberg Depression Rating Scale, MVPA = moderate-to-

vigorous physical activity. The physical activity and perseverative thinking variables are both 

standardized, while the covariates are not. *** p <0.001, ** p <0.01, * p<0.05. 

2.4.4.1. Objective Perseverative Thinking and Subjective Physical Activity 

There was no relationship between objectively-measured perseverative thinking and 

subjectively-measured total physical activity (β = -0.04 [-0.2, 0.2], p = 0.685, R2 = 0.644), 

moderate-to-vigorous physical activity (β = -0.07 [-0.3, 0.1], p = 0.498, R2 = 0.639), or sedentary 

time (β = 0.07 [-0.1, 0.3], p = 0.513, R2 = 0.652). The standardized regression coefficients for 

every predictor are available in Table 6. 
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Table 6. Mixed model regression with subjective (IPAQ) total activity, MVPA, and sedentary 

time predicting objective (speech analysis) perseverative thinking scores with participant ID, 

age, sex, mood symptoms, and mood disorder diagnosis as covariates (N = 49). 

Effect 
Regression Coefficient 

(95% CI) 
SE t df p 

MET minutes      

 Intercept 0.02 -0.8, 0.9) 0.46 0.05 49.59 .957 

 Weekly average MET minutes 

 (IPAQ) 

-0.04 (-0.2, 0.2) 0.10 -0.41 83.13 .685 

 Age -0.02 (-0.03, 0.001) 0.01 -1.74 45.76 .088 

 Sex -0.06 (-0.5, 0.4) 0.23 -0.24 46.20 .809 

 MADRS 0.03 (0.02, 0.05) 0.01 3.47 91.12 < .001*** 

 Mood disorder type 0.35 (-0.16, 0.85) 0.27 1.30 46.47 .201 

Minutes MVPA      

 Intercept 0.02 (-0.8, 0.9) 0.45 0.05 48.88 .958 

 Weekly average minutes MVPA  

 (IPAQ) 

-0.07 (-0.3, 0.1) 0.10 -0.68 88.47 .498 

 Age -0.02 (-0.03, 0.001) 0.01 -1.75 45.17 .087 

 Sex -0.06 (-0.5, 0.4) 0.23 -0.24 45.71 .809 

 MADRS 0.03 (0.02, 0.05) 0.01 3.48 90.33 < .001*** 

 Mood disorder type 0.35 (-0.15, 0.85) 0.26 1.31 45.96 .197 

Minutes sedentary      

 Intercept 0.04 (-0.8, 0.9) 0.46 0.08 50.58 .936 

 Weekly average minutes  

 sedentary (IPAQ) 

0.07 (-0.1, 0.3) 0.11 0.66 85.24 .513 

 Age -0.02 (-0.03, 0.001) 0.01 -1.74 46.35 .088 

 Sex -0.05 (-0.5, 0.4) 0.24 -0.23 46.71 .819 

 MADRS 0.03 (0.01, 0.05) 0.01 3.19 93.82 .002** 

 Mood disorder type 0.35 (-0.15, 0.86) 0.27 1.32 47.07 .193 

Note: MET = metabolic equivalent task, IPAQ = International Physical Activity Questionnaire, 

MADRS = Montgomery-Åsberg Depression Rating Scale, MVPA = moderate-to-vigorous 

physical activity, MDD = major depressive disorder. The physical activity and perseverative 

thinking variables are both standardized, while the covariates are not. *** p <0.001, ** p <0.01, 

* p<0.05. 
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2.4.4.2. Subjective Perseverative Thinking and Objective Physical Activity 

There was no relationship between subjectively-measured perseverative thinking and 

objectively-measured physical activity (β = -0.09 [-0.3, 0.1], p = 0.418 R2 = 0.827), moderate-to-

vigorous physical activity (β =-0.16 [-0.36, 0.040], p = 0.139, R2 = 0.827), sedentary time (β = -

0.07 [-0.13, 0.28], p = 0.493, R2 = 0.826),  or relative amplitude (β = -0.04 [-0.2, 0.2], p = 0.754, 

R2 = 0.826). Table 7 displays the standardized regression coefficients for every predictor. 

Table 7. Mixed model regression with objective (actigraphy) MVPA, sedentary time, and 

relative amplitude predicting subjective perseverative thinking (PTQ) scores with participant 

ID, age, sex, mood symptoms, and mood disorder diagnosis as covariates (N = 52). 

