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anxiety, and attentional biases
Anne-Marie Greenaway a,b, Faustina Hwang a, Slawomir Nasuto a 

and Aileen K Ho b

aBiomedical Engineering, School of Biological Sciences, University of Reading, Berkshire, UK; bSchool of 
Psychology and Clinical Language Sciences, University of Reading, Berkshire, UK

ABSTRACT
Rumination (self-referential and repetitive thinking), attentional 
biases (AB), and impaired cognitive control are theorized as being 
integral factors in depression and anxiety. Yet, research examining 
the relationship between rumination, mood, and AB for popula-
tions with reduced cognitive control, e.g., people living with 
dementia (PwD), is lacking. To explore whether literature-based 
relationships are demonstrated in dementia, PwD (n = 64) and 
healthy controls (HC) (n = 75) completed an online self-report sur-
vey measuring rumination and mood (twice), and a telephone 
cognitive status interview (once). Rumination was measured as an 
emotion-regulation style, thinking style, and response to depres-
sion. We examined the test-retest reliability of PwD’s (n = 50) rumi-
native-scale responses, ruminative-scale internal consistency, and 
correlations between rumination, age, cognitive ability, and mood 
scores. Also, nine participants (PwD = 6, HC = 3) completed an AB 
measure via eye-tracking. Participants fixated on a cross, naturally 
viewed pairs of facial images conveying sad, angry, happy, and 
neutral emotions, and then fixated on a dot. Exploratory analyses 
of emotional-face dwell-times versus rumination and mood scores 
were conducted. Except for the HC group’s reflective response to 
depression measure, rumination measures were reliable, and corre-
lation strengths between rumination and mood scores (.29 to .79) 
were in line with literature for both groups. For the AB measure 
subgroup, ruminative thinking style scores and angry-face metrics 
were negatively correlated. The results of this study show that 
literature-based relationships between rumination, depression, 
and anxiety are demonstrated in dementia, but the relationship 
between rumination and AB requires further investigation.
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Introduction

People living with dementia (PwD) are likely to experience one or more behavioral and 
psychological symptoms such as anxiety, depression, irritation, and aberrant motor 
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behaviors during disease progression (Staedtler & Nunez, 2015). Of these, depression and 
anxiety are commonly experienced, often co-occur, have moderate persistence, and are 
associated with an increased rate of cognitive decline and reduced quality of life (Breitve 
et al., 2016; Gonfrier et al., 2012; Ryu et al., 2005; Seignourel et al., 2008; Spalletta et al.,  
2012; van der Linde et al., 2016). Although depression, anxiety, and dementia have 
a complex relationship in terms of their biological basis and symptoms, recent research 
suggests that repetitive negative thinking (RNT) may be a core process linking dementia 
with depression and anxiety (Goyal et al., 2019; Marchant et al., 2017, 2020; Seignourel 
et al., 2008). Repetitive thinking, an umbrella construct for discrete types of self- 
referential, repetitive, and/or frequent thoughts, is thought to be a transdiagnostic pro-
cess contributing to the association between depression and anxiety symptoms 
(Segerstrom et al., 2010; Spinhoven, van Hemert, et al., 2018). Repetitive thinking can 
vary by valence (positivity/negativity), its volitional basis (intrusive vs. directed), focus and 
purpose amongst many other qualities which correlate with different physical and psy-
chological outcomes (Ehring & Watkins, 2008; Segerstrom et al., 2010; Smith & Alloy, 2009; 
E. R. Watkins, 2008).

In terms of the relationship between repetitive thinking and dementia, the type of 
repetitive thinking and when it occurs may be important. Repetitive thinking in mid-life 
can be associated with a lower incidence of dementia, which is indicative of a protective 
factor (Ravona-Springer et al., 2009), whereas increased RNT has been associated with risk 
factors of Alzheimer’s Disease (AD) dementia (greater declines in memory and elevated 
levels of protein deposits) (Marchant et al., 2017, 2020). However, there is limited research 
regarding the types of repetitive thinking used by people with a diagnosis of dementia, 
and their association with depression and anxiety. While PwD engage in repetitive 
thinking (e.g., pessimistic future-orientated thoughts (El Haj et al., 2021)), and reminis-
cence about past memories (Woods et al., 2018)), it is unclear whether distinct cognitive 
processes are involved in the different types of repetitive thinking (Mandell et al., 2014). 
Consequently, the capacity or tendency for one type of repetitive thinking may not reveal 
the capacity or tendency for other types, nor their distinct relationship with depression 
and anxiety in dementia.

Types of rumination

The current study focuses on a type of repetitive thinking called rumination (Martin & 
Tesser, 1996). While rumination is suggested to be more evident in depression than in 
anxiety (Olatunji et al., 2013; Spinhoven et al., 2015), it is assessed with the Ruminative 
Response Scale (RRS) (Nolen-Hoeksema, 1991) in the majority of studies (Olatunji et al.,  
2013). As the RRS measures rumination in response to a depressed or dysphoric mood, it is 
possible that the relationship between rumination and anxiety may be obscured within 
anxiety studies. Moreover, the RRS total score (combined depressive, brooding and 
reflection subscales scores) is most often used in studies which focus on, or include 
older adults (Chen et al., 2020; Fernández-Fernández et al., 2014; McLaughlin & Nolen- 
Hoeksema, 2011; Nolen-Hoeksema & Aldao, 2011; Opdebeeck et al., 2015; Ramirez-Ruiz 
et al., 2019; Romero-Moreno et al., 2016; Von Hippel et al., 2008). Yet, the contributions of 
the RRS subscales to depression and anxiety in older adults may be important to under-
stand. For example, participants with higher global cognition scores (less cognitive 
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impairment) can use reflection to a greater extent than those with lower global cognition 
scores (more cognitive impairment) (Demnitz‐King et al., 2021). Based on these findings, 
we could have hypothesized that a difference in the levels of reflective rumination could 
therefore be present between PwD and healthy older adults; PwD, having higher levels of 
cognitive impairment, may engage in less reflective rumination. Still, anxiety was not 
controlled for within these studies, and higher levels of reflective rumination are asso-
ciated with higher levels of anxiety in older adults (D’Hudson & Saling, 2010). 
Consequently, an investigation of how different types of rumination, including brooding 
and reflective rumination, relate to depression and anxiety in older adults living with and 
without dementia is warranted.

