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Abstract 

 

Objective Brain tumour patients can suffer from multiple difficulties and impairments in terms of 

cognitive, affective and social functioning. It is thus of importance to investigate whether there 

are targets of intervention we must anticipate. Therefore, the purpose of this study was to examine 

the effect of different types of emotion regulation strategies on components of quality of life. 

More specifically, we studied these associations before as well as after surgical removal of the 

tumour.  

 

Methods A longitudinal study was conducted, in which emotion regulation, cognitive, affective 

and social functioning was measured on the day before tumour resection (28 brain tumour 

patients) and several months after tumour resection (22 brain tumour patients). By means of the 

statistical program R (Version 3.5.1. – R Core team, 2018), we then constructed linear regression 

models to assess whether emotion regulation was associated with quality of life metrics.  

 

Results Results showed that emotion regulation strategies are relatively stable over time. 

Furthermore, associations between the use of reappraisal and quality of life indices were in line 

with previous research. Postoperatively, reappraisal was associated with an increase in the 

patients’ affective functioning, while suppression, processing and expression were associated 

with a decrease in cognitive functioning. In addition, expression was also associated with a 

decrease in affective functioning. We found no associations between emotion regulation and 

social functioning. 

 

Conclusions Based on these results, we concluded that reappraisal has the most positive impact 

on a brain tumour patient’s affective well-being. For these patients it can thus be of interest to get 

proper psychological guidance, which focuses on learning strategies to apply this type of emotion 

regulation strategy after surgery.  

 

Keywords Psycho-oncology; Cancer; Quality of life; Emotion regulation 



  

   

Abstract (Dutch) 

 

Doel Personen met een hersentumor ondervinden vaak heel wat problemen op vlak van cognitief, 

affectief en sociaal functioneren. Het is dan ook van belang dat er nagegaan wordt of er 

interventiemogelijkheden zijn waar er kan op ingespeeld worden. Het doel van deze studie was 

dan ook om het effect van verschillende types emotieregulatie strategieën na te gaan op 

componenten van de levenskwaliteit van hersentumorpatiënten. Meer bepaald onderzochten we 

dit effect zowel voor als na het verwijderen van de hersentumor.  

 

Methode Een longitudinale studie werd uitgevoerd, waarbij emotieregulatie, cognitief, affectief 

en sociaal functioneren werd gemeten de dag voor tumorresectie (28 hersentumorpatiënten) en 

enkele maanden na tumorresectie (22 hersentumorpatiënten). Aan de hand van lineaire regressie 

modellen werd bijgevolg nagegaan of emotieregulatie gerelateerd was aan componenten van 

levenskwaliteit. Hiervoor werd het statistisch programma R gebruikt (Version 3.5.1. – R Core 

team, 2018). 

 

Resultaten De resultaten toonden dat het gebruik van emotieregulatie strategieën relatief stabiel 

is over de tijd heen. Daarnaast vonden we dat de associaties tussen emotieregulatie strategieën en 

componenten van de levenskwaliteit overeenkomen met voorgaand onderzoek. Postoperatief, 

werd “reappraisal” geassocieerd met een stijging in de patiënten hun affectief functioneren, terwijl 

“suppression”, “processing” en “expression” geassocieerd werden met een daling in hun cognitief 

functioneren. Bovendien werd “expression” ook geassocieerd met een daling in hun affectief 

functioneren. Er werden geen associaties gevonden tussen emotieregulatie strategieën en sociaal 

functioneren.  

 

Conclusie Gebaseerd op deze resultaten, kunnen we concluderen dat “reappraisal” de meest 

positieve impact heeft op het affectief functioneren van hersentumor patiënten. Voor deze 

patiënten kan het dan ook interessant zijn om in de periode na het verwijderen van de tumor, 

specifieke psychologische begeleiding te krijgen waarbij ze strategieën aangeleerd krijgen om 

deze emotieregulatie strategie toe te passen.  

 

Kernwoorden Psycho-oncologie; Kanker; Quality of life; Emotieregulatie
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Introduction 

 

Brain Tumours and Their Effects  

A brain tumour is a mass or growth of abnormal cells in the brain. Gliomas and meningiomas are 

the two most common primary brain tumours in adults (Longstreth, Dennis, McGuire, Drangsholt 

& Koepsell, 1993; Ohgaki & Kleihues, 2005). Primary means that the tumour originates from the 

brain cells and is not a metastasis of a tumour somewhere else in the body. Gliomas originate 

from glial cells (Ohgaki & Kleihues, 2005), while meningiomas originate from the meninges 

(Sanson & Cornu, 2000). According to the World Health Organisation (WHO), there are different 

grades of malignancy. This grade can be decisive for the outcome. The higher the grade, the more 

malignant and lethal the brain tumour. In gliomas, the WHO distinguishes four grades (I–IV), 

while in meningiomas, it distinguishes three grades (I–III). Grade I and II brain tumours are also 

called ‘low-grade tumours’, while grade III and IV are called ‘high-grade tumours’. In addition 

to this distinction, brain tumours can also be divided into two categories, being ‘benign’ (non-

cancerous) or ‘malignant’ (cancerous). Grade I tumours are benign, slow growing and are unlikely 

to spread. Grade II tumours are relatively slow growing, but can sometimes recur as a higher-

grade tumour after treatment. Grade III tumours are malignant, grow quickly and can spread to 

healthy brain tissue. Lastly, in gliomas, a fourth grade of brain tumour is also distinguished (grade 

IV), which is the most aggressive type of glioma. This type grows quickly and spreads easily to 

the normal parts of the brain (Brain Tumor: Grades and Prognostic Factors, 2017; Brain Tumor 

Grades: Biopsy and prognosis, n.d.).  

 

Brain tumours often come along with dysfunctions in several domains. Ninety per cent of brain 

tumour patients experience impairments in at least one domain of cognition (Tucha, Smely, Preier 

& Lange, 2000). Often reported impairments include difficulties in memory, attention, problem 

solving, and visuomotor function (Giglio et al., 2000), as well as difficulties in word-finding, 

naming and executive functions (Allegri, Drake & Thomson, 1999). Assessment of 

neurocognitive strengths and weaknesses is of value for the patient and his/her family, as they 

understand better what the patient is capable of and can adjust better emotionally (Day et al., 

2016). Above all, a person’s cognitive functioning also affects his/her social and professional 

functioning (Hendriks et al., 2018). Not only can patients experience cognitive impairments and 

disabilities in daily life, they often also experience emotional distress and a reduced well-being 

(Heimans & Taphoorn, 2002). During the course of their illness, multiple psychological problems 

can arise. Around 30 per cent of brain tumour patients experience clinically significant symptoms 

of anxiety (Keeling, Bambrough & Simpson, 2013; Pringle, Taylor & Whittle, 1999) and 16 to 
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40 per cent experience clinically significant symptoms of depression (Pelletier, Verhoef, Khatri 

& Hagen, 2002; Pringle et al., 1999). Assessment of affective functioning is thus of value for the 

patient, as we can identify and treat psychological problems and consequently improve their 

emotional well-being. It can also have a big influence on the prognosis of the patient (Bunevicius, 

Deltuva & Tamasauskas, 2017). A qualitative metasynthesis of Cubis, Ownsworth, Pinkham and 

Chambers (2018) suggested that during the course of illness, the social networks and roles of 

brain tumour patients can be disrupted, and that physical, cognitive as well as psychological 

factors due to the brain tumour may be obstacles for social integration. Assessment of social 

functioning is therefore of importance to strengthen social networks and increase the patient’s 

well-being.  

 

As described above, brain tumour patients often suffer from difficulties in cognitive, affective as 

well as social functioning. In this study, we included these three elements as components of 

quality of life, which can thus be seen as a multidimensional concept (Heimans & Taphoorn, 

2002). Since patients’ quality of life can be limited, identifying elements that have an impact can 

lead to more effective interventions (Pelletier et al., 2002). This is especially relevant for patients 

with a brain tumour of grade I-III, as they have an anticipated survival of many years (Hendriks 

et al., 2018). Additionally, how individuals deal with their emotions can affect their well-being 

(Trindade, Ferreira & Pinto-Gouveia, 2017). Therefore, in this study we examined the influence 

of different emotion regulation strategies on components of quality of life. We start by focusing 

on quality of life, then we describe the different emotion regulation strategies. 

 

Quality of Life 

Heimans and Taphoorn (2002) defined quality of life as “a multidimensional concept consisting 

of at least physical, psychological and social phenomena” (p.955). Quality of life measurements 

are mainly utilised to assess the impact of a tumour and the treatment on the functional, 

psychological and social functioning of patients (Heimans & Taphoorn, 2002). Consequently, we 

focus on cognitive, affective and social functioning in brain tumour patients.  

