Investigation of Alexithymia and Related
Psychological Factors in Relation to
Body Mass Index and Obesity

NURUL HANIS BINTI RAMZI

This thesis is submitted for the degree of
Doctor of Philosophy, July 2020

Section of Endocrinology and Investigative Medicine
Division of Diabetes, Endocrinology & Metabolism
Department of Metabolism, Digestion and Reproduction
Faculty of Medicine
Imperial College London



Declaration of Originality

I hereby confirm that to the best of my knowledge, the content of this thesis is my own work
and all else is appropriately referenced. This thesis has not been submitted for any degree or
other purposes. I certify that the intellectual content of this thesis is the product of my own
work and that all the assistance received in preparing this thesis and sources have been
acknowledged.

Copyright

The copyright of this thesis rests with the author. Unless otherwise indicated, its contents are
licensed under a Creative Commons Attribution-Non Commercial 4.0 International Licence
(CC BY-NC).

Under this licence, you may copy and redistribute the material in any medium or format. You
may also create and distribute modified versions of the work. This is on the condition that:
you credit the author and do not use it, or any derivative works, for a commercial purpose.

When reusing or sharing this work, ensure you make the licence terms clear to others by
naming the licence and linking to the licence text. Where a work has been adapted, you
should indicate that the work has been changed and describe those changes.

Please seek permission from the copyright holder for uses of this work that are not included
in this licence or permitted under UK Copyright Law.



Abstract

Common obesity is thought to be the result of genetic variations influencing susceptibility to
environmental circumstances related to food intake, mediated by appetite-regulating
pathways, and also affected by emotional processing and other behavioural traits.
Alexithymia is a psychological construct for emotional processing deficits, characterised by

impaired identification and description of feelings, and externally-oriented thinking.

Here, I investigate the relationship between alexithymia, measured by the 20-item Toronto
Alexithymia scale (TAS-20), and adiposity in two Northern Finland Birth Cohorts
(NFBC1966 and NFBC1986) and in severely-obese adults seeking bariatric surgery in the
UK (PMMO clinical trial). Analysis of depression as a possible contributing factor in the
relationship between alexithymia and obesity was also conducted in the NFBC1966.
Consistent associations between BMI and TAS-20 total scores were observed among adult
and adolescent general populations and in severely-obese adults (pre- and post-surgery,
assessed longitudinally). Males with clinically-relevant alexithymia status (TAS-20>61) and
history of depression diagnosis had higher BMI than males without, at age of 31 years in
NFBC1966. In the severe obesity clinical trial cohort (PMMO), participants with history of
clinical depression diagnosis had higher TAS-20 total scores and weight at baseline than
those who had no clinical depression history. Depression and bariatric surgery type were also

moderately associated with TAS-20 total scores after surgery.

A genome-wide association study was conducted to identify genetic variants influencing
psychological measures (TAS-20 and HSCL-13 scores) in the general adult and adolescent
populations. In the NFBC1966 dataset, one SNP, rs2242223 (p= 8.10 x 10®) in the
Parkinson’s disease gene SNCAIP (synuclein alpha interacting protein) was associated with

TAS-20 score. There were also significant sex and genotype interactions.

These findings raise intriguing questions regarding the direction of causal mechanisms
between emotional processing and obesity. Design of treatment strategies for complex
conditions, such as obesity, would benefit from enhanced understanding of underlying

psychological/behavioural components in the general population and clinical patients.
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CHAPTER 1 INTRODUCTION



1.1 Overview

This thesis describes an observational study exploring the implications of alexithymia (a
deficiency in understanding, processing, or describing emotions) for human obesity, in both
population-based and clinical settings. The inspiration for the study came from my initial
interest in studying the link between autism and obesity. From a background in genetics and
human biology, I have ventured into largely within the domain of psychology, well somewhat
beyond the area of my earlier research experience. Consequently, I have undertaken an
extensive literature search and learning to identify the theoretical framework for this
dissertation. The Williams’s INTEGRATED model of emotional processing (2008) and
Gross’s emotional regulation theory (1998) serve as the explanatory framework (4, 5). The
primary data for this thesis was from the well-known longitudinal population-based cohort (the
Northern Finland Birth Cohorts 1966 and 1986) and a clinical obesity population from Imperial
College NHS Weight Centre, selected NHS centres and general practitioner surgeries in the
UK. The most widely used alexithymia measurement tool is a self-report questionnaire, the 20-
item Toronto Alexithymia Scale (TAS-20) (6, 7) which has been cross-validated in different
languages, cultures, and populations (clinical vs nonclinical) (8) and data obtained using this
instrument is used throughout this work. This chapter introduces alexithymia and its association
with obesity from an epidemiological perspective. It will also present the applicability of

genetic studies to the overlap between obesity and emotion processing deficits.

