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Abstract  

Interest in the role of both emotion regulation and recognition in our understanding of 

mental health has been steadily increasing, especially in people with chronic illness who also 

have psychological difficulties. One illness which belongs to this category is Huntington’s 

disease. Huntington’s disease (HD) is a chronic neurodegenerative disorder that can cause a 

number of cognitive and psychological difficulties, including emotion recognition deficits, 

even before the onset of the symptoms required to make a formal diagnosis. Despite the lack 

of definite evidence, recent studies have suggested that deficits of emotion regulation and 

recognition may be expected to play a pivotal role in the early cognitive manifestations of HD.  

In this study, we hypothesised that the ability to regulate emotions can be impaired in 

people with presymptomatic HD, and that such impairment may be associated with a deficit of 

emotion recognition. To test this, an online survey was carried out with 117 English and 

Italian-speaking people with presymptomatic HD, compared to 217 controls matched for age 

and education. 

The results suggest that, in presymptomatic participants, emotion regulation and 

emotion recognition are generally not significantly impaired, and no significant relationships 

between performances on the two constructs were observed. However, a specific impairment 

in emotional awareness (a subscale on the Difficulties in Emotion Regulation Scale, DERS) was 

observed, which appears to be enhanced by the co-occurrence of depressive symptoms, even 
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at a subclinical level. Consequently, it is suggested that difficulties in emotional awareness 

may represent a precursor of more general emotion recognition impairments, which only 

become apparent as the disease reaches a more symptomatic level. Clinical implications of the 

findings are discussed and directions for future research are proposed. 
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1 Introduction  

1.1 Emotion regulation 

Emotion regulation is defined as the process of managing one’s emotions, as well as 

when and how one experiences or expresses them (Gross, 1998; Mayer, 2001). It involves 

both negative and positive emotions and its successful operation for good mental health has 

been widely recognised, with a substantial increase in the number of empirical investigations 

addressing this broad research area in the last two decades (e.g., Eftekhari, Zoellner, & Vigil, 

2009; Gross, 2013; Gross & Muñoz, 1995). The most popular framework that has been 

developed to explain its functioning is the Process Model of Emotion Regulation (Gross, 1998), 

which identifies five fundamental families of regulatory emotional processes: a) Situation 

selection, i.e. taking necessary actions to approach or avoid situations potentially involving 

emotional responses; b) situation modification, i.e. modifying a situation in order to affect its 

emotional impact; c) attentional deployment, i.e. deploying or distracting attention in a 

situation to alter the emotional response; d) cognitive change, i.e. changing point of view or 

perspective on a situation in order to change the emotional response; e) response modulation, 

i.e. taking direct action on managing the behavioural and physical components of the 

emotional response. The latter two processes are responsible for the two main strategic 

outcomes of emotion regulation: reappraisal, which originates from cognitive change and 

involves actively rethinking a situation to alter the emotional response, and emotion 

suppression, which belongs to the response modulation family and promotes the decrease of 

emotion expression (Gross, 2013). While reappraisal is a cognitively-oriented strategy that 

has proven to be particularly beneficial for the regulation of negative emotions and the 

promotion of positive experiences, the evidence on emotion suppression (which, by contrast, 

is behaviourally-oriented) shows limited benefits and suggests the potential for mainly 

detrimental effects such as increased negative experiences, and memory difficulties (for a 

meta-analysis, see Webb et al., 2012).  

Regardless of their specific efficacy, however, the successful implementation of 

emotion regulation strategies is based on the accurate functioning of a number of 

fundamental physiological, behavioural, and cognitive mechanisms that are known to be 

involved in emotional processing and response (Mauss et al., 2005). These include the ability 

to recognise emotions in other people, which represents a key cognitive and social skill and 

whose impairment is likely to cause emotional dysregulations. This is especially true in 
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clinical conditions where emotion recognition is frequently impaired, such as in 

neurodegenerative disorders (Löffler et al., 2015). 

1.2 Emotional difficulties in neurodegenerative disorders: the case of Huntington’s disease 

Huntington’s disease (HD) is a hereditary progressive neurodegenerative disorder 

which affects 12.3 people  per 100,000 in the UK (Evans et al., 2013). Typical symptoms 

include involuntary movements (chorea), involuntary abnormal postures (dystonia), 

cognitive deterioration (dementia) and significant psychological problems (Novak and Tabrizi, 

2005). Since the transmission mechanism is autosomal-dominant, every affected individual 

has a 50% probability of transmitting it to their children. The mean age of onset is 40-50 

years, and the mean life expectancy after the diagnosis is typically 20 years (Folstein, 1989). 

Genetic testing is available for individuals at risk, allowing them to know if they carry the 

mutated gene. Individuals with this gene mutation will develop the disease at a certain time in 

their life, and are defined as ‘presymptomatic’. The full diagnosis of Huntington's disease is 

based on the development of motor symptoms along with a familiar history (i.e., proof of an 

affected parent). Cognitive and psychological changes, including emotional problems, do not 

have to be present for a diagnosis to be made, even though they can arise much earlier than 

motor impairments, thus still affecting ‘presymptomatic’ individuals.  

An impairment in the ability to recognise emotions has been widely noted in empirical 

studies in people with symptomatic HD over the last few decades, with both cross-sectional 

and longitudinal investigations consistently reporting evidence of early deterioration in the 

facial recognition of negative emotions, more specifically anger, fear, and disgust (e.g., Bates et 

al., 2014; Dumas et al., 2013; Henley et al., 2012; Johnson et al., 2007; Robotham et al., 2011). 

These findings were further underlined by a recent meta-analysis on disorders of social 

cognition in HD (Bora et al., 2015). Evidence in people with presymptomatic HD for the same 

set of deficits is more sparse and contrasting;  some evidence from small samples (i.e., below 

50) reports no significant impairment of emotion recognition (Kipps et al., 2007; Milders et al., 

2003), while other investigations on larger samples observed a significant impairment of 

negative emotion (e.g., the results from the TRACK-HD study; Labuschagne et al., 2013 – for a 

systematic review on emotion recognition specifically, see Henley et al., 2012). On the other 

hand, very little is currently known about emotion regulation in people with 

neurodegenerative disorders, and HD in particular. For example, a recent review (Löffler et al., 

2015) was able to retrieve only one study, which found no differences between people with 
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symptomatic HD and healthy controls in the self-reported usage of emotion suppression and 

reappraisal (Croft et al., 2014). Moreover, no studies were retrieved on emotion regulation in 

people with presymptomatic HD, and to our knowledge none has ever been carried out.  

However, as previously anticipated, emotion recognition plays a pivotal role in the 

successful implementation of emotion regulation, and impairments in emotion recognition 

are likely to contribute to the development of emotion regulation difficulties, especially in 

clinical populations (Cecchetto et al., 2014; Gray and Tickle-Degnen, 2010; Löffler et al., 2015). 

In particular, according to emotional intelligence theory (Mayer, 2001; Salovey and Mayer, 

1990), emotion regulation can only occur after emotions have been recognised (Izard et al., 

2001; Yoo et al., 2006). With specific reference to the abovementioned Process Model, the 

inability to recognise emotions effectively seems likely to impair the regulatory processes that 

are based on the accurate emotional assessment of people and situations. Such processes 

could include situation selection (e.g., not being able to recognise those that are potentially 

negative), attentional deployment (e.g., not recognising relevant emotional cues), and 

cognitive change (e.g., basing change on misrecognised emotions). This is further 

corroborated by current evidence of a significant correlation between deficits of emotion 

recognition and emotion regulation difficulties in other clinical populations, such as people 

with anorexia nervosa (Harrison, Sullivan, Tchanturia, & Treasure, 2009), bulimia (Harrison 

et al., 2010), and borderline personality disorder (Domes et al., 2009). Moreover,  recent 

evidence on anorexia nervosa has also shown associations between specific components of 

emotion regulation and psychological difficulties such as depression and anxiety (Racine and 

Wildes, 2013). Thus, in the particular case of HD, it would be expected that emotion regulation 

and emotion recognition could play a major role in the early cognitive and psychological 

difficulties that occur prior to formal diagnosis. This in turn represents the main argument of 

a currently ongoing debate on whether more comprehensive diagnostic criteria should be 

considered for the disease (Loy and McCusker, 2013; Paulsen, 2011; Reilmann et al., 2014). 