 

Cognitive functioning in brain tumour patients. 

Brain tumour patients can suffer from multiple cognitive impairments (Dehcordi, Mariano, Mazza 

& Galzio, 2013). These can be caused by the tumour itself, by tumour-related epilepsy, 

psychological distress or by treatment of the tumour, such as surgery, radiotherapy, antiepileptics, 

chemotherapy or corticosteroids (Taphoorn & Klein, 2004). In the early stages, patients often do 

not recognize these cognitive impairments, as they can be very subtle, and the patient may lack 
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self-awareness. However, with growing tumour volume, more cognitive impairments arise as 

healthy brain tissue is disrupted (Hendrix et al., 2017).  

 

One might assume that surgery is beneficial to cognitive function, as we remove the tumour mass 

and thus its neurological symptoms, but it may as well cause cognitive impairments due to damage 

of healthy surrounding tissue (Taphoorn & Klein, 2004). However, most of these cognitive 

impairments disappear within three months’ time, which could be due to the plasticity of the brain 

(Duffau et al., 2003).  

 

Especially tumours in the frontal lobe and left hemisphere have been found to be associated with 

cognitive impairments (Hendrix et al., 2017). Derks, Reijneveld and Douw (2014) found that 

impairments in attention, reaction time, working memory and executive function are the most 

frequent in brain tumour patients. Hence, we chose to focus on these four elements of cognitive 

functioning. We must note that studies of adult brain tumour patients’ cognitive performance are 

relatively scarce and therefore we also included studies of paediatric brain tumour patients, 

women with breast cancer and adult patients with traumatic brain injury in the following section.  

 

Attention. 

Attention refers to “the ability to select and process sensory information that is relevant for a 

process” (Back, Back, Kastelan & Wheeler, 2014, p. 75). According to Vargo (2011), there are 

different types of attention: (1) focused, (2) sustained, (3) selective, (4) alternating and (5) 

divided. When your attention is (1) focused, you respond to different kinds of sensory input. When 

it is (2) sustained, you maintain your attention without distraction. When it is (3) selective, you 

discriminate between different stimuli. When it is (4) alternating, you move your attention 

between different tasks and when it is (5) divided, you focus on several tasks at the same time. A 

study of Dennis, Hetherington and Spiegler (1998) showed that children with brain tumours have 

difficulties with focused and selective attention. However, the study suggested that not the tumour 

itself puts the child at risk for impairment in attention, but the combination with radiation therapy. 

Furthermore, Taphoorn et al. (1992, 1994) found that adult patients with low-grade glioma 

tumours have more difficulties with concentration compared to healthy controls. Hereby it is 

noticeable that patients with left hemisphere tumours have more difficulties with concentration 

than those with right hemisphere tumours. However, they indicated that radiation therapy may 

not be related to these impairments.  
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Reaction time. 

Reaction time is the amount of time it takes to respond to a stimulus. In a study of Yao, Rich, 

Tirona and Bernstein (2016), women with breast cancer completed a reaction time task before 

chemotherapy and surgery, after chemotherapy but before surgery and after chemotherapy and 

surgery. They found that women treated with chemotherapy and surgery show an increased 

change in variability compared to healthy controls. In addition, patients do not have more 

difficulties with more demanding tasks which indicates that they have difficulties with constantly 

focusing on a task. Niogi et al. (2008) studied patients with mild traumatic brain injury. Based on 

their results they concluded that the amount of damaged white matter is associated with poorer 

reaction time in a simple cognitive task.  

 

Spatial working memory. 

In our working memory, we store information for a short period of time and manipulate the 

information that has to be activated for immediate task completion (Back et al., 2014). Thus, our 

spatial working memory actively processes and updates incoming visuospatial information. The 

capacity of our working memory will influence our success in cognitive tasks, so when it is 

impaired, we will experience problems in those tasks (Dennis et al., 1998). Studies of Dennis et 

al. (1991) have shown that the working memory of children with brain tumours is affected by the 

tumour itself or surgical damage to structures in the limbic system and the hypothalamic-pituitary 

axis but not by damage in other (sub)cortical structures. Next to attention, Dennis et al. (1998) 

also studied working memory in children with brain tumours, for which they found the same 

result. In particular, their working memory is impaired, but their study suggests that especially 

the combination with radiation therapy may contribute to this problem. These results were 

confirmed by Law et al. (2011) in paediatric brain tumour patients. Taphoorn et al. (1992, 1994) 

found that adult patients with low-grade glioma tumours have more difficulties with memory. 

Moreover, their results indicated that there is a contribution of radiation therapy to these 

impairments.  

 

Executive function. 

Executive function “relates to the coordination of learnt skills that are required to achieve a goal 

or process, especially in new or unstructured situations” (Back et al., 2014, p. 75). Initiation, 

planning, organization, sequencing, problem solving and decision-making belong to this set of 

skills. Damage to the frontal lobe is found to be associated with impairment in executive function 

(Back et al., 2014).  
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Affective functioning in brain tumour patients. 

Brain tumours can also affect patients’ affective functioning (Campanella et al., 2017). According 

to Taphoorn et al. (1992, 1994), patients with low-grade glioma have a higher chance of 

depression, anger, fatigue and tension, whereby women tend to have more mood disturbances 

than men. In addition, they also found a discrepancy between effects of left hemisphere and right 

hemisphere tumours. Patients with a tumour in the right hemisphere show more tension than those 

with a left hemisphere tumour.  

 

Anxiety and depression are main problems in brain tumour patients, but discrepancies are found 

between studies about its severity. One study showed that anxiety and depression are relatively 

low (around 30 per cent for anxiety and 16 per cent for depression) in brain tumour patients 

(Pringle et al., 1999), while other studies showed that around 31 per cent of brain tumour patients 

score above the probable range of anxiety (Keeling et al., 2013) and around 40 per cent have 

clinically significant symptoms of depression (Pelletier et al, 2002). Pelletier et al. (2002) stated 

that this could be due to the multiple difficulties they can experience during their journey. Brain 

tumour patients have to cope with their diagnosis and may feel hopeless, they have to find 

meaning in their situation, experience difficulties in social and occupational functioning and can 

experience side effects of the tumour and treatment. They emphasized that depression should be 

identified as early as possible, as it is associated with emotional distress, fatigue and existential 

issues. This way, their quality of life can be improved. Not only does depression affect their 

quality of life, it is also associated with medical complications and a lower survival rate (Gathinji 

et al., 2009; Litofsky & Resneck, 2009; Mainio, Hakko, Niemela, Koivukangas & Rasanen, 

2005). Bunevicius et al. (2017) studied the association between preoperative depression and 

anxiety and five-year mortality among glioma and meningioma patients. They found that 

preoperative depression is associated with shorter survival among meningioma patients. In their 

study they did not find an association with the prognosis of glioma patients, although several 

studies have shown that survival of glioma patients is also shorter in depressed patients (Gathinji 

et al., 2009; Litofsky et al., 2004; Mainio et al., 2005). For meningioma as well as glioma patients, 

depression can thus have a big impact on their prognosis. They did not find an association between 

preoperative anxiety and survival among the brain tumour patients, which suggests that anxiety 

is a normal reaction of the patient when receiving the diagnosis and prognosis, as well as when 

going into surgery (Bunevicius et al., 2017). 

 

In addition to depression and anxiety, up to 74 per cent of brain tumour patients show significant 

levels of distress at some point during their disease (Goebel, Stark, Kaup, Von Harscher & 
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Mehdorn, 2011). It is a main factor throughout the disease, of which females also experience more 

than males (Randazzo et al., 2017). Above all, this distress is in turn associated with depression 

and poorer quality of life (Pelletier et al., 2002). It also affects patients’ cognitive functioning, as 

it causes impairments in attention, vigilance and motivation (Taphoorn & Klein, 2004).  

 

Despite all the negative consequences, Campanella et al. (2017) found that brain tumour patients 

also can show posttraumatic growth. This refers to “the positive psychological change 

experienced as a result of the struggle with highly challenging life circumstances” (Tedeschi & 

Calhoun, 2004, p. 1). Patients state that they have become a better person, live more for the day 

and have a different perspective on life (Campanella et al., 2017).  

 

Social functioning in brain tumour patients. 