Rumination and dementia

While rumination has been shown to be an important factor in late-life depression in 
people living without dementia (Tang et al., 2022), to our knowledge, the use of rumina-
tion as an emotion regulation style (RUM-EMO-REG), thinking style (RUM-THINK), and 
response to depression (RUM-RESP-DEP) by PwD has not been investigated to-date. 
Rumination is commonly associated with difficulties in inhibiting information and mental 
set switching (poor attentional control) (Koster et al., 2011). Depending upon the patho-
logical process of AD, attentional control difficulties such as the disengagement and 
shifting of attention, can be the first non-memory deficits following the hallmark episodic 
memory deficits associated with AD (Amieva et al., 2004; Parasuraman & Haxby, 1993; 
Pekkala et al., 2008; Weintraub et al., 2012), and inhibitory control deficits may increase 
with disease severity (Kaiser et al., 2018). Poor attentional control is associated with higher 
levels of rumination and in turn, more severe symptoms of depression and anxiety in 
people living without dementia (Hsu et al., 2015; Von Hippel et al., 2008). An underlying 
impairment in attentional control may make it harder to reroute cognitive resources away 
from the ruminative thoughts toward task-relevant information (Levens et al., 2009). 
Being in a ruminative state can prolong depressed and anxious moods (Michl et al.,  
2013). Therefore, once a ruminative cycle is entered, disengaging from ruminative think-
ing may be more difficult for people living with AD (PwAD) leading to a longer depressed 
or anxious mood compared to people living without AD who ruminate. Although the 
question of whether the inhibitory control deficits associated with AD could modulate the 
capacity for rumination has been posed (Nash et al., 2007), an appropriate measure of 
rumination for PwAD to use is required. Investigating the reliability of rumination mea-
sures for PwAD in the current study is a step toward addressing this question.

Rumination and attentional biases

Cognitive inhibition impairment is central to both rumination and cognitive biases (i.e., 
attention, memory, and interpretation) (Joormann, 2010). While PwAD display biases in 
memory, emotion recognition/discrimination, and attentional biases (AB) (the tendency 
for a person to attend to, or avoid, a certain type or types of information) (Boller et al.,  
2002; Bourgin et al., 2020; Chau et al., 2016; Greenaway et al., 2024; LaBar et al., 2000; 
Maria & Juan, 2017; Werheid et al., 2011), research examining how these biases, and older 
adults’ AB more generally, relate to mood or rumination is lacking (Cabrera et al., 2020; 
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Demeyer et al., 2017; Isaacowitz et al., 2008; Lee & Knight, 2009; Mohlman et al., 2013). The 
current study sought to examine the relationship between rumination and AB as 
a ruminative disposition is characterized by AB (Grafton et al., 2016; Koster et al., 2011; 
Mogg & Bradley, 2018). Depressed and anxious individuals can take longer to disengage 
(shift) their attention from negative stimuli, thus displaying negative AB (Donaldson et al.,  
2007; Georgiou et al., 2005; Grafton et al., 2016; Koster et al., 2011). AB are thought to have 
a bi-directional relationship with rumination (see Figure 1) in that negative AB may lead to 
rumination, which in turn increases negative AB (LeMoult & Gotlib, 2018). In older adults, 
reduced executive function, which includes inhibition and shifting ability, can predict 
higher levels of rumination (Ng et al., 2022), and negative AB can be more pronounced in 
habitual ruminators (albeit middle-aged adults) (Donaldson et al., 2007). Given that 
attentional control is required to disengage attention (Ng et al., 2022) and control deficits 
may increase with AD severity (Kaiser et al., 2018), it is possible that AB could be (1) 
pronounced for some PwAD (with and without high rumination levels), and (2) modulated 
by disease severity. As such, studies exploring the relationship between rumination and 
AB for PwAD are warranted.

In summary, while repetitive thinking such as rumination and AB are thought to be key 
processes in the development and maintenance of depression and anxiety, the conse-
quences of repetitive thinking for PwD is rarely studied and the clinical significance of 
rumination and AB for older adults is also lacking (Mohlman et al., 2013; Schneider et al.,  
2023). Exploring the relationship between depression, anxiety, rumination, and AB within 
the current study is a step toward addressing the aforementioned research gaps.

Study aims

The current study had the following aims:

Figure 1. Cognitive perspective of the relationship between cognitive control, AB, and rumination 
(reprinted from Clinical Psychology Review, 69, LeMoult & gotlib, depression: a cognitive perspective, 
51–66, copyright (2019), with permission from Elsevier).
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(1) To investigate the reliability of the selected rumination measures for PwD
(2) To compare the level of rumination types used by PwD versus cognitively healthy 

controls (HC)
(3) To examine the relationships between rumination measures and age, cognitive 

ability, depression, anxiety, and AB scores

Materials and methods

Participants

The survey recipients (N = 143) were recruited via the Join Dementia Research platform 
(https://www.joindementiaresearch.nihr.ac.uk/) and from the community using newslet-
ter advertisements, of which 139 participants aged between 60 and 96 years old com-
pleted the survey (64 with a diagnosis of dementia [PwD], 75 healthy controls [HC] 
without a diagnosis of dementia nor mild cognitive impairment). Diagnosis status (i.e., 
presence of dementia/dementia type) was self-/representative-reported. All PwD were 
recruited via Join Dementia Research which operates as a self, representative, or health 
professional research volunteer registration platform. Volunteer records must contain 
demographic details and specify if there is a diagnosis of dementia (diagnosis date is 
optional), the type of dementia diagnosed (option for unknown), the dementia medica-
tion type (if taken), any medical conditions/disabilities (specific options and other), and 
carer/representative support (yes or no). Volunteer records for potential PwD were 
screened and only those (1) specifying a diagnosis date and dementia type, (2) without 
a Mini Mental State Examination score of < 20 points (obtained from the most recent 
volunteer and/or unrelated study assessment data entries), and (3) with a spouse/partner/ 
carer/representative, were considered for the study. Volunteer information was verified 
via the volunteer’s representative during the enrollment process.

The PwD group comprised participants with different types of dementia (AD = 42, AD/ 
Vascular = 6, AD/Lewy Bodies = 1, AD/Mixed = 1, Vascular = 9, Lewy Bodies = 3, and Mixed 
[of unknown types] = 2), 36 males and 28 females, aged 60 to 96 years old (see Error! 
Reference source not found. for demographic information). Approximately half (53%) of 
the PwD were classified as non-depressed/non-anxious, 25% as having comorbid depres-
sion and anxiety, 17% as having depression with no anxiety, and 5% as having anxiety 
with no depression (see Table 2. for group symptom status). Few PwD (n = 7, 11%) were 
taking anti-depressant medication, and 78% were taking cognitive medication 
(Donepezil = 42, Rivastigmine = 4, Memantine = 3, and Galantamine = 1). The HC group 
comprised 30 males and 45 females, aged 60 to 88 years old. The majority (81%) of the HC 
group were classified as non-depressed/non-anxious, 9% as having comorbid depression 
and anxiety, 7% as having depression with no anxiety, and 3% as having anxiety with no 
depression. No participants in the HC group were taking cognitive nor anti-depressant 
medication.