Consequently, considering the evidence of potential early emotion recognition deficits 

in presymptomatic individuals (Henley et al., 2012) as well as the link between emotion 

recognition deficits and regulation impairments observed in other clinical populations 

(Harrison et al., 2010; Harrison et al., 2009; Racine and Wildes, 2013), the overarching aim of 

this study was to investigate the hypothesis that emotion regulation abilities can be impaired 

in presymptomatic HD gene carriers, and that such an impairment may be associated with a 

deficit of emotion recognition. More specifically, the following hypotheses were formulated 
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for this study: a) People with presymptomatic HD were predicted to report significantly more 

emotion regulation difficulties when compared to healthy controls; b) performance on 

emotion recognition was predicted to be worse in people with presymptomatic HD when 

compared to healthy controls; c) a significant positive relationship was predicted between 

difficulties in emotion recognition and emotion regulation, with more difficulties in emotional 

recognition correlating with more difficulties in emotional regulation. Moreover, in order to 

control for the possible interactions between emotion regulation and recognition with 

psychological difficulties, depression and anxiety were investigated as potential covariates.  

2 Materials and Methods 

2.1 Design 

This study adopted an online survey to explore emotion regulation and recognition in 

people with presymptomatic Huntington’s disease with age-matched (non-affected) controls.  

The survey was developed with the Qualtrics® software, and included measures for emotion 

regulation, emotion recognition, as well as anxiety and depression. Both English and Italian 

versions of the survey were developed. The Italian version was developed via an ongoing 

collaboration between the Division of Health Research (DHR) at Lancaster University and the 

Italian League for Research on Huntington and Related Disease (LIRH Foundation) at the 

Mendel Institute of Human Genetics in Rome. The aim was to expand the sample size and was 

possible due to the availability of standardised translations of all the included measures that 

report the same validity as the English version. Separate links were generated to facilitate the 

dissemination among the target populations. 

2.2 Participants 

In total, 334 participants took part in the present study. The power calculation showed 

that, assuming a small effect size (d = .2), a minimum sample of 188 participants (99 for each 

group) was required to achieve a minimum statistical power of .8 using a probability value of 

0.05. The first group (Pre-HD) consisted of 117 people with presymptomatic HD, of which 83 

were English-speakers and 34 Italian-speakers. The second group (Ctrl) consisted of 217 age-

matched controls, of which were 69 English-speakers and 148 Italian-speakers. An initial self-

report question was included for the Pre-HD versions of the survey in order to measure the 

participants’ presymptomatic status (i.e., “Have you had a positive genetic test for 
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Huntington's disease, but you're not experiencing relevant movement problems?”). The 

presymptomatic participants and the controls did not present any significant differences in 

terms of age [t(305.767) = 1.789, p = ns], years in full-time education [t(189.749) = -1.864, p = 

ns], and gender [X2(2, N = 334) = 1.606, p = ns]. See Table 1 for the full demographic details of 

the participants.  

Table 1 

Demographics of the participants. 

Note. Ctrl = control group; F = female; M = male; Min-Max = minimum-maximum value; N = count; Pre-HD = 
presymtomatic group; SD = standard deviation; yrs = years. 

The participants were enrolled across the UK and other English-speaking countries 

(e.g., USA, Canada, Australia and New Zealand), as well as Italy and San Marino via social 

media and with the help of local and international Huntington’s disease associations. All the 

participants reported to be native speakers of the respective languages.  

2.3 Measures 

2.3.1 Emotion recognition measures 

2.3.1.1 Reading the Mind in the Eyes test 

The Reading the Mind in the Eyes test (RME; Baron-Cohen et al., 2001) is a test 

consisting of 36 still pictures of the facial eye regions expressing different emotional states. 

The participant is asked to match a list of provided emotional tags to the emotions displayed 

in the pictures. The test yields a total score out of 36, and higher scores indicate higher 

recognition performance. The RME is used worldwide and has been adopted with many 

clinical conditions, including schizophrenia (Kettle et al., 2008), autism (Baron-Cohen et al., 

2001) and anorexia nervosa (Harrison et al., 2009), as well as Huntington’s disease (Allain et 

al., 2011). It has previously shown acceptable construct validity when compared to other 

emotion recognition tasks (Alaerts et al., 2011), as well as acceptable internal consistency 

(Cronbach’s α = .63 for men, .60 for women; Voracek and Dressler, 2006). The Italian 

 Pre-HD Ctrl 

 N Mean (SD) Min-Max N Mean (SD) Min-Max 

Language (EN/IT) 83/34  69/148  

Gender (M/F) 35/82  59/158  

Age (yrs) 117 37.38 (11.06) 19-70 217 40 (15.39) 18-74 

Education (yrs) 117 14.49 (2.77) 11-21 217 13.94 (2.11) 11-17 

Test-time (yrs) 117 5.09 (5.34) 0-30   
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translation by Vellante and colleagues (2013) was used for the Italian version of the survey, 

which has shown good construct (discriminant and convergent) validity and acceptable 

internal consistency (Cronbach’s α = .60). 

2.3.2 Emotion regulation measures 

2.3.2.1 Difficulties in Emotion Regulation Scale 

The Difficulties in Emotion Regulation Scale (DERS; Gratz & Roemer, 2004) is a 

validated self-report questionnaire consisting of 36 items rating emotion regulation on a 5-

point Likert scale. It includes 6 subscales: non-acceptance of emotional responses 

(NONACCEPT), difficulties engaging in goal directed behaviour (GOALS), impulse control 

difficulties (IMPULSE), lack of emotional awareness (AWARE), limited access to emotion 

regulation strategies (STRATEGIES), lack of emotional clarity (CLARITY). It yields a subscore 

for each subscale, as well as a total score (SUM) out of 180. As the focus of the test is on 

difficulties, higher scores equal poorer emotion regulation. To our knowledge, the DERS has 

never been adopted with HD; however, it has been used with several other clinical 

populations, including participants with both psychological (Fowler et al., 2014) and physical 

conditions (Kökönyei, Urbán, Reinhardt, Józan, & Demetrovics, 2014). The DERS has 

previously shown good construct validity (Kökönyei et al., 2014), even when adopted across 

different cultural and ethnical groups (Ritschel et al., 2015). It also showed very good internal 

consistency, with a Cronbach’s α of .93 for the total score (SUM), and figures ranging 

between .80 and .89 for the subscales (Gratz and Roemer, 2004). The Italian validation by 

Sighinolfi and colleagues (2010) was adopted for the Italian version of the survey, which has 

showed psychometric properties comparable to the English version.  

2.3.3 Mood and anxiety issues measures 

2.3.3.1 Hospital Anxiety and Depression Scale 

The Hospital Anxiety and Depression Scale (HADS; Zigmond & Snaith, 1983) is a 

validated self-report questionnaire consisting of 14 items rating anxiety and depression 

symptoms on a 3-point scale. No unified score is provided at the end of the test. Instead, 

individual scores on a scale out of 21 are provided for anxiety and depression. The HADS 

represents one of the most adopted measures in clinical populations and it has been 

specifically validated with people affected by HD (De Souza et al., 2010). A review of its 

psychometric properties (Bjelland et al., 2002) reported good construct validity when 

compared to other common clinical measures, as well as good internal consistency (mean 

Cronbach’s α = .83 for anxiety, .82 for depression). The same study identified a recommended 
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cut-off point of 8/21 to yield both good sensitivity (anxiety = .90; depression = .83) and 

specificity (anxiety = .78; depression = .79). The HADS was incorporated in this study to 

control for the potential confounding effect of depression and anxiety levels on the ability to 

regulate and recognise emotions. For the Italian version of the survey, the validation by 

Costantini and colleagues was adopted (1999), which showed comparable high construct 

validity and internal consistency (Cronbach’s α = .89 and .88 for anxiety and depression 

respectively).   

2.4 Statistical analysis 

Data were analysed with IBM SPSS Statistics® programme v23 (Armonk, NY: IBM Corp). 

Independent-sample t-tests and one-way ANOVAs were performed to compare means across 

the participants groups. Considering the number of repeated comparisons, in order to control 

for family-wise error-rate (FWER), the Bonferroni correction was applied and the significance 

level was adjusted from .05 to .005. The relationship between the participants’ demographic 

and clinical characteristics and the outcome variables (i.e., emotion regulation, emotion 

recognition, depression and anxiety) was investigated through Pearson’s correlations (two-

tailed).  

2.5 Ethics approval 

This study was reviewed and approved by the Faculty of Health and Medicine Research 

Ethics Committee at Lancaster University (ref: FHM REC16015).  