Effect 
Regression Coefficient 

(95% CI) 
SE t df p 

M10      

Intercept -0.27 (-1.0, 0.47) 0.40 -0.69 46.86 .494 

M10 -0.09 (-0.3, 0.1) 0.11 -0.82 43.00 .418 

Age -0.02 (-0.03, -0.002) 0.01 -2.18 43.18 .034* 

Sex 0.09 (-0.3, 0.5) 0.21 0.44 43.00 .661 

MADRS 0.04 (0.03, 0.06) 0.01 5.91 97.73 < .001*** 

Mood disorder type 0.63 (0.14, 1.1) 0.26 2.45 42.99 .019* 

Minutes MVPA      

Intercept -0.27 (-1.0, 0.46) 0.39 -0.70 46.81 .489 

Average weekly minutes  

 MVPA (actigraphy) 

-0.16 (-0.36, 0.040) 0.11 -1.51 42.93 .139 

Age -0.02 (-0.03, -0.003) 0.01 -2.30 43.16 .026* 

Sex 0.06 (-0.3, 0.4) 0.21 0.28 42.95 .784 

MADRS 0.04 (0.03, 0.06) 0.01 5.99 97.90 < .001*** 

Mood disorder type 0.68 (0.21, 1.1) 0.25 2.74 42.93 .009** 

Minutes sedentary      

Intercept -0.22 (-0.99, 0.53) 0.40 -0.55 46.16 .583 

Average weekly minutes  

 sedentary (actigraphy) 

0.07 (-0.13, 0.28) 0.11 0.69 43.22 .493 

Age -0.02 (-0.03, -0.002) 0.01 -2.18 42.87 .034* 

Sex 0.12 (-0.27, 0.51) 0.21 0.57 42.80 .571 

MADRS 0.04 (0.03, 0.06) 0.01 5.93 97.63 < .001*** 
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Mood disorder type 0.56 (0.11, 1.00) 0.24 2.37 42.81 .022* 

Relative amplitude      

 Intercept -0.26 (-1.03, 0.49) 0.40 -0.66 46.69 .510 

 Relative amplitude -0.04 (-0.2, 0.2) 0.11 -0.32 44.10 .754 

 Age -0.02 (-0.03, -0.002) 0.01 -2.08 42.84 .043* 

 Sex 0.12 (-0.28, 0.51) 0.21 0.55 42.80 .585 

 MADRS 0.04 (0.03, 0.06) 0.01 5.84 97.25 < .001*** 

 Mood disorder type 0.56 (0.10, 1.0) 0.25 2.29 42.97 .027* 

Note: PTQ = Perseverative Thinking Questionnaire, M10 = acceleration during most active 

consecutive 10 hours; MADRS = Montgomery-Åsberg Depression Rating Scale; MDD = major 

depressive disorder; MVPA = moderate-to-vigorous physical activity. The physical activity and 

perseverative thinking variables are both standardized, while the covariates are not. *** p 

<0.001, ** p <0.01, * p<0.05. 

2.4.4.3. Subjective Perseverative Thinking and Subjective Physical Activity 

 There was no relationship between subjective perseverative thinking and total subjective 

activity (β = 0.00 [-0.16, 0.16], p = 0.988, R2 = 0.819), average weekly minutes of MVPA (β = 

0.00 [-0.1, 0.2], p = 0.847, R2 = 0.818), or average weekly subjective sedentary time (β = 0.10 [-

0.064, 0.26], p = 0.259, R2 = 0.817). The standardized regression coefficients for each model are 

available in Table 8. 

Table 8. Mixed model regression with subjective (IPAQ) total activity, MVPA, and sedentary 

time predicting subjective perseverative thinking (PTQ) scores with participant ID, age, sex, 

mood symptoms, and mood disorder diagnosis as covariates (N = 49). 