All participants with dementia were required to have a spouse/partner/carer/represen-
tative provide written or verbal confirmation of the participant’s ability to provide 
informed consent. Each participant provided written or verbal consent before the tele-
phone section of the study and consented via a checked tick box at the start of each 
online questionnaire.
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Procedure

Participants completed the Telephone Interview for Cognitive Status (TICS) (Brandt et al.,  
1988) and received a personalized link to Online surveys (https://www.onlinesurveys.ac. 
uk/) via e-mail to complete a self-report questionnaire (timepoint 1 [T1]) which measured 
their level of rumination and screened for the presence of depression and anxiety. To 
examine test-retest reliability participants completed the online questionnaire a second 
time (timepoint 2 [T2]), two weeks after they submitted the first questionnaire. 
Participants were instructed to finish the questionnaire within 48 hours of receiving 
their links. The participants who consented to participate in the webcam-based AB 
assessment (n = 11), completed the TICS via a Microsoft Teams meeting and were emailed 
a link to access Gorilla (Anwyl-Irvine et al., 2020), a web-based eye-tracking platform to 
complete the AB task. These participants did not complete T2 questionnaires as AB 
measures may be associated with an interventional effect (Blackwell et al., 2017).

Participating, for any given participant, took no longer than 2 hours in total. The study 
was reviewed in accordance with the procedures of the University of Reading’s Research 
Ethics Committee and received a favorable ethical opinion for conduct (UREC 18/27; UREC 
19/71).

Measures

Cognitive status
Memory, orientation, attention, and language were assessed via the 11-item Telephone 
Interview for Cognitive Status (TICS). Scores range from 0 to 41 with scores ≤ 30 indicating 
cognitive impairment. The TICS has demonstrated a high correlation with the commonly 
used Mini Mental State Exam (MMSE) (Folstein et al., 1975) without the ceiling and floor 
effects associated with the MMSE (Brandt et al., 1988; Sheehan, 2012), and has 
a discriminative ability (those with and without dementia) comparable to the MMSE 
(Seo et al., 2011).

Rumination
Rumination as an emotion regulation style. Four items (3, 12, 21 and 30) from the 36- 
item Cognitive Emotion Regulation Questionnaire (CERQ) (Garnefski et al., 2001) measures 
the extent to which a ruminative coping strategy is used by an individual. Responses to 
statements such as “I dwell upon the feelings the situation has evoked in me” were given 
on a five-point scale from “almost never” (1), to “almost always” (5). The CERQ is standar-
dized and suitable for use in populations that include older adults and psychiatric 
patients. The CERQ has good to very good factorial validity and reliabilities (Cronbach’s 
αs between .75 and .87) (Garnefski & Kraaij, 2007). Convergent and criterion validity has 
generally been supported (Ireland et al., 2017; Jermann et al., 2006; Megreya et al., 2016).

Rumination as a thinking style. The Ruminative Thought Style Questionnaire (RTSQ) 
(Brinker & Dozois, 2009) was used to assess rumination as a style of thinking. The 20-item 
scale consists of statements of ruminative behaviors such as “I can’t stop thinking about 
some things.” Respondents rated the items in terms of the statements’ self- 
descriptiveness on a 7-point scale ranging from 1 (not at all descriptive of me) to 7 
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(describes me very well). The RTSQ has shown good convergent validity with a global 
rumination measure (McIntosh et al., 1995) and the Response Style Questionnaire, ade-
quate test-retest reliability and high internal consistency (Brinker & Dozois, 2009; Tanner 
et al., 2013).

Rumination as a response to depression. The 22-item Ruminative Response Scale (RRS) 
(Nolen-Hoeksema, 1991) was used to assess rumination in response to depression levels. 
Respondents indicated what they generally think or do in relation to items such as “Think 
‘What am I doing to deserve this?’” and “Go someplace alone to think about your feelings,” 
using a four-point Likert scale ranging from “almost never” (1) to “almost always” (4). The 
score for each item was summed to obtain a total score ranging from 22 to 88. Higher 
scores indicate a higher level of ruminative response. Items reflect three sub-types of 
responses: depressive, brooding, and reflective rumination. The scale shows excellent 
internal consistency as well as adequate convergent and predictive validity (Nolen- 
Hoeksema et al., 1993, 1994).

Mood
Depression. The presence and severity of depression over the preceding fortnight were 
assessed using 8 items from the Patient Health Questionnaire 9 (PHQ-9) (Kroenke & Spitzer,  
2002). A score of 0 (not at all) to 3 (nearly every day) is assigned for each item giving a total 
of between 0 and 24. A score of 5 represents the lower cutoff point for mild depression, 10 
for moderate depression, 15 for moderately severe depression, and 20 for severe depres-
sion. The suicidal ideation item, removed for ethical concerns, did not affect the interpreta-
tion of final scores (Kroenke & Spitzer, 2002). A score of ≥ 10 has a specificity and sensitivity 
of 88% for major depression disorder (MDD) (Kroenke & Spitzer, 2002). The screen has been 
validated for people living with cognitive impairment, and is widely used in United 
Kingdom primary care psychological therapy services (Bell et al., 2022; Wong et al., 2022).

Anxiety. The presence and severity of anxiety over the preceding fortnight were 
assessed using the 7-item Generalized Anxiety Disorder Scale (GAD-7) (Spitzer et al.,  
2006). A score of 0 (not at all) to 3 (nearly every day) is assigned for each item giving 
a total of between 0 and 21. A score of 5 represents the lower cutoff point for mild anxiety, 
10 for moderate anxiety, and 15 for severe anxiety. A score of ≥ 10 is suggestive of GAD 
and other anxiety disorders. It has high internal consistency (α = 0.89), has been standar-
dized with a community sample of 5030 participants aged 14 to ≥75 years (Löwe et al.,  
2008), validated for people living with cognitive impairment, and is widely used in United 
Kingdom primary care psychological therapy services (Bell et al., 2022; Wild et al., 2014).

Eye tracking
Positioning. Participants positioned themselves directly in front of their webcam and 
used their video feed (presented in the top left corner of their screen) to align themselves 
such that (1) their faces appeared in the middle of a black box outline overlaid in the 
center of the feed, and (2) the green face-mesh within the feed which detects users’ faces, 
matched their features. Participants were told the box outline must turn green, and face- 
meshing must occur to enable a start button (see Greenaway et al. (2021) for a detailed 
face-meshing description).
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Calibration and validation. Participants were instructed to remain still, blink as little as 
possible, and only move their eyes (rather than their head or body) to look at a 50 × 50- 
pixel red dot which appeared consecutively in each of 9 fixed locations (a 3 × 3 grid 
spanning the screen’s height and width) in a random order (see Greenaway et al. (2021); 
Semmelmann and Weigelt (2018) for detailed descriptions). The participants were told to 
look at the dot as quickly as possible and fixate on it until it disappeared. The calibration 
and validation phases were identical, except that the validation phase displayed a green 
dot (instead of a red one).