3 Results  

The mean scores of the participants of the Pre-HD and Ctrl groups on the outcome 

variables are shown in Table 2. Based on the recommended cut-off values of skewness and 

kurtosis (West et al., 1995), the scores were normally distributed. Of the participants in the 

Pre-HD group, 48.7% and 23.1% showed clinical levels of anxiety and depression respectively, 

by scoring above the recommended clinical cut-off for the HADS (i.e., 8/21; Bjelland et al., 

2002). The participants of the Ctrl group showed similar figures, with 46.5% and 23.5% above 

the cut-off point. In terms of levels of emotion regulation difficulties, the Ctrl group showed 

total scores (SUM) comparable to the reported data with general adult populations (e.g., 

77/180; Ritschel et al., 2015), while the Pre-HD group scored marginally higher, meaning that 

more emotion regulation difficulties were reported. The mean emotion recognition 
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performance of both groups was very similar and slightly below the reported normative data 

for general adult populations (e.g., 26/36; Baron-Cohen et al., 2001). In terms of measure 

reliability, high levels were shown by the HADS (Cronbach’s α = .84/.78 for 

anxiety/depression) and the DERS (Cronbach’s α = .94 for the SUM score, .83 to .89 for the 

subscales). The RME showed a level of reliability (Cronbach’s α = .55) comparable to 

previously accepted figures in the literature (Voracek and Dressler, 2006). 

The group comparison showed that the Pre-HD and Ctrl groups did not differ 

significantly in terms of total score of emotion regulation difficulties (DERS SUM; [F(1, 332) = 

1.939, p = ns]), emotion recognition (RME; [F(1, 332) = 1.291, p = ns]), as well as anxiety 

(HADS-A; [F(1, 332) = 1.472, p = ns]) and depression (HADS-D; [F(1, 332) = .393, p = ns]). 

When comparing the subscales of the DERS, significant differences were observed only on the 

AWARE score [F(1, 332) = 9.359, p = .002].  Effect size analysis indicated no relevant effects of 

any of the other variables, except for a small effect of the IMPULSE score (d = .220). The full 

details of the comparison results are shown in Table 2.  

In addition, no significant correlation was found between the total level of emotion 

regulation difficulties (DERS-SUM) and emotion recognition performance (RME) in either the 

presymptomatic participants (r = -.030, N = 117, p = ns) or the controls (r = -.050, N = 217, p = 

ns). Table 3 shows the full details of Pearson’s correlation coefficients for the Pre-HD 

participants’ scores across all the variables. 

Table 2 

Participants’ scores across the outcome variables.  

 Pre-HD Ctrl Between-group comparison Reliability 

Mean (SD) Mean (SD) F p d α  

HADS 
HADS-A 7.85 (4.78) 7.24 (4.16) 1.472 ns .136 .84 

HADS-D 4.77 (3.911) 5.04 (3.61) .393 ns -.071 .78 

        

DERS 

SUM 80.91 (27.59) 76.97 (22.93) 1.939 ns .155 .94 

NONACCEPT 12.98 (5.59) 13.26 (5.83) .174 ns -.049 .87 

GOALS 13.12 (5.30) 12.95 (5.05) .079  ns .032 .87 

IMPULSE 11.93 (5.33) 10.86 (4.35) .946 ns .220 .85 

AWARE 15.77 (5.91) 13.83 (5.31) 9.359 .002 .345 .83 

STRATEGIES 16.90 (7.54) 16.42 (6.79) .348 ns .066 .89 

CLARITY 10.21 (4.28) 9.65 (4.14) .1335 ns .132 .84 

        



   
 

 11 

Note. Clinical cut-off for the HADS: 8/21. Significance level = .005; α = Cronbach’s alpha; AWARE = lack of 
emotional awareness; CLARITY = lack of emotional clarity; Ctrl = control group; DERS = Difficulties in Emotion 
Regulation Scale; F = ANOVA F value; GOALS = difficulties engaging in goal directed behaviour; HADS-A = HADS 
anxiety score; HADS-D = HADS depression score; IMPULSE = impulse control difficulties; NONACCEPT = non-
acceptance of emotional responses; Pre-HD = presymptomatic group; RME = Reading the Mind in the Eyes test; 
SD = standard deviation; Sig. = significance; Size = effect size; SUM = DERS total score.  

RME Total Score 24.07 (3.863) 24.58 (3.97) 1.291 ns -.130 .55 
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Table 3 

Correlation coefficients for pre-HD participants’ scores.  

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1. Gender               

2. Age -.157              

3. Education -.080 -.001             

4. Test -.036 .286** .057            

5. HADS-A .157 -.098 .030 -.130           

6. HADS-D -.002 -.006 -.093 -.146 .669**          

7. DERS SUM .104 -.065 .055 -.133 .758** .760**         

8. DERS NONACCEPT .141 -.006 .067 -.070 .572** .501** .796**        

9. DERS GOALS .147 -.040 .117 -.094 .667** .628** .826** .570**       

10. DERS IMPULSE .110 .019 .072 -.131 .618** .580** .803** .561** .619**      

11. DERS AWARE -.055 -.072 -.085 -.148 .400** .513** .662** .423** .384** .391**     

12. DERS STRATEGIES .115 -.074 .093 -.057 .764** .745** .925** .709** .786** .762** .434**    

13. DERS CLARITY .040 -.153 -.016 -.181 .643** .727** .841** .587** .655** .547** .606** .751**   

14. RME .153 -.026 .194* .012 -.058 -.184* -.030 .061 .058 -.058 -.155 -.018 -.030  

Note. * = p<.05; ** = p<.01; AWARE = lack of emotional awareness; CLARITY = lack of emotional clarity; DERS = 
Difficulties in Emotion Regulation Scale; GOALS = difficulties engaging in goal directed behaviour; HADS-A = 
HADS anxiety score; HADS-D = HADS depression score; IMPULSE = impulse control difficulties; NONACCEPT = 
non-acceptance of emotional responses; RME = Reading the Mind in the Eyes test; SUM = DERS total score; Test = 
time since predictive test.  

 

 

Table 4 

Standardised coefficients for the multiple regression models of the AWARE subscore. 

Note. AWARE = lack of emotional awareness; β = standardised coefficient; Ctrl = control group; HADS-A = HADS 
anxiety score; HADS-D = HADS depression score; p = significance; Pre-HD = presymptomatic group. 

Despite not being initially hypothesised but in order to explore this result further, multiple 

regressions were conducted to assess the contribution of anxiety and depression to the 

AWARE subscale, as it was the only one to show a significant difference across the groups. The 

 Pre-HD Ctrl  

 β p β p  

HADS-A .128 ns .129 ns  

HADS-D .669 .000 .221 ns  
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standardised regression coefficients are summarised in Table 4. Using the enter method, it 

was found that the model (which consisted of two variables) explained a significant amount of 

the variance of the AWARE score in both the Pre-HD (F(2, 114) = 20.947, p < .001, R2 = .269, 

R2Adjusted = .256) and Ctrl group (F(2, 214) = 5.623, p = .004, R2 = .050, R2Adjusted = .041). The 

analysis in the Pre-HD group showed that the AWARE score was not significantly predicted by 

anxiety (β = .128, p = ns), but it was significantly predicted by depression (β = .669, p < .001). 

On the other hand, in the Ctrl group neither anxiety (β = .129, p = ns) nor depression (β = .221, 

p = .ns) significantly predicted the AWARE score.  