Effect 
Regression Coefficient 

(95% CI) 
SE t df p 

MET minutes      

 Intercept -0.30 (-1.0, 0.45) 0.39 -0.76 48.02 .451 

 Average weekly MET  

 minutes (IPAQ) 

0.00 (-0.16, 0.16) 0.08 0.01 93.34 .988 

 Age -0.02 (-0.03, -0.001) 0.01 -2.06 44.04 .045* 

 Sex 0.10 (-0.29, 0.49) 0.20 0.49 44.22 .628 
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 MADRS 0.04 (0.03, 0.06) 0.01 5.91 94.54 < .001*** 

 Mood disorder type 0.56 (0.11, 0.99) 0.23 2.39 44.49 .021 

Minutes MVPA      

 Intercept -0.31 (-1.1, 0.44) 0.40 -0.79 50.62 .435 

 Average weekly minutes in  

 MVPA (IPAQ) 

0.00 (-0.1, 0.2) 0.00 0.19 94.99 .847 

 Age -0.02 (-0.03, -0.001) 0.01 -2.07 43.89 .045* 

 Sex 0.10 (-0.29, 0.49) 0.20 0.49 44.16 .624 

 MADRS 0.05 (0.03, 0.06) 0.01 5.94 94.66 < .001*** 

 Mood disorder type 0.55 (0.11, 0.99) 0.23 2.39 44.36 .021* 

Minutes sedentary      

 Intercept -0.28 (-1.0, 0.45) 0.38 -0.73 48.27 .470 

 Weekly average  

 minutes sedentary (IPAQ) 

0.10 (-0.064, 0.26) 0.08 1.14 93.04 .259 

 Age -0.02 (-0.03, -0.002) 0.01 -2.16 44.03 .037* 

 Sex 0.10 (-0.28, 0.47) 0.20 0.48 44.19 .635 

 MADRS 0.04 (0.03, 0.06) 0.01 5.56 93.68 < .001*** 

 Mood disorder type 0.58 (0.15, 1.0) 0.23 2.55 44.59 .014* 

Note: IPAQ = International Physical Activity Questionnaire, PTQ = Perseverative Thinking 

Questionnaire, MET = Metabolic Equivalent Task, MVPA = moderate-to-vigorous physical 

activity, MADRS = Montgomery-Åsberg Depression Rating Scale. The physical activity and 

perseverative thinking variables are both standardized, while the covariates are not. *** p 

<0.001, ** p <0.01, * p<0.05. 

2.4.5. Sensitivity Analyses 

 The relationship between M10 and objective perseverative thinking using gender instead 

of sex remained insignificant (β = -0.04 [-0.12, 0.05], p = 0.423, R2 = 0.651), as did using 

lifetime diagnosis of generalized anxiety disorder instead of mood disorder type (β = 0.0001 [-

0.02, 0.02], p = 0.889, R2 = 0.651), excluding imperfect actigraphy recordings (β = -0.004 [-0.02, 

0.01], p = 0.695, R2 = 0.651), only including participants with MDD (β = -0.008 [-0.03, 0.01], p 

= 0.431, R2 = 0.641), or only including participants whose MADRS score was above 12 (β = 0.04 

[-0.6, 0.6], p = 0.913, R2 = 0.730). 
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2.5. Discussion 

2.5.1. Interpretation of Results 

 The primary hypothesis was not confirmed; there was no relationship between 

objectively-measured physical activity and objectively-measured perseverative thinking. It could 

be that there is no relationship between objectively-measured perseverative thinking and 

objectively-measured physical activity. To the authors’ knowledge, there are no other studies 

comparing accelerometer-derived physical activity with objective perseverative thinking, but 

articles using subjective measurement are available for comparison with the findings herein. 

Previous investigations using only subjective measurements found significant, negative 

relationships between perseverative thinking and physical activity (Liu et al., 2023; Clancy et al., 

2020a; Shanmugasegaram et al., 2011; Zhu et al., 2024; Riley et al., 2022; Xu et al., 2025; Zeng 

et al., 2022; Ye et al., 2022). Of note, the effect size we found is comparable to what was found 

in the studies listed above, but our analysis was underpowered to detect an effect of that size. 

Additionally, they may have found significant relationships due to common method bias. For 

example, Liu and colleagues (2023) conducted a Harmon single factor test and determined that 

35% of the variance in the relationship between physical activity and perseverative thinking was 

due to a single factor. While they concluded that they were under the 40% threshold that 

indicates common method bias, a large proportion of the variance is nonetheless attributable to 

the measurement used and not a true relationship between perseverative thinking and physical 

activity in the sample. Because we used accelerometry and speech analysis instead of self-report, 

our data was not subject to common method bias and this may explain why our results differed 

from previous studies. 
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 Those previous studies may also have found a significant relationship because their 

samples were from different populations than ours. Some studies had samples comprised almost 

entirely of students (Liu et al. 2023; Clancy et al., 2020a; Riley et al., 2021; Riley et al., 2022; 

Zhu et al., 2024; Gordon et al., 2020; Xu et al., 2025; Zeng et al., 2022; Ye et al., 2022) and 

others only of older adults (Shanmugasegaram et al., 2011; Herring et al., 2024; McDowell et al., 

2018). Our sample’s mean age was 43 which indicates little age overlap with student (young 

adult) and older adult samples. In samples of middle-aged adults, the relationship between 

perseverative thinking and physical activity are absent (Rehm et al., 2013; Rehm et al., 2016) or 

small (Kelly et al., 2024). It could be that perseverative thinking and physical activity are not 

related in adults but are related in students (young adults) and older adults. This would explain 

why we found no relationship with either objective or subjective measurements of perseverative 

thinking and physical activity in our sample. 