Attentional bias measure
The AB measure involved a modified dot-probe task (MacLeod et al., 2002), in which 
each trial began with a blank screen for 500 ms. A fixation cross then appeared in 
the center of the screen for 500 ms. Two faces from the same actor were then 
presented in sad-neutral, angry-neutral, happy-neutral, sad-happy, angry-happy, 
and sad-angry expression pairings for 2000 ms. The faces were selected from the 
FACES database (Ebner et al., 2010). When the faces had disappeared, a black dot 
was displayed in the center of one of the face’s previous location for 1000 ms. 
Participants were instructed to look at the cross and the dot as quickly as possible 
and fixate on them until they disappeared, and to view the facial stimuli naturally 
when they appeared. Trials (N = 96) were shown randomly, with each facial emotion 
type being presented 48 times by 24 actors. Each actor was displayed four times. 
Actor gender and the side of the screen the facial emotion type and dot appeared 
on were counter-balanced across the trials.

Data quality
Participants who wanted assistance (n = 7) from a representative to navigate the ques-
tionnaire stated that they were able to disclose their thoughts and feelings to their 
representatives. All participants were (1) informed that providing open and honest 
responses would help to improve data quality (Lu et al., 2022), (2) advised to start the 
survey when they were most alert and (at least) the suggested completion time could be 
accommodated, and (3) asked to take a break when required. All items in the survey were 
set to “required” (see supplementary material for detailed data quality improvement 
information).

Data analysis

Data quality
Straightlining (SL) (i.e., responses with little variation within a set of items), an indicator of 
low-attentiveness (Buchanan & Scofield, 2018; Silber et al., 2019), was examined in T1 
surveys via graphs (Buchanan & Scofield, 2018). Each participant’s relative frequency of SL 
across the rumination measures was computed (i.e., the number of measures with SL 
divided by the number of measures [three]) generating a score between 0 and 1 (Gummer 
et al., 2021). The percentage of participants scoring ≥ 0.33 was calculated and reported, 
and the T1 and T2 responses of these participants were then compared, where possible, as 
a consistency check.
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Rumination
The median rumination score was computed to distinguish low (< median score) and high 
ruminators (> median score) (E. Watkins & Mason, 2002).

Attentional biases
A total dwell-time was computed for each emotional face and its corresponding neutral 
face in emotional-neutral pairings by summing the dwell-time in ms across each trial, and 
converting the resulting total to seconds (s). Bias scores were computed by subtracting 
the neutral total dwell-time from the corresponding emotional total dwell-time. Scores 
above zero were interpreted as a bias toward the emotional face, and scores below zero as 
a bias away from the emotional face (Duque & Vázquez, 2015).

Statistical analysis
Statistical analyses were performed with SPSS version 27 (IBM Corp, 2017). Non- 
parametric methods were mainly used to analyze the rumination questionnaires and 
mood data and a two-tailed critical alpha level of p < .05 was used for all significance 
tests. Mann-Whitney U (U) and t-tests (t) were used to compare the PwD and HC group in 
terms of age, cognitive ability (TICS), depression (PHQ-9), and anxiety (GAD-7) scores 
where appropriate. These tests were conducted using the full T1 dataset as this was the 
larger of the two (NT1 = 139 versus NT2 = 117). Wilcoxon signed-ranks tests (T), paired- 
sample t-test, and Spearman rho bivariate correlations (rs) were used to assess the test- 
retest reliability of T1 versus T2 rumination measure (CERQ, RTSQ and RRS combined- 
types [combined depressive, brooding, and reflection subscale scores], brooding and 
reflection subscales) responses of the first 50 PwD participants who completed the 
questionnaires at both timepoints. Adequate Cronbach’s alphas and correlation strengths 
in-line with those previously reported for these questionnaires (.60 to .80) were consid-
ered acceptable and permitted further data collection and analyses (Brinker & Dozois,  
2009; Garnefski & Kraaij, 2007; McLaughlin & Nolen-Hoeksema, 2011). Cronbach’s alpha 
calculations, rumination level comparisons (CERQ, RTSQ, RRS scales), and the following 
bivariate zero-order and partial correlation analyses were conducted using the full T1 
dataset.

Zero-order rs assessed the relationship between cognitive, rumination, and mood 
scores. Rank analysis of covariance (Quade, 1967) was used to investigate rumination 
levels (dependent variables) while controlling for depression using the following method:

(1) The dependent variables and covariates were ranked.
(2) A linear regression of the ranks of dependent variables on the ranks of the 

covariates was performed and the residuals (raw or unstandardized) were saved.
(3) Using the saved residuals as the dependent variable, a one-way analysis of variance 

(ANOVA) with group as the factor was conducted.

Ranked partial correlation coefficients (Conover, 1999) were performed to assess the 
strength of the relationship between rumination and one mood type while controlling 
for the other. Effect size (ES) (r) was calculated for significant U and T differences using the 
formula as seen in (1) (z = z-value; N = observation number). 

AGING, NEUROPSYCHOLOGY, AND COGNITION 9



r ¼
Z
ffiffiffiffi
N
p (1) 

ES (r2) were calculated for significant bivariate correlations by squaring the correlation 
coefficient.

Results

Data quality

Survey response rates
A high survey response (139/143 = 97% of surveys were started; study drop-outs: PwD = 3, 
HC = 1) and completion (139/139 = 100%) rate was achieved for T1 surveys. T2 survey 
responses were not required from 11 PwD participants as they attempted or completed 
AB measures. Of the remaining T1 PwD participants (n = 53), a high survey response 
(50/53 = 98% of surveys were started; study drop-outs = 3) and completion (50/50 = 100%) 
rate was achieved.

Participants with dementia’s data quality
No data were removed due to data quality concerns due to the consistency shown 
between T1 and T2 (see supplementary material for further details). While there was 
some evidence of SL in PwD T1 surveys (9/63 = 14%), the T1 versus T2 Cronbach 
alpha and/or correlations coefficients, as discussed later, are in line with the test- 
retest reliabilities of responses obtained via postal response (Garnefski & Kraaij,  
2007), in the presence of a researcher and via telephone (Brinker & Dozois, 2009), 
and face-to-face interview (McLaughlin & Nolen-Hoeksema, 2011) with cognitively 
healthy adults.

There was a higher occurrence of SL in HC T1 surveys (21/75 = 28%). As an inattentive-
ness level of 25% may impact data quality (Silber et al., 2019), analyses were also 
conducted on the HC dataset after removing the SL participants (non-SL dataset, n = 54) 
as a matter of precaution (see supplementary material for descriptive, reliability, and zero- 
order correlation data). Higher SL in the full HC dataset was not associated with reduced 
data quality, and in general, demonstrated slightly higher reliability than the non-SL 
dataset.

Participant characteristics

There was no significant difference between the PwD and HC groups in terms of age, 
U(N PwD = 64, NHC = 75) = 2,170.00, z = −.97, p = .33) (see Table 1. for descriptive, mood, 
and rumination measures analyses). The PwD group had significantly higher levels of 
cognitive impairment, U(N PwD = 64, NHC = 75) = 4,190.00, z = 7.59, p < .001 (ES, r = .64), 
depression, U(N PwD = 64, NHC = 75) = 1,731.00, z = −2.86, p = .004 (ES, r = −.24), and anxi-
ety, U(N PwD = 64, NHC = 75) = 1,627.50, z = −3.37, p < .001 (ES, r = −.29), than the HC group 
(see Table 2. for symptom status information).