1.1.1. Scope of the Thesis

To date, the relationship between alexithymia and body mass index (BMI) has not been
specifically investigated in large-scale general population settings. As a first stage, we sought

to address this knowledge gap by determining whether or not an association exists between
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them. For this, a standard cross-sectional analysis was carried out in the Northern Finland Birth
Cohorts 1966 and 1986 (NFBC1966 and NFBC1986). In addition, a longitudinal analysis was
conducted in NFBC1966 to study changes in alexithymia and obesity over the 15-year period,
when the participants are between the ages of 31 and 46 years. Since alexithymia may be co-
morbid with depression (9), it is possible that the association of body mass index (BMI) with
the total score and its subscale of TAS-20 might be contributed by depression. Thus, I also
explored the relationship between alexithymia and depression, expanding this further to explain

variance in obesity measures.

The relationship of genetic and environmental factors with alexithymia had been explored in
three twin studies in different populations and the authors concluded that alexithymia is
genetically influenced, with heritability estimates between 30-33% (10-12). At the time of
writing, there were no published genome-wide association studies (GWAS) on TAS-20 score.
Since I have access to individual-level phenotype and genotype data of the 31-year old adults
in NFBC1966, I carried out genome-wide association study (GWAS) separately on TAS-20
and HSCL-13 scores (as continuous traits). These analyses are also included in larger scale

GWAS on alexithymia.

To explore whether the population-based results on the relationships between alexithymia,
depression and obesity were transferable to a clinical cohort with extreme obesity, I also
investigated an adult severely-obesity clinical cohort. A TAS-20 score prediction model was

constructed which may be relevant in a clinical setting for obesity/weight management.

Causal inference, for example by Mendelian Randomisation approaches, is outside the scope

of this study, as is any direct interventional study.
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1.1.2. Rationale for the study

This thesis describes investigation of a commonly-used measure of alexithymia and in relation
to body mass index (BMI) and obesity. Alexithymia is described as a deficit in emotion
processing, specifically difficulties in identifying, differentiating and communicating feelings
- in distinguishing feelings from the bodily sensations of emotional arousal (13). Individuals
with this attribute fail to attend to their own emotions (e.g. happiness/sadness) and inner states

(e.g. heartbeat, hunger/fullness) (14-17).

Alexithymia is present in 50% of adults with autism spectrum disorder (ASD) which is high
compared to the general population (where reported levels are approximately 10%) (18).
Although alexithymia and ASD are overlapping conditions, they are independent constructs
(18, 19): brain structure network analysis suggested that that the alexithymia construct is
independent of autism (19). It is important to recognise alexithymia, since it may have a
negative impact on the outcome of various disorders and their treatment. Most contemporary
researchers consider alexithymia to be a relatively stable personality trait that may have wide-
ranging (negative) effects on health and subjective well-being (20). However, some researchers
criticise the concept of alexithymia being an independent entity and a personality trait. It has,
for example, been argued that alexithymia may simply be a covariate of other health problems

21).

A variety of physical and mental disorders have been associated with alexithymia including
obesity, depression and anxiety, anorexia and bulimia nervosa and binge-eating disorder (22-
28). Here, we concern ourselves primarily with obesity, and with depression. Obesity is caused
by consumption of more food than is required for energy balance and it has long been
recognised as a major public health concern, due to complications and co-morbidities that

greatly impair physical and mental health outcomes, as well as quality of life (29). There can
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be a range of reasons for obesity, including genetics (30-38), environmental factors (39-41)
and, critically, over-eating in response to emotions (42, 43). In the context of this thesis,
alexithymia may be directly relevant to energy-emotion imbalance, either because an
underlying impairment of interoception causes blunted responses to satiety signals, or,
alternatively, because of maladaptive emotion regulation strategies (eg. Emotional eating)
following impaired emotional recognition. Lifestyle and medical interventions have only been
very modestly successful for long-term treatment of obesity. Roughly 60-70% of excess body
weight loss can be accomplished through bariatric surgery, however, and the results are more
durable than following dietary restriction. Although this is highly successful compared to other
available therapies, not everyone achieves this weight loss and some patients are unable to
reach even 50% of excess weight loss, and others initially lose weight well, but suffer regain
(44). In this work, we explore the relationship between BMI in the general population, and
alexithymia. We also investigate this relationship in a cohort of patients undergoing bariatric

surgery, to see whether it is associated with either baseline, or post-surgery weight.