Brain tumour patients often experience difficulties in family, social or work relationships (Little, 

Jordens, Paul & Sayers, 2001). Loneliness is an important issue in all cancer patients and is 

associated with numerous negative consequences, such as anxiety (Russel, Peplau & Cutrona, 

1980) and depression (Cacioppo, Hughes, Waite, Hawkley & Thisted, 2006). In addition, some 

studies suggested that for cancer patients, loneliness is a characteristic factor in the period after 

the treatment (Ekwall, Ternestedt & Sorbe, 2007; Rosedale, 2009). Deckx, van den Akker and 

Buntix (2014) investigated the risk factors for loneliness in cancer patients through a systematic 

literature review. They found that being unmarried, widowed or divorced and lacking 

psychological or social support are risk factors for loneliness. Besides marital status, they also 

looked at other demographic risk factors in the literature, such as age, gender and socioeconomic 

status. Although they did not find an association between age and loneliness, Dysktra (2009) 

suggested that particularly people of a younger and older age have the highest level of loneliness. 

Deckx et al. (2014) found no difference in levels of loneliness between men and women, and it 

can thus be questioned if gender is indeed a moderator for loneliness. Lastly, they found that a 

lower socioeconomic status is characterised by higher levels of loneliness, although this was 

reported in only one study (Sevil, Ertem, Kavlak & Coban, 2006). Kroenke, Kubzansky, 

Schernhammer, Holmes and Kawachi (2006) showed that a lack of close relatives, friends or 

living children is associated with higher mortality among patients with breast cancer. This shows 

the importance of social support, which distinguishes three types: instrumental, emotional and 

informational support. Through instrumental support patients may have more access to 

healthcare, while through emotional support a decrease in stress and improvement of immune 

responses may take place (Deckx et al., 2014). Being able to rely on others and having the support 

of family and friends during stressful events is positively associated with well-being (Bloom & 
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Spiegel, 1984). However, Strang and Strang (2001) found that weak family relations do not 

endure the stress that comes along with the disease. This can often result in marriage breakdown. 

 

Now that we have a better view on the possible consequences a brain tumour has on the cognitive, 

affective and social functioning of a patient, we can focus on the different emotion regulation 

strategies they can apply. This is of importance, as we can take a look at which effect the different 

strategies have on the various aspects of quality of life. 

 

Emotion Regulation 

Gross (1998a) referred to ‘emotion regulation’ as “the processes by which individuals influence 

which emotions they have, when they have them, and how they experience and express these 

emotions. Emotion regulatory processes may be automatic or controlled, conscious or 

unconscious, and may have their effects at one or more points in the emotion generative process” 

(p.275). Gross (1998b) tried to make sense of emotion regulation in his ‘Process model of 

emotion’ (Figure 1). When confronted with an internal or external emotional cue, you make an 

evaluation of this cue. This will trigger an emotional response tendency, consisting of 

behavioural, experiential and physiological responses, which can be modulated by antecedent-

focused emotion regulation or by response-focused emotion regulation. This modulation creates 

a final manifest emotional response. Antecedent-focused emotion regulation suggests 

manipulation of the input, which takes place before the emotion is triggered. Response-focused 

emotion regulation, on the other hand, suggests manipulation of the output, which means that you 

inhibit an emotional response tendency once it has been triggered.  

 

Figure 1. Process model of emotion (Gross, 1998b). 
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The purpose of regulating one’s emotions is to reduce the negative emotions and increase the 

positive ones (Hochschild, 1983; Langston, 1994). However, this does not always go according 

to plan. Different emotion regulation strategies can be used, which have been associated with 

more but also less well-being (Trindade et al., 2017). Adaptive emotion regulation strategies will 

increase the well-being, while maladaptive emotion regulation strategies will reduce 

psychological and physical health (Gross, 2002). 

 

In 1984, Lazarus and Folkman distinguished two categories of emotion regulation strategies, 

being: (1) problem-focused coping and (2) emotion-focused coping. With (1) problem-focused 

coping you try to solve the problem. Examples of this sort are reappraisal and suppression. 

Reappraisal is defined as “cognitively transforming the situation so as to alter its emotional 

impact” (Gross, 1998a, p.284). Accordingly, with reappraisal, you minimise the impact of a 

stressful situation by intervening early in the emotion generative process. Reappraisal is a very 

complex concept, as we look for different explanations for an emotional cue and have to choose 

between them. Above all, we have to inhibit our automatic interpretation of the emotional cue. 

Thus, we have to rely on multiple functions, such as working memory, flexibility skills and 

cognitive inhibition (Falquez et al., 2014). McRae, Ciesielski and Gross (2012) distinguished a 

variety of reappraisal types, being: (1) explicitly positive reappraisal, (2) situation-based 

reappraisal, (3) agency, (4) distancing, (5) problem solving and (6) acceptance. Imagine you find 

yourself in a situation where someone, whom you are very close to, tells you he or she has cancer. 

That is a very stressful situation with a big emotional impact. To minimise this impact, you could 

apply different types of reappraisal. With (1) explicitly positive reappraisal you will convince 

yourself that the current situation is better than the original. You could say: “He/she will grow 

stronger from this illness”. With (2) situation-based reappraisal you change your interpretation of 

the current situation by thinking: “Maybe it is not as bad as it seems”. You could also question 

the authenticity of the current situation, by pinching yourself and saying: “It is just a dream, this 

cannot be real”. Another situation-based reappraisal is one where you take a different stand on 

the consequences. You could say: “He/she will get better soon, the cancer will not last”. With (3) 

agency you believe in the strength and ability of a person to change the current situation. “He/she 

is strong enough to survive this”. With (4) distancing you take a step back by physically or 

psychologically distancing yourself from the situation. In this example you could say: “I do not 

know the person that well, this does not relate to me”. With (5) problem solving you focus on 

what steps you can take to solve the problem and finally with (6) acceptance you acknowledge 

that sometimes, bad things happen. Reappraisal can also be seen as an example of antecedent-

focused emotion regulation. Gross (1998b) already mentioned that antecedent-focused emotion 
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regulation has a better impact on a person’s well-being, because reappraisal occurs early in the 

emotion-generative process before the emotion response tendencies have been generated. This 

way it can alter the subsequent emotion. For example, if we want to decrease our negative 

emotion, reappraisal will reduce the behavioural, experiential and physiological components of 

that negative emotion (Gross & John, 2003). Furthermore, Gross (2002) suggested that when 

using reappraisal, a person may show a decrease in both the negative emotion experience and 

expression but an increase in positive emotion experience and expression. This allows a person 

to behave emotionally engaging and responsive in an interpersonal social interaction (Cutuli, 

2014). Suppression on the other hand, is “the conscious inhibition of one’s own emotional 

expressive behaviour while emotionally aroused” (Gross & Levenson, 1993, p. 970). It is 

considered an example of response-focused emotion regulation, as it occurs late in the emotion-

generative process when the emotion response tendencies have already been generated, and 

particularly focuses on the modification of the behavioural aspect of the emotion response 

tendencies. Although this strategy will be successful in suppressing the behavioural expression of 

negative emotion, it will not reduce the experience of that emotion. The negative feeling 

associated with the negative emotion will thus continue to exist. Moreover, continually modifying 

the emotion response tendencies absorbs a lot of energy and cognitive resources. Therefore, these 

resources can no longer be used to perform optimally in the social context (Gross & John, 2003). 

Further, it makes it difficult to establish close relationships as avoidant, diverted and anxious 

behaviour occurs (John & Gross, 2004; Sheldon, Ryan, Rawsthorne & Ilardi, 1997). Next to these 

consequences, suppression also leads to a conflict between the inner experience and outer 

expression of a person (Rogers, 1951). This incongruence can lead to negative feelings about the 

self. As a result, long-term use of suppression has been shown to be associated with less emotional 

control, interpersonal functioning, memory and well-being and more depressive symptoms (Gross 

& John, 2003).  

 

With (2) emotion-focused coping you try to influence your emotions associated with the stressful 

situation. You do this by actively identifying, processing and expressing your emotions and it is 

thus an active way of engaging a problem (Baker & Berenbaum, 2007). Emotional processing 

and emotional expression are two components of this type of coping (Juth, Dickerson, Zoccola & 

Lam, 2015). Emotional processing refers to “the acknowledgement, understanding and 

acceptance of one’s emotions” (Juth et al., 2015, p.2). This determines which and how much 

emotions we experience (Gross & John, 1997). Emotional expression is the behavioural change 

that comes along with the experience of emotion (Gross & John, 1995). For example, when a 

person is sad, he/she can change his/her facial expression by frowning or change his/her posture 
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by letting his/her shoulders down and he/she can express his/her emotions vocally by crying. 

Therefore, one can disclose his/her emotions in a verbal or nonverbal way (Juth et al., 2015). 