 It could be that perseverative thinking and physical activity are related in community 

samples (e.g., students, healthy adults, older adults, etc.) but not in people with mood disorders. 

Given that people in major depressive episodes can experience psychomotor agitation (American 

Psychiatric Association, 2013) being more physically active may not necessarily indicate a 

healthier state. This was identified by a previous investigation using ecological momentary 

assessment of rumination and actigraphy and found that the volume of physical activity in a 

recording period had no relationship with rumination (Takano et al., 2013). Similarly, the degree 

of participation in physical activity was not associated with less rumination, but the quality and 

motivation of that participation (e.g., participating to meet others’ expectations) was associated 

with rumination (Huang et al., 2022).  
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There is already substantial evidence that psychomotor changes in people with mood 

disorders are detectable using accelerometry (Wüthrich et al., 2022). Activity levels can increase 

or decrease as symptoms of depression worsen (i.e., major depressive episodes can include 

psychomotor agitation or psychomotor retardation), which could explain the great variation in 

physical activity levels between participants and the lack of relationship between perseverative 

thinking and physical activity in our sample. It may also explain why physical activity is 

consistently identified as a protective factor against incident depression when measuring across 

years-long timeframes (Gianfredi et al., 2023; Andersen et al., 2025; Pearce et al., 2022) but not 

always associated with symptoms of depression in shorter timeframes (Hooijdonk et al., 2025; 

Michalak et al., 2022). Lastly, there is evidence that mind-wandering is associated with less 

moderate-to-vigorous physical activity among students when their mood is low, and the 

relationship is reversed when they are euthymic (Fanning et al., 2016). The relationship between 

perseverative thinking and physical activity may not be present in people with mood disorders. 

Lastly, physical activity may be specifically associated with rumination and not with a 

broader concept of perseverative thinking. There is ample evidence of a negative relationship 

between rumination and subjective physical activity (Riley et al., 2022; Zhu et al., 2024; Xu et 

al., 2025; Shanmugasegaram et al., 2011; Zeng et al., 2022; Ye et al., 2022) with few studies 

finding no relationship (Riley et al., 2021; Riley et al., 2018; Clancy et al., 2016). This may be 

because none of the participants in the first two studies reported more than 20 minutes of 

exercise (Riley et al., 2021; Riley et al., 2018) and the last study was a meta-analysis of only 

three studies, only one of which used a validated measure of perseverative thinking (Clancy et 

al., 2016).  
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In contrast, there is much less evidence of a relationship between broader perseverative 

thinking and physical activity and the evidence that exists indicates no relationship at all (Lu et 

al., 2024) or that physical activity is only associated with less perseverative thinking when the 

intervention also targets psychological processes, such as yoga (Shrimal et al., 2024), which 

often has a relaxation or mindfulness component. This could suggest more physical activity is 

only associated with less rumination insofar as it improves mood, which has been demonstrated 

previously using latent class analysis (Sequira et al., 2024). 

2.5.2. Exploratory Findings 

 We found no relationship between objectively-measured perseverative thinking and 

objectively-measured MVPA, or sedentary time; we found no relationship between objectively-

measured perseverative thinking and subjectively-measured total activity, MVPA, or sedentary 

time; we found no relationship between subjectively-measured perseverative thinking and 

objectively-measured M10, MVPA, sedentary time, or RA; and we found no relationship 

between subjectively-measured perseverative thinking and subjectively-measured total activity, 

MVPA, or sedentary time. Many of the regressions indicated a near-zero relationship between 

perseverative thinking and physical activity. The effect sizes of the relationship between 

subjectively-measured perseverative thinking and objectively-measured MVPA, and objectively-

measured perseverative thinking and relative amplitude were both among the larger ones (albeit 

still within the small category) and could inform hypotheses for future, larger studies. Objective 