4 Discussion 

To our knowledge, the present study has been the first to investigate emotion 

regulation abilities in a population of participants with presymptomatic Huntington’s disease 

(HD) by comparing these with those of matched healthy controls. In addition, it has also been 

the first to explore the relationship between emotion regulation and emotion recognition, as 

well the potential interaction with depression and anxiety, in this type of population. The 

results showed no significant differences between the two groups in terms of general 

difficulties in regulating emotions and performance on an emotion recognition task. Moreover, 

no significant correlation was found between emotion regulation and emotion recognition 

scores in both groups. As a consequence, none of our initial hypotheses was confirmed by the 

results, suggesting that the ability both to regulate and recognise emotions does not 

deteriorate early in non-symptomatic carriers of the gene Huntington’s disease, and these two 

abilities are not significantly correlated. The result on emotion recognition appears to be 

inconsistent with what found by the TRACK-HD study, which reported significant 

impairments for the recognition of disgust, fear, and surprise (Labuschagne et al., 2013).  Also, 

in this current study, there was  no correlation with emotion regulation – which contradicts 

previous findings in other clinical populations (Harrison et al., 2010; Harrison et al., 2009; 

Racine and Wildes, 2013). However, part of these inconsistences may be explained by a 

number of methodological differences and, in particular, the type of measures adopted in this 

and the other studies. In particular, the measure adopted by the TRACK-HD study (the Ekman 

and Friesen face stimulus set; Ekman and Friesen, 1976) featured a subscore for each of the 

seven investigated emotions, while the RME only features an overall total score. Thus, the lack 

of impairment in emotion recognition found in this study may be at least partially due to the 

lack of specific subscores for selectively impaired emotions. Also, the measure of emotion 

regulation we adopted (DERS) focused specifically on difficulties rather than other 
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components (e.g., the use regulatory strategies). Therefore, the lack of correlation in HD may 

be at least partially due to the specific adoption of the DERS, and its interaction with the RME.  

In addition, the adoption of the RME offers the opportunity to formulate an alternative 

interpretation of the findings on emotion recognition. Indeed, the RME has been initially 

constructed as a task of affective theory, and in particular a test of theory of mind (ToM, i.e. 

the ability to predict other people’s intentions, reactions, beliefs, and mental states; (Green et 

al., 2008; Mathersul et al., 2013; Mitchell and Phillips, 2015) through the recognition of 

complex emotions (Baron-Cohen et al., 2001). However, it is also often considered and 

adopted as an emotion recognition measure (Adolphs et al., 2002; Guastella et al., 2010; 

Harrison et al., 2010; Harrison et al., 2009; Quintana et al., 2012; Vellante et al., 2013), and, as 

pointed out by a recent review (Mitchell and Phillips, 2015), the RME represents  “a likely 

point of interface between the two concepts” (p. 4). Thus, the dual nature of the measure 

allows for the opportunity to conceptualise in more detail the non-impaired results on the 

RME and the lack of correlation with the DERS from the ToM perspective as well. In particular, 

the recent meta-analysis by Bora and colleagues on social cognitive deficits in HD (2016) has 

highlighted that presymptomatic individuals in general show no significant impairment of 

ToM when compared to healthy controls. This was in contrast to the significant ToM 

impairment which was generally observed in fully symptomatic individuals. Thus, within this 

perspective, the results on the RME of the present study are coherent with current research 

on impairments of ToM in people with presymptomatic HD. With specific regard to a possible 

correlation between ToM and emotion regulation, the already noted lack of investigations of 

the construct in people with HD (Löffler et al., 2015) does not allow comparisons with any 

previous results. However, when investigated in other clinical conditions, such as borderline 

personality disorder (BPD), no significant correlation was found between emotion regulation 

and ToM in either adolescents (Sharp et al., 2011) or adults (Ghiasi et al., 2016). Therefore, 

the lack of correlation between the results on the RME and DERS in the present study may 

also be interpreted as a lack of correlation between ToM and emotion regulation consistent 

with previous findings.  

When analysing more specific components of emotion regulation, a significant 

difference was found between the two groups on one subscale, with the presymptomatic 

participants reporting significantly greater lack of emotional awareness (DERS-AWARE), i.e. 

difficulties in the ability to attend to and acknowledge emotions. A possible explanation of this 

could lie in the development of some of HD’s early cognitive symptoms. Indeed, general 
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difficulties of awareness and emotional processing have been linked to poorer functioning of 

prefrontal brain regions such as the anterior insular (AIC) and anterior cingulate (ACC) 

cortices (Craig, 2009; Lane et al., 1998; Phillips, Drevets, Rauch, & Lane, 2003), which are 

known to be affected by HD (Dogan et al., 2014; Gray et al., 2013) and are often responsible 

for a wide range of emotional difficulties in both symptomatic (Craufurd et al., 2001; Ho et al., 

2006; Hoth et al., 2007; Mörkl et al., 2016) and presymptomatic patients (Klöppel et al., 2010). 

Therefore, the difference observed for the presymptomatic participants on the AWARENESS 

subscale of the DERS may represent an expression of the many subtle biological and cognitive 

changes that presymptomatic individuals can experience before a formal diagnosis of HD is 

made (e.g., Tabrizi et al., 2011).  

In particular, it could be interpreted in light of the early development of the well-

established impairments in emotion recognition in people with symptomatic HD. This 

appears to be supported by multiple evidence of a significant predictive role played by 

alexithymia (a condition characterised by pervasive deficits of emotional awareness; Lane et 

al., 2000) in emotion recognition impairments both when it manifests alone (Lane et al., 2000, 

1996), as well as when it is part of other clinical conditions, such as autism (Cook et al., 2013) 

and eating disorders (Brewer et al., 2015). Moreover, alexithymia measures often show high 

correlation levels with many of the DERS subscales, including the AWARE one (Ghorbani et al., 

2017; Stasiewicz et al., 2012). In contrast, current evidence on alexithymia in HD is extremely 

limited, as a recent systematic review identified only one study that reported no significant 

impairment in symptomatic individuals (Ricciardi et al., 2015). Therefore, the significantly 

greater level of difficulties observed with the presymptomatic participants might represent a 

precursory gateway to the development of the emotion recognition impairment found in fully 

symptomatic individuals, which in turn is likely to affect the other components of emotion 

regulation. This hypothesis requires further exploration, as it is currently uncertain whether 

emotional awareness difficulties may lead to a fully alexithymic condition in people with 

symptomatic HD. In addition, in this study the particular structure and sensitivity of the RME 

might have prevented the observation of any significant correlations between the specific 

AWARE subscale and emotion recognition performance (see Limitations section).  

Moreover, a considerable contribution to poorer emotional awareness may come from 

social and environmental factors, and more specifically from the type of family context, as 

many gene carriers often grow up in contact with a parent affected by symptomatic HD. 

Indeed, current evidence suggests that the family environment and the emotional climate in 
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which a child is raised are deeply related to the successful development of emotional 

processing skills, and especially emotion regulation (for a review, see Morris et al., 2007). In 

particular, parents’ emotional responses to their children’s emotions have been linked with 

emotional awareness (Eisenberg et al., 1998; Schultz et al., 2001; Sim et al., 2009). Thus, the 

fact of living in a family context characterised by challenging emotional responses due to close 

contact with a symptomatic parent may have hampered the successful learning of the ability 

to acknowledge emotions in the presymptomatic participants of this study, ultimately 

contributing to the development of a deficit of emotional awareness in particular. This 

hypothesis needs further exploration with individuals for whom more details regarding 

personal and clinical history are available – in particular with the aim of discerning whether 

this influence contributes to predispose the development of emotional impairments that 

emerge after onset (as suggested in this study), or whether it constitutes a potential 

independent process that may trigger deficits separately at the presymptomatic stage.  

Further insight was also provided by the results of the regression models, which 

showed that depression explained a considerable portion of variance on the AWARE subscale 

in the Pre-HD group only. This differential effect of depression on presymptomatic 

participants could again represent an expression of the early cognitive manifestations of the 

disease. In particular, this may limit patients’ coping abilities and overall resilience in the face 

of depression, even when they have not yet reached clinical levels, in a way that is common to 

many neurodegenerative conditions (for a review, see Baquero, 2015). The predictive role of 

depression is also corroborated by findings from studies with clinically depressed individuals; 

these often show problems with many components of emotion regulation (Ehring et al., 2008; 

Loas et al., 1997), and in particular emotional awareness (Boden and Thompson, 2015).  
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Figure 1: hypothesised interaction among the discussed constructs. Arrowed lines identify direct influence.  
Upper case identifies main constructs, lower case subcomponents. Dotted lines identify inclusion within the 
same construct.  

Thus, due to the concurrent development of psychological difficulties within the context of 

suboptimal psychological resilience due to HD’s early cognitive symptoms, depression might 

show a disproportionate effect on presymptomatic people even at subclinical levels. This may 

contribute to a greater lack of emotional awareness, and eventually lead to the development 

of emotion recognition impairments which, as previously mentioned, may in turn affect the 

other components of emotion regulation, thus establishing a symptomatic vicious circle. 

Figure 1 shows a schematisation of the hypothesised interaction.  