Written emotional expression has been found to have a beneficial impact on different areas in 

well-being, such as psychological well-being, physical health and general functioning, as 

upsetting topics are dealt with (Smyth, 1998). In addition, the use of emotional processing and 

expression as emotion regulation strategies has been found to be especially adaptive when a 

person is confronted with a stressful situation in an emotionally receptive social context, 

concerning interpersonal content that is perceived as relatively uncontrollable (Austenfeld & 

Stanton, 2004). 

 

Taking Lazarus, Folkman and Gross into account, the different types of emotion regulation 

strategies can be divided as shown in figure 2. 

 

 

Figure 2. Overview of different types of emotion regulation strategies, divided according to 

Lazarus and Folkman (1984) and Gross (1998b).  

 

Over the years, there have been different views on the (mal)adaptive character of the different 

types of emotion regulation strategies. Lazarus and Folkman (1984) stated that both problem-

focused and emotion-focused coping are adaptive while a lot of researchers have argued that 

problem-focused coping is more adaptive than emotion-focused coping (Austenfeld & Stanton, 

2004). In the following section we take a look at studies of patients with cancer, diffuse brain 

damage and other illnesses, their ability to regulate their emotions and its consequences, to have 

a better understanding of which strategies can be seen as adaptive and which as maladaptive.  
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Studies of emotion regulation. 

Patients with focal and diffuse brain damage can suffer from emotion dysregulation, meaning that 

they are not able to influence their emotions (Abreu et al., 2009; Bechara, 2004; McDonald, Hunt, 

Henry, Dimoska & Bornhofen, 2010; Obonsawin et al., 2007; Tate, 1999). Salas, Gross and 

Turnbull (2014) found that people with brain injury are capable of re-interpreting a situation, but 

they need more time to do so. They called it “reappraisal difficulty” (p.6). Furthermore, Gross 

and John (2003) found that there are individual differences in the use of reappraisal and 

suppression, and that the use of such strategies is stable over time. 

 

Regarding the consequences, we can state that reappraisal has better results in the affective, 

cognitive and social domain than suppression (Cutuli, 2014). Studies showed that reappraisal is 

associated with less depressive symptoms, more optimism and self-esteem (Garnefski, Kraaij & 

Spinhoven, 2001; John & Gross, 2004), does not affect memory performance in a negative way 

(Dillon, Ritchey, Johnson & Labar, 2007; Hayes et al., 2010; Sheppes & Meiran, 2007, 2008) and 

has no negative effects in the social context (Cutuli, 2014). Suppression on the contrary, was 

found to be associated with a higher risk for depressive symptoms (John & Gross, 2004; Sheldon 

et al., 1997), with impairments in memory performances (Dillon et al., 2007; Hayes et al., 2010; 

Richards & Gross, 1999, 2000) and with negative effects in the social context as the person using 

suppression is unable to take up information needed to respond appropriately (Cutuli, 2014).  

 

Iwamitsu et al. (2005) studied the effect of suppression on psychological distress in female breast 

cancer patients. They concluded that patients who suppress negative emotions develop more 

psychological distress than those who use emotional expression as an emotion regulation strategy. 

They also suggested that this psychological distress may be maintained over time and may 

possibly result in helplessness and hopelessness during the treatment of cancer. Thus, expression 

of emotion seems to be adaptive; however constantly expressing negative emotions may be a risk 

factor for cardiovascular disease (Adler & Metthews, 1994). Bonanno, Papa, Lalande, Westphal 

and Coifman (2004) found that combining emotional expression and suppression predicts reduced 

distress.  

 

Stanton et al. (2000) studied the effect of coping through emotional approach on adjustment and 

health status in women with breast cancer. Their results showed that actively expressing emotions 

is associated with decreased distress, more strength, improved self-perceived health status and 

less medical appointments. For women who perceive their context as receptive for their emotional 

expression, it is also a predictor for improved quality of life. Emotional processing, on the other 
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hand, is associated with increased levels of distress, but only when emotional expression was 

controlled for. This means that processing contributes to expression.  

 

Geenen, van Ooijen-van der Linden, Lumley, Bijlsma, and Van Middendorp (2012) examined if 

specific combinations of emotion processing styles and emotion regulation strategies are 

associated with better adjustment in women with fibromyalgia. Results showed that intense 

experience of emotions is associated with a bigger impact of the disease, but not so much in 

patients who express their emotions. For women who have difficulties with identifying and 

describing their emotions, they did not find an ideal emotion regulation strategy. This study 

confirms the results from Stanton et al. (2000), who found that processing contributes to 

expression.  

 

Lastly, Weinman, Ebrecht, Scott, Walburn and Dyson (2008) studied the effect of disclosure, this 

being writing about thoughts and feelings, on the progress of wound healing. They found that 

disclosure accelerated the wound healing. Thus, patients with wounds benefit from this adaptive 

emotion regulation strategy. Therefore, it could be interesting to investigate whether this could be 

applicable to patients with brain tumours, and thus if using a sort of adaptive emotion regulation 

strategy increases their quality of life after tumour resection. 

 

Research Question and Hypotheses 

The purpose of this master thesis study was to examine the effect of different types of emotion 

regulation strategies, being reappraisal, suppression, processing and expression, on components 

of quality of life, being affective, cognitive and social functioning. Affective functioning included 

feelings of worry and distress, cognitive functioning included attention, reaction time, spatial 

working memory and planning accuracy and social functioning included loneliness. In more 

detail, we studied the effect of emotion regulation on components of quality of life, before as well 

as after tumour resection. First of all, we wanted to investigate whether preoperative emotion 

regulation had an influence on preoperative quality of life. Thereafter we investigated whether 

postoperative emotion regulation had an influence on postoperative quality of life. Lastly, we 

investigated whether differences in emotion regulation strategy scores over time were associated 

with differences in quality of life metrics over time. Associations between these difference scores 

are of importance as they can provide us indications of causal relationships. An overview of the 

purpose and the variables of this study are shown in figure 3.  
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Figure 3. Overview of the purpose and variables in this study.  

 

As previous research suggested reappraisal and expression to have a positive impact on 

components of quality of life (Cutuli, 2014; Gross, 1998b; Smyth, 1998), we hypothesised that 

the use of both emotion regulation strategies would be related to an increase in all components of 

quality of life, before and after removal of the tumour. Patients using reappraisal or expression as 

emotion regulation strategy may thus experience a better quality of life due to reduced levels of 

distress, which in turn has a positive effect on cognitive and social functioning. Therefore, these 

patients may show better performances in terms of attention, reaction time, spatial working 

memory and planning accuracy and may report lower levels of loneliness. We also hypothesised 

that the use of suppression and processing would be related to a decrease in all components of 

quality of life, as previous research indicated that they have a negative impact on quality of life 

(Cutuli, 2014; Geenen et al., 2012; Gross and John, 2003; Iwamitsu et al., 2005; Stanton et al., 

2000). Consequently, patients using suppression or processing as emotion regulation strategies 

may report higher levels of distress and loneliness, and may show poorer performances in terms 

of attention, reaction time, spatial working memory and planning accuracy.  
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Methods 

 

Participants and Procedure 

This study included patients who were recruited from Ghent University Hospital (Belgium) 

between May 2015 and October 2017. The inclusion criteria were: patients (1) had to be eighteen 

years or older, (2) had to have a meningioma (WHO grade I or II) or glioma (WHO grade II or 

III) brain tumour, and (3) had to be able to complete neuropsychological testing.  