MVPA is associated with improvements in perseverative thinking (Basso et al., 2022; Caplin et 

al., 2021; McDowell et al., 2019) and may be associated with less subjective perseverative 

thinking through improvements in mood (Hakimi et al., 2024). The possible relationship between 

relative amplitude and objectively-measured perseverative thinking is supported by findings that 
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relative amplitude is positively associated with better mood outcomes (Smagula, 2016; Lyall et 

al., 2018); objectively-measured perseverative thinking may be more associated with objective 

measurements of circadian rhythms than self-reported perseverative thinking. While to the 

authors’ knowledge there are no other articles evaluating the relationship between relative 

amplitude and perseverative thinking, studies evaluating perseverative thinking and physical 

activity more broadly are discussed in light of the findings herein.  

Fanning and colleagues (2016) found a significant relationship between mind-wandering 

assessed using ecological momentary assessment and accelerometer-derived MVPA in college 

students. The direction of the relationship differed depending on mood state; in people with low 

mood, more MVPA was associated with less mind wandering, and in people who were euthymic, 

MVPA was associated with more mind wandering. As mentioned previously, the relationship 

between perseverative thinking and physical activity may be stronger in people who do not have 

mood disorders. Additionally, we may not have gotten similar results because mind-wandering 

differs from perseverative thinking in that it is not inherently maladaptive and therefore is not a 

direct analogue for perseverative thinking. 

A variable we did not measure that could be relevant is perceived behavioural control 

over physical activity. McCarrick and colleagues (2024) found that worry, but not rumination, 

moderated the relationship between perceived behavioural control and physical activity 

frequency in a community sample; people who worried more had a weaker relationship between 

perceived behavioural control and physical activity. This could reflect a general decreased 

executive control among people who engage in perseverative thinking, which could weaken the 

relationship between perseverative thinking and physical activity, explaining in part our null 

findings. There is already evidence that exercise improves executive functioning in people with 
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major depressive disorder (Ren et al., 2023), indicating that exercise could reduce perseverative 

thinking through improvements in executive functioning among people with mood disorders.  

2.5.3. Comparison of Activity Levels with Existing Research 

 We will use the Vancampfort et al. (2017) meta-analysis to compare activity levels in our 

sample with those of existing research because it has the highest sample size (35,682 across 69 

studies), uses both subjective and objective measurements, includes participants with MDD and 

BD, and has a similar mean age and sex ratio to our sample. Because the Vancampfort and 

colleagues (2017) did not report relative amplitude, other references were found for comparison. 

As seen in Table 4, participants with MDD in our sample reported 72.0 minutes of daily 

MVPA, which aligns closely with the objective measurement of 74.1 minutes; both values are 

more than twice that reported in previous literature (28.8 minutes; Vancampfort et al., 2017). For 

time spent sedentary, participants with MDD in our sample reported 361.4 minutes of daily 

sedentary time, which undercuts the objective measurement of 571.9 minutes. The reference 

value in existing literature falls in between at 414 daily minutes of sedentary time (Vancampfort 

et al., 2017). Lastly, the mean relative amplitude among participants with MDD in our sample 

was 0.80 which corroborates the 0.82 identified in an existing sample of participants with MDD 

(Kang et al., 2024).   

In our sample, participants with bipolar disorder reported 54.6 daily minutes of MVPA 

but the accelerometer measured 42.2 daily minutes of MVPA. Both values are well below the 

84.2 daily minutes of MVPA reported by Vancampfort and colleagues (2017). The mean time 

spent sedentary reported by participants with bipolar disorder in our sample was 431.0, which is 

an underestimation compared to the 580.0 measured using actigraphy. Both values fall short of 

the 615.0 reported in the reference article (Vancampfort et al., 2017). Lastly, the participants with 
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bipolar disorder in our sample reported a mean relative amplitude of 0.77, which is lower than 

the 0.85 reported previously (Rock et al., 2013).  

In summary, participants with MDD in our sample accurately estimated their MVPA and 

engaged in more MVPA than reported by previous articles, underestimated their time spent 

sedentary and were equally sedentary and had a similar relative amplitude to existing research 

(Vancampfort et al., 2017). Participants with bipolar disorder overestimated their MVPA and 

engaged in less MVPA than reported by previous articles, underestimated their time spent 

sedentary time, were more sedentary than previous reports would suggest, and had a lower 

relative amplitude than reported in existing research. Without accounting for mood disorder 

diagnosis, participants in the overall sample accurately estimated MVPA and underestimated 

sedentary time. 