The PwD group used RUM-EMO-REG style to the same extent as the HC group, U(N 
PwD = 64, NHC = 75) = 2,256.50, z = −.61, p = .54, but used a ruminative RUM-THINK sig-
nificantly more than the HC group, U(N PwD = 64, NHC = 75) = 1,908.50, z = −2.08, p = .04 
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(ES, r = −.18) (see Error! Reference source not found. for descriptive analysis). In terms of 
ruminative responses to depression, the PwD group used combined-types, U(N PwD = 64, 
NHC = 75) = 1,632.00, 
z = −3.25, p = .001 (ES, r = −.28), and brooding, U(N PwD = 64, NHC = 75) = 1,830.50, z =  
−2.44, p = .02 (ES, r = −.21), significantly more than the HC group, but used reflection, 
U(NPwD = 64, NHC = 75) = 2238.50, z = −.71, p = .48), to the same extent as the HC group. 
(Tables 1 and 2).

Rumination measure reliability for participants living with dementia

Test-retest reliability
Significance tests were conducted for each rumination measure for the first 50 partici-
pants to have completed both T1 and T2 surveys (see Table 3. for descriptive analysis). No 
significant differences were found between T1 and T2 rumination scores (RUM-EMO-REG 
style, T = 275.50, z = −1.39, p = .16, RUM-THINK, t(49) = 1.42, p = .16, RUM-RESP-DEP 

Table 1. Descriptive statistics and Cronbach’s alpha for group demographic, cognitive ability, rumina-
tion, and mood measure scores.

PwD (n = 64) HC (n = 75)

Measures
Median 
(mean)

IQR 
(SD)

Mean 
rank α

Median 
(mean)

IQR 
(SD)

Mean 
rank α

Age 73 9 74 N/A 71 9 67 N/ 
A

TICS** 28 10 42 .72 35 4 94 .22
Rumination
Emotion regulation style 

(CERQ)
7 4 72 .87 7 4 68 .73

Thinking style (RTSQ)* (65) (25) 78 .94 55 29 63 .93

Response to depression (RRS)
Combined-type** 35 13 82 .92 29 10 60 .89
Brooding* 8 4 79 .72 7 3 62 .77
Reflection 6 3 73 .82 6 3 68 .59

Mood
Depression (PHQ-9)** 3 7 80 .88 2 3 61 .78
Anxiety (GAD-7)** 2 5 82 .93 0 3 60 .89

PwD = people living with dementia; HC = healthy controls; α = Cronbach’s alpha; TICS = Telephone interview for cogni-
tive status; CERQ = Cognitive Emotion Regulation Questionnaire; RTSQ = Ruminative Thought Style Questionnaire; 
RRS = Ruminative Response Scale; PHQ-9 = Patient Health Questionnaire 9; GAD-7 = Generalized Anxiety Disorder scale. 

RRS combined-type = combined depressive, brooding and reflection subscale scores. 
*significant difference at the .05 level (2-tailed). 
**significant difference at the .01 level (2-tailed).

Table 2. Group depression and anxiety symptom status.
n

Symptom status (scale points) PwD HC

Comorbid depression and anxiety (PHQ-9 ≥ 5 and GAD-7 ≥ 5) 15 7
Depression with no anxiety (PHQ-9 ≥ 5 and GAD-7 < 5) 11 5
Anxiety with no depression (GAD-7 ≥ 5 and PHQ-9 < 5) 3 2
Non-depressed/non-anxious (PHQ-9 < 5 and GAD-7 < 5) 34 59

PwD = people living with dementia; HC = healthy controls; PHQ-9 = Patient Health 
Questionnaire 9; GAD-7 = Generalized Anxiety Disorder scale.
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combined-types, T = 378.50, z = −1.77, p = .08; brooding, T = 205.00, z = −1.82, p = .07, and 
reflection, T = 130.00, z = −1.68, p = .09). Bivariate correlations between T1 and T2 scores 
were moderate to strong (see Table 3).

Cronbach’s alpha
The internal consistency of the PwD group’s T1 and T2 rumination measures was accep-
table to high (Greco et al., 2018) (see Table 1. and Table 3).

Relationship between rumination, age, cognitive ability, depression, and anxiety

Age versus cognitive ability, rumination, and mood
Being older was associated with less use of RUM-EMO-REG (rs = −.29, p = .02, 95% 
CI [−.51, −.05]), RUM-RESP-DEP reflection (rs = −.26, p = .04, 95% CI [−.48, −.01]), and 
lower levels of anxiety (rs = −.28, p = .03, 95% CI [−.50, −.03]) with small effects (ES, 
r2 = .07 to .08) for the PwD group (see supplementary material for individual ES). 
Partial correlation analyses showed that these relationships were not independent of 
cognitive ability and/or mood (see supplementary material for partial correlational 
data).

Being older was associated with higher levels of cognitive impairment (rs = −.24, 
p = .04, 95% CI [−.44, −.01]), less use of RUM-EMO-REG (rs = −.31, p = .01, 95% 
CI [−.51, −.09]), and lower levels of depression (rs = −.27, p = .02, 95% CI [−.47, −.04]) 
with small effects (ES, r2 = .06 to.10) for the HC group (see supplementary material for 
individual ES). Partial correlation analyses showed that the relationship between age and 
(1) cognitive ability was independent of mood, (2) RUM-EMO-REG was independent of 
cognitive ability and mood, and (3) depression was not independent of anxiety (see 
supplementary material for partial correlational data).

Cognitive ability versus rumination and mood
Having less cognitive impairment (higher TICS scores) was associated with greater 
use of RUM-EMO-REG (95% CI [.08, .53]), RUM-THINK (95% CI [.02, .49]), RUM-RESP- 
DEP reflection (95% CI [.08, .54]), and higher levels of anxiety (95% CI [.04, .50]), with 

Table 3. Timepoint 1 (T1) and Timepoint 2 (T2) descriptive and correlational comparison data for 50 
PwD’s rumination measure scores.

T1 T2 T1 vs T2 95% CI

Rumination measures
Median 
(mean)

IQR 
(SD) α

Median 
(mean)

IQR 
(SD) α rs (r)

Lower, upper 
(limit)

Emotion regulation style 
(CERQ)

8 4 .84 6 3 .82 .69** .49, .83

Thinking style (RTSQ) (64) (24) .94 (60) (26) .96 (.68**) .49, .80
Response to depression (RRS)

Combined-type 35 12 .92 33 11 .92 .77** .60, .87
Brooding 8 4 .73 8 3 .79 .67** .45, .81
Reflection 6 4 .83 6 3 .70 .71** .52, .84

PwD = people living with dementia, CI = confidence interval; α = Cronbach’s alpha; CERQ = Cognitive Emotion Regulation 
Questionnaire; RTSQ = Ruminative Thought Style Questionnaire; RRS = Ruminative Response Scale. 