 

First of all, we collected data on the day before patients’ surgery. This took place at the University 

Hospital in Ghent (Belgium), where all participants received detailed study information and gave 

written informed consent prior to study enrolment. This research was approved by the Ethics 

Committee of Ghent University Hospital. In total, we collected data from 28 patients with a brain 

tumour, of which 11 patients with a glioma (mean age 45.6y, SD=11.9; 4 females and 7 males) 

and 17 patients with a meningioma (mean age 58.5y, SD=12.8; 14 females and 3 males). From 

the same pool of glioma and meningioma patients, we collected data several months after surgery 

(mean: 7.9 months postoperative; range 5.2 – 10.3 months postoperative). Postoperatively, 7 

glioma patients (mean age 50.7y, SD = 11.7; 3 females and 4 males) and 15 meningioma patients 

(mean age 60.9 y, SD = 11.5; 12 females and 3 males) agreed to participate. Thus, in total, we 

had 22 brain tumour patients of which we had preoperative as well as postoperative data. All 

patient characteristics can be found in table 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

   15 

 

 

 

Table 1  

Patient characteristics 

Subject 

ID 

Sex Age  

(pre-op) 

Tumour 

laterali-

zation 

Tumour  

location 

Tumour histology* Follow-

up post-

op 

PAT01 F 67 Left Frontal Meningioma I P 

PAT02 F 49 Right Frontal Meningioma I P 

PAT03 F 60 Right Parietal Meningioma I P 

PAT05 F 40 Left Frontal Oligo-astrocytoma II P 

PAT06 F 67 Bilateral Frontal Meningioma I P 

PAT07 M 55 Left Temporal Ependymoma II P 

PAT08 M 51 Left Frontal Meningioma I P 

PAT09 F 48 Right Subtentorial Meningioma I P 

PAT10 F 77 Left Frontal Meningioma I P 

PAT11 F 74 Left Frontal Meningioma II P 

PAT12 M 33 Left Temporal Ganglioglioma I Drop-out 

PAT13  
 

F 40 Bilateral Skull base Meningioma I P 

PAT14 F 74 Left Parietal Meningioma I P 

PAT15 F 57 Right Frontal Meningioma I P 

PAT16 M 39 Right Fronto-temporal Anaplastic astrocytoma II-

III 

P 

PAT17 F 49 Right Frontal Meningioma I P 

PAT19 F 44 Right Frontal skull base Meningioma I Drop-out 

PAT20 F 70 Right Parietal Anaplastic astrocytoma III P 

PAT21 F 64 Right Subtentorial Meningioma I P 

PAT23 M 74 Bilateral Frontal Meningioma I P 

PAT24 M 62 Left Frontal Meningioma I P 

PAT25 F 46 Right Temporal Glioma II P 

PAT26 M 61 Right Temporal Anaplastic astrocytoma III P 

PAT27 M 38 Left Frontal Astrocytoma II Drop-out 

PAT28 M 44 Left Frontal Oligodendroglioma II P 

PAT29 M 45 Left Frontal Oligodendroglioma III End of 

study 

PAT30 F 37 F Subtentorial Meningioma I End of 

study 

PAT31 F 31 Left Frontal Oligodendroglioma II End of 

study 

* (Oligo-) astrocytoma, ependymoma, and oligodendroglioma are subtypes of glioma tumours.  
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Data  

Emotion regulation. 

In this study, we looked at four types of emotion regulation strategies, being: reappraisal, 

suppression, expression and processing. The extent to which patients utilized these types was 

measured by the following questionnaires on the day before surgery took place and several 

months after surgery.  

 

The Dutch version of the Emotion Regulation Questionnaire (ERQ; Gross & John, 2003) was 

used to measure the use of reappraisal and suppression. In the first part of the ERQ, patients were 

asked to answer ten questions on a 7-point Likert-type scale, ranging from 1 (strongly disagree) 

to 7 (strongly agree). An example of an item measuring reappraisal is: “When I want to feel more 

positive emotions (such as joy or amusement), I change what I’m thinking about”. An example 

of an item measuring suppression is: “I keep my emotions to myself”. Items 1, 3, 5, 7, 8 and 10 

make up the reappraisal facet, while items 2, 4, 6 and 9 make up the suppression facet. The ERQ 

has a good test-retest reliability (.69) and high internal consistency (.79 for reappraisal, .73 for 

suppression) (Eftekhari, Zoellner & Vigil, 2009). 

 

The Dutch version of the Coping through Emotion Approach scale (EAC scale; Stanton, Kirk & 

Danoff-Burg, 2000) measured the use of emotion-focused coping strategies, being processing and 

expression and consisted of eight items. Patients were asked to answer these eight questions on a 

4-point Likert-type scale, ranging from 1 (I usually do not do this at all) to 4 (I usually do this a 

lot). An example of an item measuring processing is: “I take the time to figure out what I’m really 

feeling”. An example of an item measuring expression is: “I let my feelings come out freely”. 

Items 1, 3, 5 and 7 make up the processing facet, while items 2, 4, 6 and 8 make up the expression 

facet. The EAC scale has a high test-retest reliability (.73 for processing, .72 for expression) and 

a high internal consistency (.72 for processing, .82 for expression) (Stanton et al., 2000).  

 

Affective functioning. 

The Dutch version of the Penn State Worry Questionnaire (PSWQ; Chorpita, Tracey, Brown, 

Collica & Barlow, 1997) was used to measure the extent to which people tend to worry. It 

consisted of 16 items on which patients had to answer on a 5-point Likert-type scale, ranging from 

1 (not at all typical of me) to 5 (very typical of me). Example of an item is: “I know I should not 

worry about things, but I just cannot help it”. The PSWQ has a high internal consistency (.95) and 

its test-retest reliability is very good (.92) (Meyer, Miller, Metzger & Borkovec, 1990).  
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Further, the Dutch version of the State-Trait Anxiety Inventory (STAI; Spielberger, Gorsuch, 

Lushene, Vagg, & Jacobs, 1983; Van der Ploeg, 1984) was utilized. This measured emotional 

distress on the day testing took place and consisted of 20 items on which patients had to answer 

on a 4-point Likert-type scale, ranging from 1 (not at all) to 4 (very much so). Examples of items 

are: “I feel calm”, “I feel tense”. The reliability of the STAI is good (.91) (Marteau & Bekker, 

1992).  

  

Cognitive functioning. 

In this study, cognitive functioning included four cognitive domains, being: attention, visuospatial 

working memory, reaction time and planning accuracy (executive functioning). These cognitive 

domains were assessed using the Cambridge Neuropsychological Test Automated Battery 

(CANTAB®; Cambridge Cognition (2017); All rights reserved; 

http://www.cambridgecognition.com). The tests of the battery are simple, computerised, non-

linguistic and culturally blind (Sharma, 2013).  

 

First of all, the Motor Screening Task (MOT) was used to screen for sensorimotor or 

comprehension difficulties that could limit valid data collection. Afterwards, Sustained attention 

was measured with the Rapid Visual Information Processing task (RVP). Sharma (2013, p.507) 

stated that “it is sensitive to dysfunction in the parietal and frontal lobe areas of the brain and is 

also a sensitive measure of general performance”. Reaction time was measured with the Reaction 

Time Task (RTI). This task is divided into five stages, which require increasingly complex chains 

of responses (Sharma, 2013). Capacity of the visuospatial working memory was measured with 

the Spatial Span (SSP), and finally, planning was measured with the Stockings of Cambridge 

(SOC), which gave a measure of frontal lobe function.   

 

Social functioning. 

To assess feelings of loneliness and social isolation among the patients, the UCLA Loneliness 

Scale Version 3 (Russell, 1996) was used. It consisted of 20 items on a 4-point Likert-type scale 

ranging from 1 (never) to 4 (always). An example of an item is: “How often do you feel that you 

are no longer close to anyone?”. This version of the Loneliness Scale is very reliable, with an 

alpha coefficient ranging from .89 to .94. It has a test-retest correlation of .73 and a good construct 

validity (Russel, 1996).  
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Missingness. 

During the course of data collection, not all questionnaires and cognitive tasks were completed 

by all patients. Preoperatively, the first three brain tumour patients did not fill in the Coping 

through Emotion Approach scale as this questionnaire was added later on in the study. Thus, for 

these patients, preoperative measurement of emotional processing and expression was missing. 

Preoperatively, one patient did not complete the sustained attention task and another patient did 

not complete the State-Trait Anxiety Inventory. In order not to discard all data from these subjects 

that had missing data of one variable, we imputed the missing data points using regression under 

the assumption of missing completely at random. In particular, preoperative scores of emotional 

processing, expression and sustained attention were regressed on their postoperative equivalents 

(processing: r = 0.61, t = 3.17, p = 0.0056; expression: r = 0.79, t = 5.40, p < 0.0001; sustained 

attention: r = 0.72, t = 4.55, p = 0.0002), after which this model was applied to predict preoperative 

scores that were missing. For state anxiety, we used worry scores as predictor in the linear 

regression model (r = 0.28, t = 1.47, p = 0.16), as no postoperative data were available for this 

subject.  

 

Statistical Analyses 

Statistical analyses of this study consisted of linear regression models by means of the statistical 

program R (Version 3.5.1. – R Core team, 2018). Before constructing these linear regression 

models, we first took a look at the associations between emotion regulation strategies and quality 

of life indices by calculating pairwise Pearson correlation coefficients, to give us an idea of 

possible interesting associations. First of all, these correlation coefficients told us how strongly 

two variables were related. Second, correlation coefficients between the difference scores also 

told us how much one variable tended to change when the other one did. Further investigations 

with linear regression models gave us more exact associations and made it possible to control for 

other variables by including them in the models, which we will describe later on. Neither 

correlation coefficients nor linear regression models can make assumptions of causality.   