However, despite the evidence reported above, it is worth noting that a possible 

alternative conceptualisation of emotional awareness (and in particular how it is 

operationalised in the DERS) might identify the construct as more akin to the cognitive side of 

emotional processing, thus being more closely related to emotion recognition rather than 

emotion regulation. Indeed, it is important to consider such view in relation to the potential 

effect on other measures. More specifically, it could be plausible that the inability to 

cognitively recognise one’s own emotional states may have an impact on the results yielded 

by self-reported measures such as the DERS and the HADS (e.g., not indicating a difficulty 

regulating emotions due to failing to recognise emotionally challenging states). While this 

conceptualisation does not appear to be incompatible with the precursory role hypothesised 

in this study, more investigations are required to shed light on the cognitive and affective 

nature of emotional awareness.  

5 Limitations and future directions 

Despite allowing for a large sample, the online nature of this study carries the intrinsic 

limitation of a lack of direct contact between the researcher and the participants. This 

includes the inability to obtain some important clinical details about the participants, such as 

pharmacological therapies and regimes, as well as the number of CAG repeats, which would 

allow for the calculation of disease burden scores and thus offer a better understanding of 

proximity to onset. Moreover, some of the demographic characteristics of the presymptomatic 

group should be taken into consideration when interpreting the results from the present 

study. In particular, despite the mean age of the participants (37.38 years) being 

approximately five years younger than the mean age of onset of HD (Folstein, 1989), the total 

age range was very wide (19-70). This translated into the inclusion of young participants who 



   
 

 18 

may have been very far from onset, as well as participants who, due to advanced age and 

despite self-identifying as presymptomatic, may in fact represent people with reduced 

penetrance who may never develop the disease.  However, it should be also noted that the 

range in our study was similar to other large sample investigations (e.g., 18-65 in TRACK-HD; 

Labuschagne et al., 2013), and only two participants reported to be older than 60, thus 

accounting for the 1.7% of the total presymptomatic sample.     

In addition, the responses to all questions were made mandatory to proceed 

throughout the survey. While this eliminated the need to control for missing data, it might 

have also limited the sample size due to participants dropping out before completing their 

participation. To control for this issue, the number of measures was limited to keep the 

overall time of the survey below 30 minutes. From this perspective, the RME was chosen in 

this study as its brevity fit particularly well with an online design, and due to the availability 

of both an English and Italian version. However, as noted above, despite being widely 

regarded and utilised as an emotion recognition test (Adolphs et al., 2002; Guastella et al., 

2010; Harrison et al., 2010; Harrison et al., 2009; Quintana et al., 2012; Vellante et al., 2013), 

the measure was originally created as a test of theory of mind (ToM) to assess the recognition 

of mental states through eyes expressing complex emotions (Baron-Cohen et al., 1997) – and 

may thus be conceived as a task investigating both constructs (Mitchell and Phillips, 2015). As 

a consequence, on one hand it may be possible that the RME was not sensitive enough to 

detect subtle differences in emotion recognition in the specific population of this study, nor 

may it be able to show potential correlations with emotional awareness. On the other hand, 

however, if interpreted as a measure of ToM, the RME may have correctly identified a lack of 

correlation with emotion regulation that would be consistent with reports from other clinical 

populations. Finally, high levels of anxiety were reported by many participants in both the 

Pre-HD and Ctrl groups (48.7% and 46.5% respectively). While clinical anxiety has been 

found to be part of the range of psychological difficulties experienced by presymptomatic 

individuals (e.g., results from PREDICT-HD; Duff et al., 2007), the levels reported by the 

control group were generally higher compared to the data available from studies using the 

HADS with other general populations, although with a certain variability (e.g., 21%, Hinz and 

Brähler, 2011: 33%, Crawford et al., 2001). Thus, it should be noted that the control group in 

this study may not be a perfect representation of the general population in terms of anxiety 

levels. 
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Future research should aim at adopting more diversified measures of emotion 

regulation and recognition in face to face studies. In particular, the adoption of emotion 

recognition tasks that are clearly distinct from ToM and characterised by more 

comprehensive stimuli based on both faces and body language – such as the recent Bochum 

Emotional Stimulus Set (BESST; Thoma, Soria Bauser, & Suchan, 2013) – may yield different 

results in terms of comparison of recognition performance and correlation between emotion 

recognition and emotional regulation. Moreover, more in-depth measures for emotional 

awareness and alexithymia should be used to investigate further the precursory role of 

emotional awareness difficulties hypothesised in this study, as well as the potential 

alternative conceptualisations of the construct. Further exploration is also warranted on 

emotion regulation in people affected by HD with the adoption of measures focused on both 

difficulties and regulatory strategies. Finally, more comprehensive information should be 

collected on the family context of the participants, and in particular in relation to challenging 

emotional responses, in order to investigate this potential effect on emotion recognition and 

awareness in presymptomatic and symptomatic individuals.  

All these suggestions could generally benefit from the inclusion in large-scale 

longitudinal clinical trials, which would allow an increase in our understanding of emotional 

processing in Huntington’s disease over its full clinical course.   

6 Conclusion  

This online study offered some preliminary insight into emotion regulation in people 

with presymptomatic Huntington’s, as well as further insight into emotion recognition. The 

findings suggest that presymptomatic individuals show a wide range of normal abilities, as 

emotion regulation and emotion recognition were not significantly impaired when compared 

to healthy controls, nor did they share significant relationships with one another. However, 

one specific emotion regulation component, emotional awareness, was significantly impaired. 

This could be due to HD’s early cognitive manifestations, and a catalytic role may be played by 

their co-occurrence with psychological difficulties such as depression, even at a subclinical 

level. Moreover, the greater level of difficulties in emotional awareness shown by 

presymptomatic people may represent a precursor of the development of the emotion 

recognition impairments that are often observed in fully symptomatic individuals and that 

may in turn have a detrimental effect on the other components of emotion regulation.  
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These findings can have important implications for clinical practice; better 

management of depression could lead to increased levels of emotional awareness, better 

emotion recognition performance, and eventually better emotion regulation, as well as 

everyday communication and quality of life. In addition, the possible precursor role of 

emotional awareness shows the potential to consider the current diagnostic criteria by 

shedding new light on early cognitive difficulties in HD, as well as inform new therapeutic 

protocols and interventions tailored around the emotional and communicative needs of the 

people affected by this condition. 

Acknowledgements  

The authors would like to express their heartfelt thanks to all the participants who 

took part in the study. In addition, they would like to thank all the local and international 

Huntington’s disease associations that facilitated the dissemination of this survey, such as the 

Huntington’s Disease Association (HDA), the Scottish Huntington’s Society (SHA), the 

European Huntington’s Disease Network (EHDN), the Huntington’s Disease Youth 

Organization (HDYO), the Huntington’s Study Group (HSG), and the Huntington’s Disease 

Association of Ireland (HDAI).  

References 

Adolphs, R., Baron-Cohen, S., Tranel, D., 2002. Impaired Recognition of Social Emotions 
following Amygdala Damage. J. Cogn. Neurosci. 
https://doi.org/10.1162/089892902760807258 

Alaerts, K., Nackaerts, E., Meyns, P., Swinnen, S.P., Wenderoth, N., 2011. Action and emotion 
recognition from point light displays: An investigation of gender differences. PLoS One 6. 
https://doi.org/10.1371/journal.pone.0020989 

Allain, P., Havet-Thomassin, V., Verny, C., Gohier, B., Lancelot, C., Besnard, J., Fasotti, L., Le Gall, 
D., 2011. Evidence for deficits on different components of theory of mind in Huntington’s 
disease. Neuropsychology 25, 741–51. https://doi.org/10.1037/a0024408 

Baquero, M., 2015. Depressive symptoms in neurodegenerative diseases. World J. Clin. Cases 3, 
682. https://doi.org/10.12998/wjcc.v3.i8.682 

Baron-Cohen, S., Jolliffe, T., Mortimore, C., Robertson, M., 1997. Another advanced test of 
theory of mind: evidence from very high functioning adults with autism or asperger 
syndrome. J. Child Psychol. Psychiatry. 38, 813–22. 

Baron-Cohen, S., Wheelwright, S., Hill, J., Raste, Y., Plumb, I., 2001. The “Reading the Mind in 
the Eyes” Test revised version: a study with normal adults, and adults with Asperger 
syndrome or high-functioning autism. J. Child Psychol. Psychiatry. 42, 241–51. 

Bates, G., Tabrizi, S., Jones, L., 2014. Huntington’s Disease. Oxford University Press, New York. 