Our findings on the estimation of MVPA align with Vancampfort et al. (2017) but differ 

in that participants in our sample underestimated their time spent sedentary. Our findings on 

MVPA estimation disagreed with Freyberg et al. (2021) and de Nascimento et al. (2022), who 

found that participants with mood disorders underestimated MVPA, but our findings agree in that 

participants underestimated sedentary time. The literature on subjective activity estimates 

compared to actigraphy in people with mood disorders remains mixed. 

While mean differences in activity estimation error are helpful, they can obfuscate more 

subtle differences. On the individual level and as demonstrated by the Bland-Altman analysis in 

Figures 2-5, some participants overestimate and others underestimate any given metric (MVPA, 

sedentary time, etc.). On the group level, these estimates counterbalance each other resulting in 

small mean differences but large variability in estimates, as shown in the wide range between the 

lower and upper limits of agreement. Even without referring to the Bland-Altman analyses, the 
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standard deviation of objective measurements was much smaller than that of the subjective 

measurements, highlighting the greater variation in subjective measurement of physical activity. 

These small mean differences but large variability in estimate accuracy could explain why the 

literature on physical activity estimation among people with mood disorders is inconsistent 

(Vancampfort et al., 2017; Freyburg et al., 2021; de Nascimento et al., 2022).  

While physical activity outcomes are comparable between accelerometer brands 

(Rowlands et al., 2018), inconsistencies between subjective and objective physical activity 

measurements could be due to differences in how moderate and vigorous activity are defined in 

questionnaires compared to actigraphy devices. The former codifies activity as perceived 

increases in heart rate and physical strain, while the latter measures triaxial acceleration in 

milligravities. While there is obviously concordance between perceived physical exertion and 

milligravities, these two methods of measurement have different criteria, and may explain why 

subjective estimates often differ from objective measurements at the level of mean-differences 

(Dyrstad et al., 2014; Cerin et al., 2016) and, as seen in our sample, in the limits of agreement. 

This lack of direct concordance between how physical activity is defined in questionnaires and 

accelerometry may explain the large mean differences we found in total physical activity time in 

our sample. Participants underreported total activity by over 200 minutes per day, which may be 

because the accelerometer detects incidental movements every five-seconds epoch, but the IPAQ 

only counts activity which lasts ten minutes or longer. 

The comparison of minutes in different intensities of activity between our sample and the 

meta-analysis (Vancampfort et al., 2017) is limited in that neither investigation accounted for 

current mood symptoms. The direct comparison is valid because they operated under the same 

parameters, but our results and theirs may have differed if current mood symptoms were taken 
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into account. Changes in movement based on symptoms of depression are detectable via 

actigraphy (Gianfredi et al., 2020; Smagula, 2016; Lyall et al., 2018). The comparison is also 

limited in that Vancampfort and colleagues (2017) pooled subjective and objective measurements 

of time in each category of activity which prevented direct comparisons with our subjective and 

objective measurements. 

Subjective activity estimates may differ from objective physical activity due to simple 

recall error. Participants may have difficulty remembering what activities they engaged in during 

the previous seven days and may discount or emphasize certain activities depending on 

demographic backgrounds, including weight, age, sex, and how much activity was related to 

their occupation (Cerin et al., 2016). Differences in how participants appraise and recall activity 

may explain the disparity between self-reported and objectively-measured physical activity. 

Lastly, M10 and objective MVPA were significantly and positively correlated with 

lifetime MDD. This indicates that people with major depressive disorder were more active on 

average than people with bipolar disorder, as seen in Table 4. Given that the sample includes 

only 14 people with a bipolar disorder and that people with bipolar disorder were shown to be 

more active than people with MDD in existing literature (Vancampfort et al., 2017), this finding 

is likely an artefact of sampling variation. 

2.5.4. Strengths and Limitations 

This investigation has several key strengths. It is the first published study on the 

relationship of objectively-measured perseverative thinking and objectively-measured physical 

activity. Its prospective design, SCID-5 diagnostic information, 100% participant retention 

(including actigraphy recordings), presence of both objective and subjective measurements for 
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predictor and outcome, and inclusion of people with mood disorders are all elements of this 

study that are valuable contributions to the literature. 