RRS combined-type = combined depressive, brooding and reflection subscale scores. 
**significant at the .01 level (2-tailed).
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small effects (ES, r2 = .07 to .10) for the PwD group (see Table 4). and supplementary 
material for individual ES). Partial correlation analyses showed that these relationship 
were not independent of age and/or mood (see Table 4). No significant correlations 
were found between cognitive ability and any type of rumination, nor mood for the 
HC group.

Table 4. Spearman rho zero-order and partial correlations between cognitive ability, rumination, and 
mood measure scores.

TICS

PwD (n = 64) HC (n = 75)

Measures ZO AgC DC AC ZO AgC DC AC

Rumination
Emotion regulation style (CERQ) .32** .28* .23 .19 .14 .07 .13 .18
Thinking style (RTSQ) .27* .24 .19 .08 .08 .05 .07 .18
Response to depression (RRS)

Combined-type .12 .09 −.01 −.08 .05 −.002 .02 .19
Brooding .02 −.003 −.10 −.17 −.03 −.05 −.06 .06
Reflection .33** .29* .26* .22 .12 .08 .11 .18

Mood
Depression (PHQ-9) .24 .21 - .09 .05 −.01 - .16
Anxiety (GAD-7) .28* .24 .18 - −.11 −.17 −.20 -

TICS = Telephone interview for cognitive status; PwD = people living with dementia; HC = healthy controls; ZO = zero- 
order correlation; AgC = age as a covariate (partial-correlation); DC = depression as a covariate (partial-correlation); 
AC = anxiety as a covariate (partial-correlation); CERQ = Cognitive Emotion Regulation Questionnaire; 
RTSQ = Ruminative Thought Style Questionnaire; RRS = Ruminative Response Scale; PHQ-9 = Patient Health 
Questionnaire 9; GAD-7 = Generalized Anxiety Disorder scale. 

RRS combined-type = combined depressive, brooding and reflection subscale scores. 
*significant at the .05 level (2-tailed). 
**significant at the .01 level (2-tailed).

Table 5. Spearman rho zero-order and partial correlations between rumination and depression scores.
Depression (PHQ-9)

PwD (n = 64) HC (n = 75)

Measures ZO CAC AgC AC ZO CAC AgC AC

Rumination
Emotion regulation style (CERQ) .56** .52** .53** .29* .33** .32** .27* .18
Thinking style (RTSQ) .46** .42** .43** −.02* .48** .48** .46** .24*

Response to depression (RRS)
Combined-types .55** .54** .53** .27* .69** .69** .66** .38**

Brooding .42** .43** .41** .14 .45** .45** .44** .16
Reflection .45** .40** .42** .20 .51** .51** .49** .27*

Mood
Anxiety (GAD-7) .59** .56** .57** - .70** .70** .67** -

PHQ-9 = Patient Health Questionnaire 9; PwD = people living with dementia; HC = healthy controls; ZO = zero-order 
correlation; CAC = cognitive ability as a covariate (partial-correlation); AgC = age as a covariate (partial-correlation); 
AC = anxiety as a covariate (partial-correlation); CERQ = Cognitive Emotion Regulation Questionnaire; RTSQ =  
Ruminative Thought Style Questionnaire; RRS = Ruminative Response Scale; GAD-7 = Generalized Anxiety Disorder 
scale. 

RRS combined-types = combined depressive, brooding and reflection subscale scores. 
*significant at the .05 level (2-tailed). 
**significant at the .01 level (2-tailed).
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Rumination and depression
Increased use of each type of rumination was associated with increased levels of depression 
with small to moderate effects for both the PwD (95% CI range = .18 to .71, ES, r2 = .18 to .31) 
and HC group (95% CI range = .10 to .80, ES, r2 = .11; to .48) (see Table 5). and supplementary 
material for individual CIs and ES). Partial correlation analyses showed that the relationship 
between depression and (1) RUM-THINK and, (2) RUM-RESP-DEP brooding and reflection 
were not independent of anxiety, but RUM-EMO-REG and RUM-RESP-DEP combined-types 
independently explained some of the variance in depression with small effects (RUM-EMO- 
REG style, r2 = .08; combined-types, r2 = .07) for the PwD group. For the HC group, the 
relationship between depression and (1) RUM-EMO-REG, and (2) RUM-RESP-DEP brooding 
were not independent of anxiety, but RUM-THINK, and RUM-RESP-DEP combined-types and 
reflection independently explained some of the variance in depression with small effects 
(RUM-THINK, r2 = .06; combined-types, r2 = .14; reflection, r2 = .07).

Rumination and anxiety
Increased use of each type of rumination was associated with increased levels of 
anxiety with small to moderate effects for both the PwD (95% CI range = .30 to .88, 
ES, r2 = .27 to .62) and HC group (95% CI range = .07 to .82, ES, r2 = .08 to .53) (see 
Table 6). and see supplementary material for individual CIs and ES). Partial correlation 
analyses showed that each type of rumination independently explained some of the 
variance in anxiety with small and moderate effects (RUM-EMO-REG style, r2 = .21; 
RUM-THINK, r2 = .52; RUM-RESP-DEP combined-types, r2 = .22, brooding, r2 = .17, and 
reflection, r2 = .13) for the PwD group. For the HC group, the relationship between 
anxiety and (1) RUM-EMO-REG style, and (2) RUM-THINK were not independent of 
depression, but all of the types of RUM-RESP-DEP independently explained some of 
the variance in anxiety with small effects (combined-types, r2 = .23, brooding, r2 = .09, 
and reflection, r2 = .06).

Table 6. Spearman rho zero-order and partial correlations between rumination and anxiety scores.
Anxiety (GAD-7)

PwD (n = 64) HC (n = 75)

Measures ZO CAC AgC DC ZO CAC AgC DC

Rumination
Emotion regulation style (CERQ) .64** .60** .60** .46** .29* .32** .25* .10
Thinking style (RTSQ) .79** .77** .77** .72** .47** .48** .45** .21
Response to depression (RRS)

Combined-types .64** .63** .62** .47** .73** .74** .72** .48**

Brooding .55** .57** .55** .41** .50** .50** .48** .30*

Reflection .52** .47** .49** .36** .50** .52** .48** .24*

Mood
Depression (PHQ-9) .59** .56** .57** - .70** .70** .67** -

GAD-7 = Generalized Anxiety Disorder scale; PwD = people living with dementia; HC = healthy controls; ZO = zero-order 
correlation; CAC = cognitive ability as a covariate (partial-correlation); AgC = age as a covariate (partial-correlation); 
DC = depression as a covariate (partial-correlation); CERQ = Cognitive Emotion Regulation Questionnaire; RTSQ =  
Ruminative Thought Style Questionnaire; RRS = Ruminative Response Scale; PHQ-9 = Patient Health Questionnaire 9. 