 

Thereafter, we constructed a MANOVA model for cognitive and affective functioning separately, 

as these outcomes contained multiple indices. For cognitive functioning these were reaction time, 

attention, working memory and planning accuracy and for affective functioning the multiple 

indices were worry and state anxiety. We chose to construct MANOVA models as the use of 

multiple ANOVA models separately increases the chance of type I errors. We looked at the 

Pillai’s Trace, as it is the appropriate multivariate test for small samples. These MANOVA models 

investigated whether the different types of emotion regulation strategies had a significant effect 
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on general cognitive and affective functioning, using a liberal threshold of a = 0.10. To limit the 

number of tests in subsequent linear regression models, we only looked at those independent 

variables that were significant in the previous multiple testing. We then assessed their effect on 

the dependent variables separately. This way we could identify the specific dependent variables 

that contributed to the significant overall effect. To account for multiple testing within each linear 

regression model, sequential Bonferroni correction was used, controlling the familywise error rate 

at a = 0.05. The sequential Bonferroni correction implies that each null hypothesis is tested 

against an adjusted a level (Cramer et al., 2016). In every model we ordered the p-values in 

ascending order and then calculated the adjusted a level for each p-value. For the smallest p-value 

we divided a by the number of predictors in the model to calculate the adjusted a. For the second 

p-value, we divided a by the number of predictors minus one. For the following p-value, a was 

divided by the number of predictors minus two, and so forth. We then compared the p-value of 

each variable to the adjusted a level in order to infer significance. By controlling the familywise 

error rate, we reduced the chance of rejecting null hypotheses while they were true to £ 5% 

(Cramer et al., 2016). For social functioning, we fit a linear regression model to the data, as there 

was only one dependent variable being loneliness. Here, the independent variables in the linear 

regression model were also reappraisal, suppression, expression and processing.  

 

Next to associations between emotion regulation and quality of life indices, we also looked at 

changes over time in the emotion regulation strategies and quality of life, to examine whether 

trends in either variables could be observed over time. For this, difference scores were computed 

between all pre- and postoperative variables. To assess whether differences between pre- and 

postsurgical assessment were significant, we performed one-sample t-tests. Thereafter, regression 

models were constructed relating differences in emotion regulation strategies over time to 

difference scores in quality of life indices. 

 

It must be noted that factors as the participants’ motivation, their level of emotional distress and 

their age can have an impact on cognitive performances (Ennis, Hess & Smith, 2013; Lupien, 

Maheu, Tu, Fiocco & Shramek, 2007; McEwen & Sapolsky, 1995). Therefore, we corrected for 

these three factors by including them in the MANOVA and linear regression models as additional 

covariates. We used the mean latency with which participants responded to the Motor Screening 

Task as an indicator of their motivation. Their level of emotional distress was measured on the 

day testing took place, using the State-Trait Anxiety Inventory. These associations are shown in 

addendum 1 on page 47. 
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During the statistical analyses, we normalized all variables (cognitive, social and affective 

functioning and emotion regulation) to facilitate interpretation. In particular, we transformed the 

original scores to z-scores using the preoperative mean and standard deviation across all patients 

of the respective variable.  
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Results 

 

Evolution over Time in Emotion Regulation and Quality of Life 

No significant differences over time were found in the use of the different types of emotion 

regulation strategies across all patients (reappraisal: t(21) = -0.52, p = 0.61, 95% CI = [-0.45, 

0.27]; suppression: t(21) = 1.20, p = 0.24, 95% CI = [-0.16, 0.59]; processing: t(18) = -1.38, p = 

0.18, 95% CI = [-0.63, 0.13]; expression: t(18) = 0.12, p = 0.91, 95% CI = [-0.27, 0.30]) . For the 

four cognitive domains, we also found no significant differences over time across all patients 

(reaction time: t(21) = 0.34, p = 0.74, 95% CI = [-0.45, 0.63]; sustained attention: t(21) = 0.25, p 

= 0.81, 95% CI = [-0.44, 0.56]; planning: t(21) = 0.25, p = 0.80, 95% CI = [-0.52, 0.67]; working 

memory: t(21) = 0.43, p = 0.67, 95% CI = [-0.41, 0.63]). For affective functioning, we only found 

a significant difference over time across all patients for state anxiety (t(21) = -5.00, p<0.001, 95% 

CI = [-1.17, -0.48]) but not for worry (t(21) = 0.19, p = 0.85, 95% CI = [-0.21, 0.25]). Precisely, 

state anxiety was significantly lower after surgery than the day before surgery. We also found a 

significant difference over time for loneliness (t(21) = 2.55, p = 0.0185, 95% CI = [0.09, 0.91]), 

where patients tended to report a higher level of loneliness after surgery. 

 

Associations between Emotion Regulation and Quality of Life Indices 

Exploration of linear pairwise associations. 

We found reasonably large associations between the use of reappraisal before surgery and feelings 

of worry before surgery (r = -0.35). We also found an association between the use of expression 

and feelings of worry before surgery (r = 0.32). Lastly, we found a reasonably large association 

between expression and loneliness (r = -0.32). After surgery, we found associations of 

considerable size between reappraisal and feelings of worry (r = -0.48), state anxiety (r = -0.32) 

and loneliness (r = -0.34). A large association between suppression and planning accuracy was 

also found (r = -0.63). Just as before surgery, we found the same association between expression 

and feelings of worry after surgery (r = 0.39). Results can be found in addendum 2 on page 48.  

 

Linear regression analyses. 

All significant results of the multivariate tests can be found in table 2. All significant results from 

the following linear regression models are shown in table 3.  
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Table 2 

Overview of significant MANOVA results on the association between emotion regulation 

strategies (predictor) and affective and cognitive functioning (outcome). The different types of 

emotion regulation strategies were reappraisal, suppression, processing and expression. A 

liberal threshold of a = 0.10 was used.  

 

Preoperative associations 

Outcome Predictor Df Pillai’s Trace F p-value a 

Affective functioning Processing 2, 19 0.27 3.51 0.0506 a = 0.10 

       

Postoperative associations 

Outcome Predictor Df Pillai’s Trace F p-value a 

Cognitive functioning Suppression 4, 11 0.67 5.71 0.0097 a = 0.10 

 Expression 4, 11 0.54 3.25 0.0543 a = 0.10 

 Processing 4, 11 0.51 2.82 0.0780 a = 0.10 

Affective functioning Reappraisal 2, 16 0.31 3.65 0.0496 a = 0.10 

 Expression 2, 16 0.39 5.07 0.0197 a = 0.10 

       

Associations between difference scores 

Outcome Predictor Df Pillai’s Trace F p-value a 

Cognitive functioning Suppression 4, 8 0.87 12.86 0.0014 a = 0.10 

 Expression 4, 8 0.88 14.10 0.0011 a = 0.10 
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Table 3 

Overview of the significant results from linear regression analyses on the association between 

emotion regulation strategies (predictor) and indices of cognitive and affective functioning 

(outcome) (based on previous multivariate tests). Cognitive functioning included reaction time, 

sustained attention, planning accuracy and working memory. Affective functioning consisted of 

worry and loneliness. Sequential Bonferroni correction was used, controlling the familywise 

error rate at a = 0.05. Consequently, each null hypothesis was tested against an adjusted a level 

(aadjusted). 

 

Postoperative associations 

Outcome Predictor Df F p-value a aadjusted 

Planning accuracy Suppression 1, 13 10.68 0.006 a = 0.05 a/3 = 0.0167 

Reaction time Processing 1, 14 8.91 0.0098 a = 0.05 a/3 = 0.0167 

Worry Reappraisal 1, 17 7.57 0.0136 a = 0.05 a/1 = 0.05 

Worry Expression 1, 17 8.15 0.0109 a = 0.05 a/2 = 0.025 

 

Associations between difference scores 

Outcome Predictor Df F p-value a aadjusted 

Planning accuracy Suppression 1, 11 17.10 0.0016 a = 0.05 a/2 = 0.025 

Planning accuracy Expression 1, 11 15.95 0.0021 a = 0.05 a/1 = 0.05 
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Preoperative associations. 

First of all, we examined associations between preoperative emotion regulation strategies and 

preoperative indices of quality of life in brain tumour patients (N = 28).  

 

For cognitive and social functioning, we did not find a significant effect of any of the preoperative 

emotion regulation strategies on the (combined) preoperative dependent variables. For affective 

functioning on the other hand, MANOVA findings showed a significant effect of preoperative 

emotional processing on the combined preoperative dependent variables, being worry and state 

anxiety (Pillai’s Trace = 0.27, F (2, 19) = 3.51, p = 0.0506). Follow-up analyses of the dependent 

variables individually by means of linear regression analyses showed no significant effect of 

preoperative processing on preoperative feelings of distress nor on preoperative feelings of worry.  