   
 

 21 

Bjelland, I., Dahl, A.A., Haug, T.T., Neckelmann, D., 2002. The validity of the Hospital Anxiety 
and Depression Scale: An updated literature review. J. Psychosom. Res. 52, 69–77. 
https://doi.org/10.1016/S0022-3999(01)00296-3 

Boden, M.T., Thompson, R.J., 2015. Facets of emotional awareness and associations with 
emotion regulation and depression. Emotion 15, 399–410. 
https://doi.org/10.1037/emo0000057 

Bora, E., Velakoulis, D., Walterfang, M., 2015. Social cognition in Huntington’s disease: A meta-
analysis. Behav. Brain Res. 297, 131–140. https://doi.org/10.1016/j.bbr.2015.10.001 

Brewer, R., Cook, R., Cardi, V., Treasure, J., Bird, G., 2015. Emotion recognition deficits in eating 
disorders are explained by co-occurring alexithymia. R. Soc. Open Sci. 2, 140382–140382. 
https://doi.org/10.1098/rsos.140382 

Cecchetto, C., Aiello, M., D’Amico, D., Cutuli, D., Cargnelutti, D., Eleopra, R., Rumiati, R.I., 2014. 
Facial and Bodily Emotion Recognition in Multiple Sclerosis: The Role of Alexithymia and 
Other Characteristics of the Disease. J. Int. Neuropsychol. Soc. 20, 1004–1014. 
https://doi.org/10.1017/S1355617714000939 

Cook, R., Brewer, R., Shah, P., Bird, G., 2013. Alexithymia, Not Autism, Predicts Poor 
Recognition of Emotional Facial Expressions. Psychol. Sci. 24, 723–732. 
https://doi.org/10.1177/0956797612463582 

Costantini, M., Musso, M., Viterbori, P., Bonci, F., Del Mastro, L., Garrone, O., Venturini, M., 
Morasso, G., 1999. Detecting psychological distress in cancer patients: validity of the 
Italian version of the Hospital Anxiety and Depression Scale. Support. Care Cancer 7, 
121–7. https://doi.org/10.1007/s005209900026 

Craig, A.D., 2009. How do you feel — now? The anterior insula and human awareness. Nat. 
Rev. Neurosci. 10, 59–70. https://doi.org/10.1038/nrn2555 

Craufurd, D., Thompson, J.C., Snowden, J.S., 2001. Behavioral changes in Huntington Disease. 
Neuropsychiatry Neuropsychol Behav Neurol 14, 219–226. https://doi.org/. 

Crawford, J.R., Henry, J.D., Crombie, C., Taylor, E.P., 2001. Normative data for the HADS form a 
large non-clinical sample. Br. J. Clin. Psychol. 40, 429–434. 

Croft, R.J., McKernan, F., Gray, M., Churchyard,  a, Georgiou-Karistianis, N., 2014. Emotion 
perception and electrophysiological correlates in Huntington’s disease. Clin. 
Neurophysiol. 125, 1618–1625. https://doi.org/10.1016/j.clinph.2013.12.111 

De Souza, J., Jones, L.A., Rickards, H., 2010. Validation of self-report depression rating scales in 
Huntington’s disease. Mov. Disord. 25, 91–6. https://doi.org/10.1002/mds.22837 

Dogan, I., Saß, C., Mirzazade, S., Kleiman, A., Werner, C.J., Pohl, A., Schiefer, J., Binkofski, F., 
Schulz, J.B., Shah, N.J., Reetz, K., Sass, C., Mirzazade, S., Kleiman, A., Werner, C.J., Pohl, A., 
Schiefer, J., Binkofski, F., Schulz, J.B., Shah, N.J., Reetz, K., 2014. Neural correlates of 
impaired emotion processing in manifest Huntington’s disease. Soc. Cogn. Affect. 
Neurosci. 9, 671–680. https://doi.org/10.1093/scan/nst029 

Domes, G., Schulze, L., Herpertz, S.C., 2009. Emotion recognition in borderline personality 
disorder-a review of the literature. J. Pers. Disord. 23, 6–19. 
https://doi.org/10.1521/pedi.2009.23.1.6 



   
 

 22 

Duff, K., Paulsen, J.S., Beglinger, L.J., Langbehn, D.R., Stout, J.C., 2007. Psychiatric Symptoms in 
Huntington’s Disease before Diagnosis: The Predict-HD Study. Biol. Psychiatry 62, 1341–
1346. https://doi.org/10.1016/j.biopsych.2006.11.034 

Dumas, E.M., van den Bogaard, S.J.A., Middelkoop, H.A.M., Roos, R.A.C., 2013. A review of 
cognition in Huntington’s disease. Front. Biosci. (Schol. Ed). 5, 1–18. 

Eftekhari, A., Zoellner, L.A., Vigil, S.A., 2009. Patterns of emotion regulation and 
psychopathology. Anxiety, Stress Coping 22, 571–586. 
https://doi.org/10.1080/10615800802179860 

Ehring, T., Fischer, S., Schnülle, J., Bösterling, A., Tuschen-Caffier, B., 2008. Characteristics of 
emotion regulation in recovered depressed versus never depressed individuals. Pers. 
Individ. Dif. 44, 1574–1584. https://doi.org/10.1016/j.paid.2008.01.013 

Eisenberg, N., Cumberland, A., Spinrad, T.L., 1998. Parental Socialization of Emotion. Psychol. 
Inq. https://doi.org/10.1207/s15327965pli0904_1 

Ekman, P., Friesen, W.V., 1976. Pictures of Facial Affect. Consulting Psychologists Press, Palo 
Alto. 

Evans, S.J.W., Douglas, I., Rawlins, M.D., Wexler, N.S., Tabrizi, S.J., Smeeth, L., 2013. Prevalence 
of adult Huntington’s disease in the UK based on diagnoses recorded in general practice 
records. J. Neurol. Neurosurg. Psychiatry 84, 1156–60. https://doi.org/10.1136/jnnp-
2012-304636 

Folstein, S., 1989. Huntington’s disease: a disorder of families. The Johns Hopkins University 
Press, Maryland. 

Fowler, J.C., Charak, R., Elhai, J.D., Allen, J.G., Frueh, B.C., Oldham, J.M., 2014. Construct validity 
and factor structure of the difficulties in Emotion Regulation Scale among adults with 
severe mental illness. J. Psychiatr. Res. 58, 175–80. 
https://doi.org/10.1016/j.jpsychires.2014.07.029 

Ghiasi, H., Mohammadi, A., Zarrinfar, P., 2016. An investigation into the roles of theory of mind, 
emotion regulation, and attachment styles in predicting the traits of borderline 
personality disorder. Iran. J. Psychiatry. 

Ghorbani, F., Khosravani, V., Sharifi Bastan, F., Jamaati Ardakani, R., 2017. The alexithymia, 
emotion regulation, emotion regulation difficulties, positive and negative affects, and 
suicidal risk in alcohol-dependent outpatients. Psychiatry Res. 252, 223–230. 
https://doi.org/10.1016/j.psychres.2017.03.005 

Gratz, K.L., Roemer, L., 2004. Multidimensional Assessment of Emotion Regulation and 
Dysregulation: Development, Factor Structure, and Initial Validation of the Difficulties in 
Emotion Regulation Scale. J. Psychopathol. Behav. Assess. 26, 41–54. 
https://doi.org/10.1023/B:JOBA.0000007455.08539.94 

Gray, H.M., Tickle-Degnen, L., 2010. A meta-analysis of performance on emotion recognition 
tasks in Parkinson’s disease. Neuropsychology 24, 176–191. 
https://doi.org/10.1037/a0018104 

Gray, M.A., Egan, G.F., Ando, A., Churchyard, A., Chua, P., Stout, J.C., Georgiou-Karistianis, N., 
2013. Prefrontal activity in Huntington’s disease reflects cognitive and neuropsychiatric 



   
 

 23 

disturbances: The IMAGE-HD study. Exp. Neurol. 239, 218–228. 
https://doi.org/10.1016/j.expneurol.2012.10.020 

Green, M.F., Penn, D.L., Bentall, R., Carpenter, W.T., Gaebel, W., Gur, R.C., Kring, A.M., Park, S., 
Silverstein, S.M., Heinssen, R., 2008. Social cognition in schizophrenia: An NIMH 
workshop on definitions, assessment, and research opportunities. Schizophr. Bull. 
https://doi.org/10.1093/schbul/sbm145 

Gross, J., 2013. Handbook of Emotion Regulation, Second Edition. Guilford Publications. 