The study has several limitations. Firstly, the act of wearing the GeneActiv watch may 

influence activity levels. Many participants reported that “it will be a good week to wear the 

watch” because they anticipated being very active, or returned the watch at the second visit and 

said they “made sure” to be active so that we would receive data about their activity. This could 

also be in part due to the consent process which involved telling participants that taking the 

watch off could make the data unusable. Telling participants that adherence to a sleep schedule 

would be verified with actigraphy data made participants significantly more likely to adhere to 

the sleep schedule (Carney et al., 2010). A similar effect may have emerged here and increased 

activity. 

Additionally, the IPAQ and PTQ are not validated for measurement over two-weeks. It is 

possible that the IPAQ scores were inaccurate due to recall errors for the second week in 

particular, as participants had to remember details about days more than a week ago. We also 

used the IPAQ as an interview assessment, which it is not validated for. We did this to reduce 

participant burden as many of them reported that the volume and specificity of questions can be 

tiresome and having the research assistant navigate the questionnaire on their behalf may ease 

that burden.  

The PTQ scores are less likely to be affected by recall errors, as the recall period of 14 

days is shorter than the one-year period for which it is validated, and the PTQ prompts are 

phrased more generally; for example, the PTQ reads “I can’t do anything else while thinking 

about my problems” rather than “I couldn’t do anything else while thinking about my problems 
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in the last year”. Because the questions do not reference a specific time period, changing the 

period of reference may have little effect on participants’ responses. 

Our study used a different speech protocol than Stade and colleagues (2023). We made 

this decision in the interest of time, as the protocol Stade used the Anxiety and Related Disorders 

Interview Schedule for DSM-5 (Brown & Barlow, 2013) which can take two-to-four hours to 

complete (Tolin et al., 2018) while our speech protocol takes only 10 minutes (Dikaios et al., 

2024). This nonetheless introduces asymmetries between our article and Stade’s; the interviewer 

prompts (and therefore the participants’ words) will differ. Because the ADIS-5 interviews are 

much longer, they will also contain a larger volume of words per participant. 

2.5.5. Clinical Implications 

 Our results do not indicate that physical activity alone is a protective factor against 

perseverative thinking. However, this may be due to our modest sample size. There is some 

promise that regular MVPA may help relieve the experience of subjective perseverative thinking 

(Basso et al., 2022; Caplin et al., 2021; McDowell et al., 2019).  

Based on our results, the benefits of physical activity may not apply to broader 

perseverative thinking. However, there is still ample evidence that physical activity is clinically 

beneficial (Pearce et al., 2022; Singh et al., 2022) and it can be recommended for reducing 

symptoms of depression and anxiety, as it is in the CANMAT guidelines for depression (Lam et 

al., 2023).   

2.5.6. Future Research 

The relationship between perseverative thinking via speech-analysis and relative 

amplitude is worth further investigation. In the current investigation, it appears that the analysis 

was likely underpowered. We recommend that future studies use larger samples. Following 
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existing research on the relationship between relative amplitude and outcomes in people with 

mood disorders, future research could examine the relationship between relative amplitude and 

mood symptoms, perseverative thinking, and other psychological predictors of outcome assessed 

using speech analysis, which would provide insight on the interplay between circadian rhythm 

and psychiatric outcomes without the drawbacks of self-report (Pavlova & Uher, 2020).  

Additionally, it is possible that different people respond differently to physical activity. 

Future research should identify who benefits most from physical activity. For example, given the 

substantial evidence that physical activity is protective against incident depression (Pearce et al., 

2022), physical activity may be beneficial for patients at familial risk for developing mood 

disorders as seen in Walsh et al. (2023). There is also evidence that changes in rumination 

following an aerobic exercise intervention may be related to genetics (Graffos et al., 2019). 

Lastly, different types of activity are associated with different types of perseverative 

thinking. For example, rumination is negatively associated with general physical activity (Liu et 

al., 2023; Clancy et al., 2020b; Shanmugasegaram et al., 2011; Zhu et al., 2024; Riley et al., 

2022; Xu et al., 2025; Zeng et al., 2022; Ye et al., 2022), while worry is negatively associated 

with aerobic exercise specifically (Gordon et al., 2020; O’Sullivan et al., 2023; Herring et al., 

2020; Herring et al., 2017; Herring et al., 2011; Plag et al., 2020). It is possible that any activity 

is sufficient to disrupt rumination, while the physical exertion of aerobic exercise may be 

necessary to quell worry. Future studies should investigate the differential effects of different 

types of exercise (group sports, long-term running or weightlifting, yoga, etc.) on different types 

of perseverative thinking (worry, rumination, obsessions, etc.).  
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3. CHAPTER 3 DISCUSSION 

  



 

64 

 

3.1. Conclusions 

 We investigated the relationship between physical activity and perseverative thinking in 

previous research and in our sample. In existing literature, we found that rumination is 

consistently negatively associated with physical activity, and that aerobic exercise regimens 

reduce self-reported worry symptoms. In our sample, neither subjective nor objective 

perseverative thinking was associated with subjective or objective physical activity.  