 

Postoperative associations. 

We then looked at associations between postoperative emotion regulation and patients’ 

postoperative quality of life indices (N = 22). Significant postoperative results can be found in 

figure 4. 

 

For cognitive functioning, MANOVA results showed a significant effect of postoperative 

suppression (Pillai’s Trace = 0.67, F (4, 11) = 5.71, p = 0.0097), expression (Pillai’s Trace = 0.54, 

F (4, 11) = 3.25, p = 0.0543) and processing (Pillai’s Trace = 0.51, F (4, 11) = 2.82, p = 0.0780) 

on the combined postoperative dependent variables. Analysis of the postoperative dependent 

variables individually by means of linear regression analyses showed a significant effect of 

postoperative processing on postoperative reaction time (F (1, 14) = 8.91, p = 0.0098). 

Postoperative suppression (F (1, 14) = 23.58, p < 0.001) and expression (F (1, 14) = 7.67, p = 

0.0150) as well as processing (F (1, 14) = 4.67, p = 0.0485) showed a significant effect on 

postoperative planning accuracy. After removal of the outlier in planning accuracy, results 

showed that postoperative expression (F (1, 13) = 0.92, p = 0.3558) and processing (F (1, 13) = 

2.95, p = 0.1094) did not have a significant effect on postoperative planning accuracy. 

Postoperative suppression still had a significant effect on planning accuracy (F (1, 13) = 10.68, p 

= 0.006). For affective functioning, we found a significant effect of postoperative reappraisal 

(Pillai’s Trace = 0.31, F (2, 16) = 3.65, p = 0.0495) and expression (Pillai’s Trace = 0.39, F (4, 

16) = 5.07, p = 0.0197) on the combined postoperative dependent variables in the multivariate 

test. Looking at the dependent variables separately, linear regression analyses showed an effect 

of postoperative reappraisal (F (1, 17) = 7.57, p = 0.0136) and expression (F (1, 17) = 8.15, p = 
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0.0109) on postoperative worry. For social functioning, linear regression analyses showed no 

significant effect of postoperative emotion regulation on postoperative feelings of loneliness. 

 

Figure 4. Significant postoperative associations between (A) processing and reaction time, 

between (B) suppression and planning accuracy (after removal of the outlier in planning 

accuracy), between (C) reappraisal and worry and between (D) expression and worry. The grey 

line represents the regression line with a 95% confidence interval. 

 

Associations between difference scores. 

Last of all, we assessed whether differences over time in emotion regulation strategy scores were 

associated with differences over time in quality of life metrics. For cognitive functioning, 

multivariate tests showed a significant effect of the differences in suppression (Pillai’s Trace = 

0.87, F (4, 8) = 12.86, p = 0.0014) and expression (Pillai’s Trace = 0.88, F (4, 8) = 14.10, p = 
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0.0011) on the differences of the combined dependent variables. Analysis of the dependent 

variables individually showed a significant effect of differences in suppression (F (1, 11) = 17.10, 

p = 0.0016) and expression (F (1, 11) = 15.95, p = 0.0021) on differences in planning accuracy. 

These results are shown in figure 5. For affective and social functioning, we did not find a 

significant effect of the differences over time in any of the independent variables on the 

differences over time in the combined dependent variables.  

 

Figure 5. Significant associations between (A) differences over time in suppression and 

differences over time in planning accuracy and (B) differences over time in expression and 

planning accuracy. The grey line represents the regression line with a 95% confidence interval. 
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Discussion 

 

In this study we assessed whether emotion regulation had an influence on components of quality 

of life in brain tumour patients. In particular, we wanted to know whether reappraisal, 

suppression, processing and expression were associated with patients’ cognitive, affective and 

social functioning.  

 

Evolution over Time in Emotion Regulation and Quality of Life 

Before looking at these associations, we first investigated whether differences could be found 

over time in all the variables. We concluded that the use of the different types of emotion 

regulation strategies was quite stable over time. This means that all patients tended to use the 

same type of emotion regulation strategy before surgery as well as after surgery. This confirms 

the hypothesis of Gross and John (2003), in which they stated that there are individual preferences 

in the use of emotion regulation strategies that are stable over time. People thus prefer a certain 

type of strategy through which they develop emotion regulation dispositions.  

 

When looking at the quality of life indices, we also found no differences over time in the cognitive 

domain. This finding is quite strange as more cognitive impairments arise when normal brain 

tissue is disrupted due to the brain tumour (Hendrix et al., 2017). One would therefore assume 

that removal of the brain tumour in combination with plasticity of the brain (Duffau et al., 2003) 

may lead to improvement in the cognitive functions. As Taphoorn and Klein (2004) stated, it is 

also possible that removal of the brain tumour itself may cause cognitive impairments due to 

damage of healthy surrounding tissue. We hypothesised that because this study included a 

relatively short follow-up period, most of the cognitive impairments were not resolved yet. We 

did find a significant difference in the affective and social domain, where brain tumour patients 

tended to report less feelings of distress but more feelings of loneliness after surgery. As Randazzo 

et al. (2017) stated, distress is a main factor throughout the disease. Through their journey, brain 

tumour patients come across multiple difficulties. They have to cope with the diagnosis, 

treatment, effects on social life, … (Pelletier et al., 2002). The removal of the brain tumour may 

thus go along with a certain feeling of relief, causing the level of distress to decrease. In addition, 

loneliness is also an important issue, especially in the period after the treatment (Ekwall et al., 

2007; Rosedale, 2009). We hypothesised that patients may withdraw themselves from social 

interactions due to side effects from treatment. This could possibly indicate that even after 

surgery, psychological and social support is welcome for these patients, which in turn confirms 

the risk factors for loneliness according to Deckx et al. (2014).  
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Associations between Emotion Regulation and Quality of Life Indices 

Exploration of linear pairwise associations. 

As part of the descriptive analyses and preparation for the linear regression models, we calculated 

the Pearson correlation coefficient between every pair of variables, to give us more insight in the 

data. This way, we could explore possible interesting associations between emotion regulation 

and quality of life, as it gave us an idea of which variables were related.  

 

Before surgery, we mostly found associations between emotion regulation strategies and affective 

and social functioning. While reappraisal was associated with less feelings of worry, expression 

was associated with more feelings of worry and loneliness. This means that patients who reported 

using reappraisal before surgery, also reported that they were less inclined to worry before 

surgery. Patients who reported that they expressed their emotions before surgery, also reported 

more feelings of worry and less feelings of loneliness.  

 

After surgery, we found consistent associations of reappraisal and expression. Here, reappraisal 

was associated with less feelings of distress and suppression was associated with poorer planning 

accuracy. This means that patients who reported using reappraisal after surgery, also reported less 

feelings of worry, distress and loneliness after surgery. Patients who reported suppressing their 

emotions after surgery, also showed poorer planning accuracy after surgery.  

 

Thus, expressing emotions appeared to be associated with more feelings of worry, while 

reappraisal was associated with less feelings of worry, which raises the question whether 

expression is really as adaptive as we think.  

 

Linear regression analyses.  

Using linear regression analyses, we then examined preoperative and postoperative associations 

between emotion regulation strategies and quality of life indices in brain tumour patients. We also 

looked at associations between differences over time in the emotion regulation strategies and 

differences over time in quality of life metrics to assess whether preoperative emotion regulation 

has an influence on postoperative quality of life as associations between difference scores give us 

an indication of causal relationships.  

 

Preoperatively, we did not find any associations between emotion regulation and quality of life 

indices. As Pelletier et al. (2002) indicated, when receiving a diagnosis of brain tumour, a person 

may feel hopeless and worry about existential issues. Above all, according to Bunevicius et al. 
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(2017), anxiety is a normal reaction of the patient when receiving the diagnosis and prognosis, as 

well as when going into surgery. Possibly, the period before removal of the tumour may thus be 

accompanied with such great feelings of shock, devastation and anxiety that it could affect 

patients’ functioning, regardless of their emotion regulation strategy.  

 

Postoperatively on the other hand, we found associations between all types of emotion regulation 

strategies and quality of life indices. Results showed a significant association between reappraisal 

and worry. Patients who reported using more reappraisal as emotion regulation strategy after 

surgery, also reported less feelings of worry. This suggests that cognitively transforming the 

situation so as to alter its emotional impact (reappraisal according to Gross, 1998a) goes together 

with less feelings of worry, and thus affects affective functioning in a positive way. This result 

confirms the hypothesis of Gross (1998b), in which he stated that because reappraisal occurs early 

in the emotion-generative process before the emotion is triggered, it has a better impact on a 

person’s well-being. Furthermore, it is in line with previous research that suggested that 

reappraisal is related to a better affective functioning, especially to fewer depressive symptoms 

and more optimism and self-esteem (Cutuli, 2014; Garnefski et al., 2001; John & Gross, 2004). 