Gross, J.J., 1998. The emerging field of emotion regulation: an integrative review. Rev. Gen. 
Psychol. 2, 271–299. https://doi.org/10.1017.S0048577201393198 

Gross, J.J., Muñoz, R.F., 1995. Emotion Regulation and Mental Health. Clin. Psychol. Sci. Pract. 2, 
151–164. https://doi.org/10.1111/j.1468-2850.1995.tb00036.x 

Guastella, A.J., Einfeld, S.L., Gray, K.M., Rinehart, N.J., Tonge, B.J., Lambert, T.J., Hickie, I.B., 2010. 
Intranasal Oxytocin Improves Emotion Recognition for Youth with Autism Spectrum 
Disorders. Biol. Psychiatry 67, 692–694. 
https://doi.org/10.1016/j.biopsych.2009.09.020 

Harrison, A., Sullivan, S., Tchanturia, K., Treasure, J., 2010. Emotional functioning in eating 
disorders: attentional bias, emotion recognition and emotion regulation. Psychol. Med. 40, 
1887–1897. https://doi.org/10.1017/S0033291710000036 

Harrison, A., Sullivan, S., Tchanturia, K., Treasure, J., 2009. Emotion recognition and regulation 
in anorexia nervosa. Clin. Psychol. Psychother. 16, 348–356. 
https://doi.org/10.1002/cpp.628 

Harrison, A., Tchanturia, K., Treasure, J., 2010. Attentional bias, emotion recognition, and 
emotion regulation in anorexia: State or trait? Biol. Psychiatry 68, 755–761. 
https://doi.org/10.1016/j.biopsych.2010.04.037 

Henley, S.M.D., Novak, M.J.U., Frost, C., King, J., Tabrizi, S.J., Warren, J.D., 2012. Emotion 
recognition in Huntington’s disease: a systematic review. Neurosci. Biobehav. Rev. 36, 
237–53. https://doi.org/10.1016/j.neubiorev.2011.06.002 

Hinz, A., Brähler, E., 2011. Normative values for the hospital anxiety and depression scale 
(hads) in the general german population. J. Psychosom. Res. 71, 74–78. 
https://doi.org/10.1016/j.jpsychores.2011.01.005 

Ho, A.K., Robbins, A.O.G., Barker, R. a, 2006. Huntington’s disease patients have selective 
problems with insight. Mov. Disord. 21, 385–9. https://doi.org/10.1002/mds.20739 

Hoth, K.F., Paulsen, J.S., Moser, D.J., Tranel, D., Clark, L.A., Bechara, A., 2007. Patients with 
Huntington’s disease have impaired awareness of cognitive, emotional, and functional 
abilities. J. Clin. Exp. Neuropsychol. 29, 365–376. 
https://doi.org/10.1080/13803390600718958 

Izard, C., Fine, S., Schultz, D., Mostow, A., Ackerman, B., Youngstrom, E., 2001. Emotion 
Knowledge as a Predictor of Social Behavior and Academic Competence in Children at 
Risk. Psychol. Sci. 12, 18–23. https://doi.org/10.1111/1467-9280.00304 

Johnson, S.A., Stout, J.C., Solomon, A.C., Langbehn, D.R., Aylward, E.H., Cruce, C.B., Ross, C.A., 



   
 

 24 

Nance, M., Kayson, E., Julian-Baros, E., Hayden, M.R., Kieburtz, K., Guttman, M., Oakes, D., 
Shoulson, I., Beglinger, L., Duff, K., Penziner, E., Paulsen, J.S., 2007. Beyond disgust: 
impaired recognition of negative emotions prior to diagnosis in Huntington’s disease. 
Brain 130, 1732–1744. https://doi.org/10.1093/brain/awm107 

Kettle, J.W.L., O’Brien-Simpson, L., Allen, N.B., 2008. Impaired theory of mind in first-episode 
schizophrenia: comparison with community, university and depressed controls. 
Schizophr. Res. 99, 96–102. https://doi.org/10.1016/j.schres.2007.11.011 

Kipps, C.M., Duggins,  a J., McCusker, E. a, Calder, A.J., 2007. Disgust and happiness recognition 
correlate with anteroventral insula and amygdala volume respectively in preclinical 
Huntington’s disease. J Cogn Neurosci 19, 1206–1217. 
https://doi.org/10.1162/jocn.2007.19.7.1206 

Klöppel, S., Stonnington, C.M., Petrovic, P., Mobbs, D., Tüscher, O., Craufurd, D., Tabrizi, S.J., 
Frackowiak, R.S.J., Kloppel, S., Stonnington, C.M., Petrovic, P., Mobbs, D., Tuscher, O., 
Craufurd, D., Tabrizi, S.J., Frackowiak, R.S.J., 2010. Irritability in pre-clinical Huntington’s 
disease. Neuropsychologia 48, 549–557. 
https://doi.org/10.1016/j.neuropsychologia.2009.10.016 

Kökönyei, G., Urbán, R., Reinhardt, M., Józan, A., Demetrovics, Z., 2014. The Difficulties in 
Emotion Regulation Scale: Factor Structure in Chronic Pain Patients. J. Clin. Psychol. 70, 
589–600. https://doi.org/10.1002/jclp.22036 

Labuschagne, I., Jones, R., Callaghan, J., Whitehead, D., Dumas, E.M., Say, M.J., Hart, E.P., Justo, D., 
Coleman, A., Dar Santos, R.C., Frost, C., Craufurd, D., Tabrizi, S.J., Stout, J.C., 2013. 
Emotional face recognition deficits and medication effects in pre-manifest through stage-
II Huntington’s disease. Psychiatry Res 207, 118–126. 
https://doi.org/10.1016/j.psychres.2012.09.022 

Lane, R.D., Reiman, E.M., Axelrod, B., Yun, L.-S., Holmes, A., Schwartz, G.E., 1998. Neural 
Correlates of Levels of Emotional Awareness: Evidence of an Interaction between 
Emotion and Attention in the Anterior Cingulate Cortex. J. Cogn. Neurosci. 10, 525–535. 
https://doi.org/10.1162/089892998562924 

Lane, R.D., Sechrest, L., Reidel, R., Weldon, V., Kaszniak,  a, Schwartz, G.E., 1996. Impaired 
verbal and nonverbal emotion recognition in alexithymia. Psychosom. Med. 58, 203–210. 
https://doi.org/10.1097/00006842-199605000-00002 

Lane, R.D., Sechrest, L., Riedel, R., Shapiro, D.E., Kaszniak, A.W., 2000. Pervasive Emotion 
Recognition Deficit Common to Alexithymia and the Repressive Coping Style. Psychosom. 
Med. 62, 492–501. https://doi.org/10.1097/00006842-200007000-00007 

Loas, G., Dhee-Perot, P., Chaperot, C., Fremaux, D., Gayant, C., Boyer, P., 1997. Anhedonia, 
alexithymia and locus of control in unipolar major depressive disorders. 
Psychopathology 1, 206–212. 

Löffler, L. a. K., Radke, S., Morawetz, C., Derntl, B., 2015. Emotional dysfunctions in 
neurodegenerative diseases. J. Comp. Neurol. 0, n/a-n/a. 
https://doi.org/10.1002/cne.23816 

Loy, C.T., McCusker, E.A., 2013. Is a motor criterion essential for the diagnosis of clinical 
huntington disease? PLoS Curr. 5. 



   
 

 25 

https://doi.org/10.1371/currents.hd.f4c66bd51e8db11f55e1701af937a419 

Mathersul, D., McDonald, S., Rushby, J.A., 2013. Understanding advanced theory of mind and 
empathy in high-functioning adults with autism spectrum disorder. J. Clin. Exp. 
Neuropsychol. https://doi.org/10.1080/13803395.2013.809700 

Mauss, I.B., Levenson, R.W., McCarter, L., Wilhelm, F.H., Gross, J.J., 2005. The Tie That Binds? 
Coherence Among Emotion Experience, Behavior, and Physiology. Emotion 5, 175–190. 
https://doi.org/10.1037/1528-3542.5.2.175 

Mayer, J.D., 2001. A field guide to emotional intelligence, Emotional intelligence in everyday 
life: A scientific inquiry. Psychology Press, New York, NY. 