RRS combined-types = combined depressive, brooding and reflection subscale scores. 
*significant at the .05 level (2-tailed). 
**significant at the .01 level (2-tailed).
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Relationship between rumination and attentional biases

Full eye-tracking datasets were obtained from nine of the 11 participants within the AB 
subgroup. Exploratory analyses were conducted to provide estimate data for future larger- 
scale studies (see Table 7). Bivariate correlation analyses only yielded one significant 
correlation between RUM-THINK scores and angry-face dwell-times (rs = −.80, p = 0.01, 
95% CI [−.97, −.17], power = .64) with a moderate effect (r2 = .64) (see Figure 2). Higher 
use of a ruminative thinking style was associated with less dwelling on angry faces. As we 
could have missed other relationships by not examining a relative bias metric, relative bias 
scores were then computed and explored. The only significant correlation yielded was 
between ruminative RUM-THINK and angry-face bias scores (rs = −.79, p = 0.01, 95% CI [−.96, 
−.15], power = .62) with a moderate effect (r2 = .62). Higher use of a ruminative thinking 
style (high ruminators) was associated with a bias away from angry faces, and lower use 
(low ruminators) with a bias toward angry faces (see Figure 3).

Table 7. Descriptive analyses of the attentional bias sub- 
group’s age, cognitive ability, rumination, mood, dwell- 
time, and attentional bias scores.

N = 9

Measures Mean SD

Age 67 5
Cognitive status (TICS) 32 5
Rumination
Emotional regulation style (CERQ) 11 5
Thinking style (RTSQ) 87 22
Response to depression (RRS)

Combined-type 45 11
Brooding 11 3
Reflection 6 2

Mood
Depression (PHQ-9) 10 8
Anxiety (GAD-7) 9 6

Total dwell-time (s)
Sad face 15 2
Neutral (versus sad faces) 16 2
Angry face 16 2
Neutral (versus angry faces) 15 2
Happy face 16 2
Neutral (versus happy faces) 15 2

Bias score (s)
Sad face −2 3
Angry face 1 3
Happy face 1 4

TICS = Telephone interview for cognitive status; CERQ = Cognitive 
Emotion Regulation Questionnaire; RTSQ = Ruminative Thought 
Style Questionnaire; RRS = Ruminative Response Scale; 
PHQ-9 = Patient Health Questionnaire 9; GAD-7 = Generalized 
Anxiety Disorder scale. 

RRS combined-type = combined depressive, brooding and reflection 
subscale scores. 

Bias scores (proportion of the total dwell-time on the emotional face 
relative to the total dwell‐time on both the emotional face plus its 
corresponding neutral face). Scores of > 0 indicate longer dwelling 
on the emotional face, and < 0 indicate less dwelling on the 
emotional face.
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Discussion

This study investigated the reliability of the Cognitive Emotion Regulation Questionnaire 
(CERQ), Ruminative Thought Style Questionnaire (RTSQ), and the Ruminative Response 
Scale (RRS) as rumination measures for people living with dementia (PwD), the level of 
rumination observed in people living with and without dementia, and the relationships 
between rumination, age, cognitive ability, mood, and attentional biases (AB) in these 
populations. Our findings contribute to the sparse literature that focusses on old to very- 
old older adults (below and above 80 years old respectively) (Kunzmann et al., 2023), and 
to our knowledge, this is the first study to present a cross-sectional picture of these types 
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Figure 2. Participants’ (N = 9) RTSQ (ruminative thought style questionnaire) scores against their 
angry-face dwell-time. R2 = effect size.
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Figure 3. Participants’ (N = 9) angry-face bias scores (proportion of the total dwell-time on the angry 
face relative to the total dwell‐time on both the angry face plus its corresponding neutral face) against 
their RTSQ (ruminative thought style questionnaire) scores. Bias scores of > 0 indicate longer dwelling 
on angry faces, <0 indicate less dwelling on angry faces, and 0 indicates no bias. The dashed vertical 
line represents the median RTSQ score of 95. Scores below and above the median indicate low and 
high ruminators, respectively.
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of ruminative processing in dementia. Our findings suggest that rumination as an emo-
tion-regulation style (RUM-EMO-REG), thinking style (RUM-THINK), and response to 
depression (RUM-RESP-DEP) can be reliably assessed in dementia using the CERQ, RTSQ, 
and RRS respectively, and that PwD ruminate in these ways. The question of whether the 
inhibitory control deficits associated with AD would corresponded with higher or lower 
levels of rumination had been posed (Nash et al., 2007). While the PwD in the current 
study reported significantly higher levels of RUM-THINK and RUM-RESP-DEP (combined- 
type and brooding) than did healthy controls (HC) participants, this would be expected 
(based on cognitively healthy population literature) as they reported significantly higher 
levels of depression and anxiety. However, future studies should specifically investigate 
participants with AD, assess AD severity, include individuals with AD ranging from mild to 
severe, and assess cognitive inhibition and rumination levels concurrently to directly 
address this question.

In line with findings relating to participants living without dementia (Demnitz‐King 
et al., 2021), we found that higher levels of reflective rumination were associated with 
better cognition after controlling for depression for the PwD group. However, this 
relationship diminished after controlling for anxiety. Based on previous findings 
(Marchant et al., 2017, 2020) of increased repetitive negative thinking (RNT) being 
independently associated with greater declines in memory, we could have expected the 
relationships between cognitive ability and rumination for the PwD group within the 
current study to be evident after controlling for anxiety (or depression) symptoms. 
However, our studies differ in terms of (1) study cohorts (e.g., PwD versus people living 
without dementia and sample sizes), (2) cognitive focus (memory versus a multi-domain 
score), and (3) the type/valence of repetitive thinking being assessed (CERQ, RTSQ, and 
RRS versus the Perseverative Thinking Questionnaire (Ehring et al., 2011)). The 
Perseverative Thinking Questionnaire was specifically designed to assess content- 
independent dysfunctional repetitive thinking and is more associated with the negative 
aspects of repetitive thinking. The RTSQ and RRS used in the current study contain neutral 
(i.e., RTSQ) and (relatively more) positive aspects of repetitive thinking which are con-
sidered (relatively) less dysfunctional (e.g., RRS reflective rumination). And while RRS 
brooding rumination is considered dysfunctional RNT, it is content specific (i.e., RNT 
focussed on depression). It may therefore be possible that different types of repetitive 
thinking may be associated with dementia (or cognitive ability) to differing degrees, with 
different consequences, at different stages of life (e.g., a protective factor in mid-life 
(Ravona-Springer et al., 2009), or associated with AD risk factors in later life (Marchant 
et al., 2020)).