Even though other researchers indicated that the use of reappraisal is related to stability or an 

increase in memory performance (Dillon et al., 2007; Hayes et al., 2010; Sheppes & Meiran, 2007, 

2008) and to more emotionally engaging and responsive behaviour in a social context (Cutuli et 

al., 2014), we did not find any postoperative associations between reappraisal and cognitive and 

social functioning.  

 

Opposite to reappraisal, Gross (1998b) placed suppression as a response-focused emotion 

regulation as it occurs late in the emotion-generative process when the emotional response has 

already been triggered. We found a significant association between suppression and cognitive 

functioning, where patients tended to show a decrease in planning accuracy when they reported 

using suppression as emotion regulation strategy after surgery. Consciously inhibiting one’s 

emotions (suppression according to Gross & Levenson, 1993) is thus accompanied by a decrease 

in cognitive functioning, especially in executive functioning. This confirms the hypothesis of 

Gross and John (2003) in which they stated that inhibiting an emotional response once it has been 

triggered absorbs a lot of energy and cognitive resources, whereby a person can no longer use 

these resources to behave optimally in the social context. Although we found an association with 

planning accuracy, previous research mostly found relations to impairments in memory 

performance (Gross & John, 2003; Hayes et al., 2010; Richards & Gross, 1999, 2000). 

Additionally, previous studies have shown that suppression is associated with a higher risk for 
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depressive symptoms and with more avoidant, diverted and anxious behaviour (Cutuli, 2014; John 

& Gross, 2004; Sheldon et al., 1997), however we did not find associations between the use of 

suppression and affective nor social functioning.  

 

Furthermore, postoperative processing was related to reaction time. Patients showed a slower 

reaction time when they reported using more processing as emotion regulation strategy after 

surgery. Acknowledging, understanding and accepting one’s emotions (processing according to 

Juth et al., 2015) is therefore associated with a decrease in cognitive functioning, in particular 

with a slower reaction time. We did not find associations between postoperative processing and 

postoperative affective and social functioning, although studies of Stanton et al. (2000) and 

Geenen et al. (2012) have indicated that the use of processing as emotion regulation strategy is 

related to increased levels of distress. 

 

Lastly, results showed a significant association between expression and worry, which means that 

these patients reported more feelings of worry. Changing one’s behaviour when experiencing 

emotions, for example frowning, is thus associated with a decrease in affective functioning. This 

contradicts the results of Stanton et al. (2000), in which they found that actively expressing 

emotions was related to less feelings of distress and consequently an increase in affective 

functioning in breast cancer patients. Perhaps this finding can be nuanced by applying the 

hypothesis of Austenfeld and Stanton (2004) in which they stated that using processing and 

expression as emotion regulation strategies is adaptive when a person is confronted with a 

stressful situation in an emotionally receptive social context. This implies that the context of the 

patient should be accounted for, and that we should not only look at the patient as an individual.  

 

When we look at associations between differences over time, results showed a significant 

association between suppression and planning accuracy and expression and planning accuracy. 

This means that patients who reported a difference over time in the use of suppression or 

expression, also showed a difference over time in planning accuracy. Specifically, a decrease in 

planning accuracy arose when patients reported using more suppression or expression after 

surgery than before. This finding of suppression is in line with the postoperative results, where 

suppression also had a negative impact on cognitive functioning, which we elucidated by means 

of the hypothesis of Gross and John (2003). While expression showed a postoperative effect on 

affective functioning, we now also found an association with cognitive functioning, but not with 

social functioning.  
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We hypothesised that both reappraisal and expression would have a beneficial impact on all 

components of quality of life, before as well as after tumour resection, while suppression and 

processing were hypothesised to have a negative impact. Based on these results, we rejected the 

hypothesis regarding expression, as our findings showed that the use of expression was related to 

a decrease in affective and cognitive functioning after removal of the tumour. The other 

hypotheses were all partially confirmed, as the emotion regulation strategies were not related to 

all components of quality of life and these relations were only found after removal of the tumour. 

The use of reappraisal seemed to only show an increase in affective functioning, while the use of 

suppression and processing was related to a decrease in cognitive functioning. 

 

Taking Lazarus and Folkman’s (1984) distinction between problem-focused coping and emotion-

focused coping into account, we can state that we did not find evidence in this study for their 

argument that both sorts of coping are adaptive. We only found evidence for reappraisal as an 

adaptive emotion regulation strategy as it may lead to a better affective well-being while 

suppression, processing and expression may decrease a patient’s cognitive and affective 

functioning.  

 

Limitations 

It should be noted that this study includes several limitations that should be accounted for. The 

first limitation of this study is the sample size, which is rather small. This makes generalizability 

to the entire population of patients with brain tumours limited. This in turn, causes problems with 

variability. Small samples have a higher variability, which causes the results to be less accurate. 

In addition, a small sample size increases the risk of a type II error, decreasing the power of the 

study. Future studies may thus benefit from a larger sample, as it will give a more accurate 

representation of the entire population. Another important limitation is that linear regression 

models cannot make assumptions about causality. We only know which variables are related, but 

we cannot say if the independent variable leads to the dependent variable. Above all, there can be 

other factors influencing the association. A third limitation concerns the sequential Bonferroni 

procedure. According to Cramer et al. (2016) it is a conservative procedure that increases the 

chance of a type II error by reducing the chance of a type I error. The sequential Bonferroni 

procedure implies that when one null hypothesis is not rejected, all the other remaining hypotheses 

are not significant as well, no matter how many are left. A fourth limitation of this study is that 

data of emotion regulation, affective and social functioning was only collected through self-

report. Self-report can cause problems with validity, as the answer of the patient can be biased 
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(they can exaggerate or minimalize how they feel). In the future, studies may also benefit from 

questioning the patient’s caregiver or other external sources.  
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Conclusion 

 

Throughout their journey, brain tumour patients do not only have to cope with their diagnosis, 

they also come across multiple difficulties in terms of cognition, affective and social functioning. 

Hence, often these patients experience a decrease in their quality of life (Pelletier et al., 2002). In 

addition, how they cope with these difficulties and impairments, can affect their psychological 

and physical health. In multiple studies a difference has been made between adaptive and 

maladaptive emotion regulation strategies, which may increase or reduce quality of life (Gross, 

2002; Trindade et al., 2017). Another distinction in the literature is made between problem-

focused and emotion-focused coping (Lazarus & Folkman, 1984), whereby there is no clear 

evidence as to whether they are equally adaptive or not.  

 

By means of MANOVA and linear regression models, we investigated whether emotion 

regulation strategies have an influence on cognitive, affective and social functioning. Based on 

this study, we can conclude that reappraisal is the only emotion regulation strategy that is related 

to quality of life in a positive way, especially affective functioning, as it decreases feelings of 

worry. In addition, suppression, expression and processing were associated with a decrease in 

cognitive functioning, the first two with a decrease in planning accuracy and the latter with an 

increase in reaction time. In addition, expression was also associated with an increase in feelings 

of worry.  

 

Because individuals develop emotion regulation dispositions over time (Gross & John, 2003), it 

is of importance to give proper psychological guidance to brain tumour patients in the period after 

tumour resection, which focuses on learning strategies to apply reappraisal. It may be beneficial 

for their quality of life to learn to cognitively transform the situation so as to alter its emotional 

impact, as this was found to be the most adaptive form of emotion regulation strategy in this study. 

Instead of influencing one’s emotions associated with the stressful situation, it may be better to 

try to solve the problem before the emotion is triggered. Furthermore, it should be considered to 

also include the patient’s context in therapy, as it may offer tools to make the social context more 

emotionally receptive if needed. Only then can the emotional processing and expression of 

emotions have a beneficial character, as indicated by Austenfeld and Stanton (2004).  
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Addendum 1 

 

 

Addendum1. The participants’ motivation, their age and level of emotional distress (STAI) were 

included in the MANOVA and linear regression model as additional covariates as these have an 

impact on cognitive performances. Their relationship with preoperative and postoperative 

emotion regulation is indicated in the blue rectangles.  
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Addendum 2 

 

 

Addendum 2. Relation between (left rectangle) preoperative emotion regulation and preoperative 

quality of life indices and relation between (right rectangle) postoperative emotion regulation and 

postoperative quality of life indices. Some fields are crossed out as these correlations were not 

significant at a liberal significance threshold of a = 0.20.  

 