3.2. Clinical Implications 

From a clinical perspective, there is sufficient evidence to recommend certain types of 

physical activity as a standalone treatment for some types of perseverative thinking. For 

example, there is ample evidence supporting the use of resistance training or aerobic exercise for 

the treatment of worry for people with and without generalized anxiety disorder (Gordon et al., 

2020; O’Sullivan et al., 2023; Herring et al., 2020; Herring et al., 2017; Herring et al., 2011; Plag 

et al., 2020). The same cannot be said of rumination or broader perseverative thinking, for which 

we identified no dedicated randomized controlled trials. There may be more intervention trials 

for worry because it is the core symptom of a psychiatric illness; the same cannot be said for 

broader perseverative thinking or rumination. 

3.3. Future Research 

The current investigation found no relationship between perseverative thinking and 

physical activity, but the literature review identified that there are many instances of a negative 

association between physical activity and rumination (Liu et al., 2023; Clancy et al., 2020b; 

Shanmugasegaram et al., 2011; Zhu et al., 2024; Riley et al., 2022; Xu et al., 2025; Zeng et al., 
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2022; Ye et al., 2022). Future research should consider exploring whether physical activity is 

protective against rumination rather than broader perseverative thinking. 

Based on our findings, future research should continue to investigate perseverative 

thinking as measured by speech analysis, especially its relationship to relative amplitude. The 

relationship between these two objective metrics may capture aspects of perseverative thinking 

and physical activity (rest-activity rhythm) that are not detected by self-report measurements. 

There is some evidence that sedentary time is only associated with perseverative thinking 

if the time spent sedentary has no accompanying cognitive activity (Jiang et al., 2024). Further, 

combined interventions which include physical activity and psychological intervention are 

effective in reducing perseverative thinking (Wang et al., 2025). Future research should 

investigate interventions which combine physical activity with the induction of psychological 

states which help reduce perseverative thinking, such as mindfulness. “Mindful walking” 

exercise, for example, reduces rumination in community samples (Kinser et al., 2021; Gotink et 

al., 2016).  

Another psychological state that could be leveraged alongside physical activity to reduce 

perseverative thinking is flow (Engeser & Rheinberg, 2008), characterized as an optimal balance 

between skill and challenge. In fact, Wong and colleagues (2023) have already proposed a model 

of rumination as the antithesis of flow, implying that rumination can be interrupted by inducing 

flow states. Sports could also provide an avenue for balancing skill and challenge in a physically-

demanding context which could reduce perseverative thinking, and may explain in part why 

sport participation is protective against depression (Lodis et al., 2012).  

The combination of physical activity with meditation, such as with Mental and Physical 

Training (MAP Training; Shors et al., 2014), reduces rumination in community samples 
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(Lavadera et al., 2020) and in people with mood disorders (Alderman et al., 2016), and reduces 

intrusive memories in survivors of sexual violence (Shors et al., 2018).  

Further, the relationship between perseverative thinking and physical activity may differ 

through the day (Reid et al., 2024). There is already evidence that differences in physical activity 

levels between children differ throughout the day (for example, most children have peak activity 

at lunchtime through the week, but this does not hold true on weekends, likely due to school 

timing; Reid et al., 2024), and that perseverative thinking is associated with worse sleep (Clancy 

et al., 2020a), suggesting that it may be worse at night. Future research should evaluate whether 

the relationship between physical activity and perseverative thinking differs throughout the day. 

Lastly, there is evidence that pleasure and current mood symptoms are associated with 

rumination and physical activity (Takano et al., 2013; Huang et al., 2022; Kagawa et al., 2022). 

Pleasant activities like hobbies, eating, and watching television were more strongly associated 

with reductions in rumination among people with low mood compared to those who were 

euthymic (Takano et al., 2013), and pleasure in performing physical activity was associated with 

decreases in rumination (Kagawa et al., 2022). Future research should evaluate whether 

enjoyment in physical activity is key in reducing perseverative thinking.   
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