Our finding that increased rumination is associated with increased levels of depression 
and anxiety for the PwD group corresponds with the literature involving older adults 
living without dementia (Chen et al., 2020; McLaughlin & Nolen-Hoeksema, 2011; Nolen- 
Hoeksema & Aldao, 2011; Opdebeeck et al., 2015; Philippot & Agrigoroaei, 2017; Ramirez- 
Ruiz et al., 2019; Ricarte et al., 2016; Romero-Moreno et al., 2016; Von Hippel et al., 2008), 
with the strongest relationship being seen between RUM-THINK and anxiety for the PwD 
group, and RUM-RESP-DEP and anxiety for the HC group. The RRS, used to measure RUM- 
RESP-DEP, is typically used in rumination studies involving both depression and anxiety 
(Chen et al., 2020; Olatunji et al., 2013; Opdebeeck et al., 2015). Our findings suggest that 
the use of the RRS may be appropriate in mood studies involving cognitively healthy older 
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adults given the higher amount of the variance accounted for by RUM-RESP-DEP in both 
depression and anxiety, compared to RUM-EMO-REG or RUM-THINK in this group. RUM- 
EMO-REG and RUM-RESP-DEP accounted for virtually the same amount of the variance in 
depression and anxiety as measured by the CERQ and RRS, respectively, for the PwD 
group. The CERQ contains 4 item and the RRS contains 22 items. If future studies have 
a large number of scales to administer, they may wish to consider using the CERQ as 
participant burden may be lessened, unless they were specifically interested in examining 
the types of rumination assessed within the RRS. Still, as RUM-THINK accounted for 
a higher amount of the variance in anxiety than any other type of rumination for PwD 
group, future anxiety studies involving PwD should consider including the RTSQ measure 
of rumination.

To the best of our knowledge, this is the first study to explore the relationship between 
rumination, depression, anxiety, and AB in a cohort that includes PwD. Although we found 
that a negative relationship between RTSQ scores and (1) angry-face dwell-time, and (2) 
angry-face bias scores (i.e., high ruminators dwelled less on angry faces/displayed an AB 
away from angry faces whereas low ruminators dwelled on angry faces more/displayed an 
AB toward angry faces), we acknowledge the preliminary nature of these findings, and 
that they should be interpreted with caution. While a negative relationship contrasts with 
theoretical accounts of rumination and findings showing a positive relationship between 
AB and rumination for participants with major depression or experiencing state anxiety 
(De Raedt & Koster, 2010; Donaldson et al., 2007; Vălenaş et al., 2017), these relationships 
need to be robustly explored in older adults living with and without cognitive impairment 
to examine whether existing theoretical accounts hold within these populations. 
Additionally, given the number of tests conducted in the analyses of the participant 
survey responses, there is the possibility of type one errors, so further investigation is 
warranted.

Clinical/Research relevance

Our finding show that it is prudent to use multiple rumination measures when examining 
the relationship between rumination and neuropsychiatric symptoms in populations 
where these relationships have not been previously examined. As we have established 
that there are moderate to strong relationships between rumination, depression, and 
anxiety for PwD, developing, or adapting interventions that target rumination for this 
population could potentially increase treatment options, particularly for anxiety. In gen-
eral, rumination-based interventions should be further explored within older-adult popu-
lations (Tang et al., 2022). Moreover, measuring AB within these intervention studies, 
could evaluate the theoretical relationship between rumination, mood, and AB in older 
adults.

Study limitations

One limitation is that our cross-sectional and correlational study design is insuffi-
cient to establish causality. Other limitations include our sample size, use of self-/ 
representative-reported diagnoses, and that a dementia severity assessment was 
not conducted. Our sample size did not allow for sub-group analysis (dementia 
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type, or symptom status). While 66% of our PwD group had a diagnosis of AD, it is 
possible our results were influenced by the combination of different types of 
dementia in this group (i.e., the varying types of cognitive impairment associated 
with each dementia). Further, our analysis was conducted on groups comprising 
individuals with varying symptomology (i.e., with and without depression and/or 
anxiety, and within score ranges indicative of subclinical and clinical depression 
[MDD] and anxiety [GAD]), and possibly different symptom histories (e.g., never, or 
formally experienced depressed and/or anxious episodes). This is likely to have 
affected our findings as rumination levels have been shown to differ between 
groups with subclinical and clinical levels of depression or anxiety, and those 
with comorbid depression and anxiety (Aldao et al., 2010; McEvoy et al., 2013), 
and symptom history can affect findings (Whitmer & Gotlib, 2011). In terms of 
dementia diagnosis and severity, our study sample might have been better char-
acterized if the dementia diagnosis and severity were confirmed within the current 
study. While our findings provide preliminary data for future studies, the reliability 
of the examined rumination measures for participants with more clearly defined 
characteristics is required.

Lastly, a potential limitation could stem from the rumination types/measures that were 
investigated in our study. We were very conscious of participant overload so limited the 
number of rumination types/measures to be investigated. It would be worth investigating 
other types of ruminative or repetitive thinking not studied here, and their corresponding 
measures, to compare their suitability for examining the relationship between depression 
and anxiety in dementia.

Future studies

Future studies are needed to replicate these findings, with larger samples to enable 
sub-group analysis (e.g., dementia type and severity, symptom status [subclinical, 
clinical, or comorbid], and symptom history [i.e., no previous episode versus 
repeated episodes]). Further research (e.g., symptom criteria, cutoff scores, and 
validation in different settings and populations) is needed regarding the assessment 
of depression and anxiety in older adults (Balsamo, Cataldi, Carlucci, & Fairfield, 2018; 
Balsamo, Cataldi, Carlucci, Padulo, et al., 2018; Gerolimatos et al., 2015; Goodarzi 
et al., 2019). Moreover, future studies could incorporate a variety of measures (e.g., 
proxy and clinical interview) to examine the relationships between rumination, 
depression, anxiety, and AB. As RNT, depression and anxiety have been linked 
to AD risk, and we have established a relationship between rumination, depression, 
and anxiety for PwD, longitudinal studies are necessary to better examine these 
relationships, and assess their cognitive and biological impact (i.e., rate of cognitive 
decline and plaque formation). AB and rumination have already become intervention 
targets for depression and anxiety in cognitively healthy individuals (Spinhoven, 
Klein, et al., 2018; Yang et al., 2015). Experimental studies ought to be conducted 
to investigate whether a reduction in negative AB and rumination in dementia 
affects depression and anxiety symptoms, and perhaps the rate of cognitive decline 
and disease progression.
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Conclusion

The Cognitive Emotion Regulation Questionnaire, Ruminative Thought Style 
Questionnaire, and Ruminative Response Scale are reliable measures of rumination in 
dementia. Our findings suggest that these types of rumination may be an important 
factor in anxiety in this population. They also highlight the need for further investigation 
of how different types of repetitive or ruminative thinking may affect individuals, pre- and 
post-diagnosis. The findings from this study support the idea that rumination could be 
a promising target for interventions intended to reduce depression and anxiety in PwD.
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