Milders, M., Crawford, J.. R., Lamb,  a, Simpson, S.. A., 2003. Differential deficits in expression 
recognition in gene-carriers and patients with Huntington’s disease. Neuropsychologia 
41, 1484–1492. https://doi.org/10.1016/S0028-3932(03)00079-4 

Mitchell, R.L.C., Phillips, L.H., 2015. The overlapping relationship between emotion perception 
and theory of mind. Neuropsychologia 70, 1–10. 
https://doi.org/10.1016/j.neuropsychologia.2015.02.018 

Mörkl, S., Müller, N.J., Blesl, C., Wilkinson, L., Tmava, A., Wurm, W., Holl, A.K., Painold, A., 2016. 
Problem solving, impulse control and planning in patients with early- and late-stage 
Huntington’s disease. Eur. Arch. Psychiatry Clin. Neurosci. 266, 663–671. 
https://doi.org/10.1007/s00406-016-0707-4 

Morris, A.S., Silk, J.S., Steinberg, L., Myers, S.S., Robinson, L.R., 2007. The role of the family 
context in the development of emotion regulation. Soc. Dev. 16, 361–388. 
https://doi.org/10.1111/j.1467-9507.2007.00389.x 

Novak, M.J.U., Tabrizi, S.J., 2005. Huntington’ s disease. Br. Med. J. 341. 
https://doi.org/10.1136/bmj.c3109 

Paulsen, J.S., 2011. Cognitive impairment in Huntington disease: diagnosis and treatment. 
Curr Neurol Neurosci Rep 11, 474–483. https://doi.org/10.1007/s11910-011-0215-x 

Phillips, M.L., Drevets, W.C., Rauch, S.L., Lane, R., 2003. Neurobiology of emotion perception I: 
The neural basis of normal emotion perception. Biol. Psychiatry. 
https://doi.org/10.1016/S0006-3223(03)00168-9 

Quintana, D.S., Guastella, A.J., Outhred, T., Hickie, I.B., Kemp, A.H., 2012. Heart rate variability 
is associated with emotion recognition: Direct evidence for a relationship between the 
autonomic nervous system and social cognition. Int. J. Psychophysiol. 86, 168–172. 
https://doi.org/10.1016/j.ijpsycho.2012.08.012 

Racine, S.E., Wildes, J.E., 2013. Emotion dysregulation and symptoms of anorexia nervosa: The 
unique roles of lack of emotional awareness and impulse control difficulties when upset. 
Int. J. Eat. Disord. 46, 713–720. https://doi.org/10.1002/eat.22145 

Reilmann, R., Leavitt, B.R., Ross, C.A., 2014. Diagnostic criteria for Huntington’s disease based 
on natural history. Mov. Disord. 29, 1335–1341. https://doi.org/10.1002/mds.26011 

Ricciardi, L., Demartini, B., Fotopoulou, A., Edwards, M.J., 2015. Alexithymia in Neurological 
Disease: A Review. J. Neuropsychiatry Clin. Neurosci. 27, 179–187. 



   
 

 26 

https://doi.org/10.1176/appi.neuropsych.14070169 

Ritschel, L.A., Tone, E.B., Schoemann, A.M., Lim, N.E., 2015. Psychometric Properties of the 
Difficulties in Emotion Regulation Scale Across Demographic Groups. Psychol. Assess. 27, 
No Pagination Specified. https://doi.org/10.1037/pas0000099 

Robotham, L., Sauter, D.A., Bachoud-Levi, A.C., Trinkler, I., Bachoud-Lévi, A.-C., Trinkler, I., 
2011. The impairment of emotion recognition in Huntington’s disease extends to positive 
emotions. Cortex 47, 880–884. https://doi.org/10.1016/j.cortex.2011.02.014 

Salovey, P., Mayer, J., 1990. Emotional Intelligence. Imagin. Cogn. Pers. 9, 185–211. 

Schultz, D., Izard, C.E., Ackerman, B.P., Youngstrom, E.A., 2001. Emotion knowledge in 
economically disadvantaged children: Self-regulatory antecedents and relations to social 
difficulties and withdrawal. Dev. Psychopathol. 13, 53–67. 
https://doi.org/10.1017/S0954579401001043 

Sharp, C., Pane, H., Ha, C., Venta, A., Patel, A.B., Sturek, J., Fonagy, P., 2011. Theory of mind and 
emotion regulation difficulties in adolescents with borderline traits. J. Am. Acad. Child 
Adolesc. Psychiatry. https://doi.org/10.1016/j.jaac.2011.01.017 

Sighinolfi, C., Norcini, A., Rocco, L., 2010. Difficulties in emotion regulation scale (DERS): The 
Italian translation and adaptation. Psicoter. Cogn. Comport. 16, 141–170. 

Sim, L., Adrian, M., Zeman, J., Cassano, M., Friedrich, W.N., 2009. Adolescent deliberate self-
harm: Linkages to emotion regulation and family emotional climate. J. Res. Adolesc. 19, 
75–91. https://doi.org/10.1111/j.1532-7795.2009.00582.x 

Stasiewicz, P.R., Bradizza, C.M., Gudleski, G.D., Coffey, S.F., Schlauch, R.C., Bailey, S.T., Bole, C.W., 
Gulliver, S.B., 2012. The relationship of alexithymia to emotional dysregulation within an 
alcohol dependent treatment sample. Addict. Behav. 37, 469–476. 
https://doi.org/10.1016/j.addbeh.2011.12.011 

Tabrizi, S.J., Scahill, R.I., Durr, A., Roos, R.A., Leavitt, B.R., Jones, R., Landwehrmeyer, G.B., Fox, 
N.C., Johnson, H., Hicks, S.L., Kennard, C., Craufurd, D., Frost, C., Langbehn, D.R., Reilmann, 
R., Stout, J.C., 2011. Biological and clinical changes in premanifest and early stage 
Huntington’s disease in the TRACK-HD study: the 12-month longitudinal analysis. Lancet. 
Neurol. 10, 31–42. https://doi.org/10.1016/S1474-4422(10)70276-3 

Thoma, P., Soria Bauser, D., Suchan, B., 2013. BESST (Bochum Emotional Stimulus Set)-A pilot 
validation study of a stimulus set containing emotional bodies and faces from frontal and 
averted views. Psychiatry Res. 209, 98–109. 
https://doi.org/10.1016/j.psychres.2012.11.012 

Vellante, M., Baron-Cohen, S., Melis, M., Marrone, M., Petretto, D.R., Masala, C., Preti, A., 2013. 
The “Reading the Mind in the Eyes” test: systematic review of psychometric properties 
and a validation study in Italy. Cogn. Neuropsychiatry 18, 326–54. 
https://doi.org/10.1080/13546805.2012.721728 

Voracek, M., Dressler, S.G., 2006. Lack of correlation between digit ratio (2D:4D) and Baron-
Cohen’s “Reading the Mind in the Eyes” test, empathy, systemising, and autism-spectrum 
quotients in a general population sample. Pers. Individ. Dif. 41, 1481–1491. 
https://doi.org/10.1016/j.paid.2006.06.009 



   
 

 27 

Webb, T.L., Miles, E., Sheeran, P., 2012. Dealing with feeling: A meta-analysis of the 
effectiveness of strategies derived from the process model of emotion regulation. Psychol. 
Bull. 138, 775–808. https://doi.org/10.1037/a0027600 

West, S., Finch, J., Curran, P., 1995. Structural equation models with nonnormal variables: 
problems and remedies, in: Hoyle, R. (Ed.), Structural Equation Modeling: Concepts, 
Issues and Applications. SAGE, Newbery Park, CA, pp. 56–75. 

Yoo, S.H., Matsumoto, D., LeRoux, J.A., 2006. The influence of emotion recognition and emotion 
regulation on intercultural adjustment. Int. J. Intercult. Relations 30, 345–363. 
https://doi.org/10.1016/j.ijintrel.2005.08.006 

Zigmond, A.S., Snaith, R.P., 1983. The Hospital Anxiety and Depression Scale. Acta Psychiatr. 
Scand. 67, 361–70. https://doi.org/10.1111/j.1600-0447.1983.tb09716.x 

 

 

Highlights 

 

 Emotion regulation and recognition may be impaired in presymptomatic HD. 

 An online survey was conducted with 117 presymptomatic HD, compared to 217 controls. 

 Emotion regulation and emotion recognition were not generally impaired. 

 A specific impairment in emotional awareness was observed.  

 A precursory role of emotional awareness in recognition impairments is suggested. 

 