There is also a well-established relationship between alexithymia and depression, and we seek
to elucidate their joint implications for BMI. There are inconsistencies in reports examining
the relationship between severity of depression and alexithymia score (45) and the direction of

causality between alexithymia and depression is still undetermined.

1.2 Empirical review

In this section, I review the empirical evidence on alexithymia and its association with obesity
from an epidemiological perspective. Additionally, previous research on genetic studies of

alexithymia is discussed and research gaps are highlighted.
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1.2.1 Alexithymia

Alexithymia, although under-recognised, is not a particularly rare phenomenon. The
prevalence of alexithymia reported in adult general populations is around 10% (46), although
the reported prevalence of alexithymia varies from 7.3% to 23.5% in adolescents (47).
Alexithymia has been reported as associated with variety of medical conditions, with
particularly high alexithymia rates (40-77%) in autism spectrum disorder (ASD) (48), anorexia
nervosa (AN) (49) and psychosomatic disorders (50). Most contemporary researchers consider
alexithymia to be co-morbid with ASD (48, 51, 52) due to stable test-retest reliability over

time in the ASD population (51).

A wide variety of assessment tools have been developed for alexithymia (Table 1.1). The most
widely used is the TAS-20 questionnaire. Consistencies are observed between the TAS-20
score and other alexithymia assessment methods for example observer-rated (Observer
Alexithymia Scale) (53) and a skills-based approach (Emotion Recognition Task) (54) among

eating disorders (ED) patients.
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Table 1.1. Alexithymia measurement tools adapted from Encyclopaedia of Mental Health

(2015) (55).

Instrument and source Item content/ conceptual coverage
Self-report

Difficulties identifying and differentiating
feelings (DIF), difficulties describing
feelings (DDF), an externally oriented
cognitive style (EOT).

Twenty-item Toronto Alexithymia Scale
(TAS-20)

Bermond-Vorst Alexithymia Questionnaire Limited fantasy and imaginations; failures
(BVAQ) in identifying, analysing and verbalizing
one's emotional states

Structured interview

Toronto Structured Interview for Alexithymia Difficulty identifying feelings, difficulty

(TSIA) describing feelings to others, and reduced
fantasy/ poor imagination.

Diagnostic ~ Criteria for Psychosomatic Difficulti balizi d cati
Research Alexithymia (DCPR-A) ifficulties verbalizing and communicating
emotional states, reduced fantasy, external

thinking.

Semi-structured interview

Modified Beth Israel Hospital Psychosomatic
Questionnaire

(modified-BIQ)

Difficulties with the identification and
verbal communication of feelings; poor
imaginal activity, operator thinking

California Q-set Alexithymia Prototype Difficulties experiencing and expressing

(CAQ-AP) emotion; poor interpersonal relationship;

Observer Alexithymia Scale (OAS) Lacking skill in interpersonal matters and
relationships; insight, and self-
understanding; without imagination or
humour.

Projective test

Rorschach Alexithymia Scale (RAS) Low awareness of affective states, poor
fantasy,  concrete/simplistic  thinking;
conventionality, social conformity; limited
adaptive resources, difficulty managing
interpersonal relationships

Observer-rated scored (indirect measure)

Levels of Emotional Awareness Scale (LEAS) Differentiation, specificity, and blending of

emotions
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For the purposes of this thesis, TAS-20 score is the chosen assessment method, because this
questionnaire has already been applied to two large-scale population cohorts, and data were,
thus, available for around 10,000 subjects, providing excellent statistical power for our
analyses. Alexithymia can be assessed both on a continuous and categorical basis: a total score
of 61 and higher on the TAS-20 is used as a cut-off to identify subjects with alexithymia in

population-based studies (6).

1.2.2 Epidemiological studies on alexithymia and obesity

There has been limited study of correlation of TAS-20 score with BMI, and none in unselected
large-scale general population cohorts followed longitudinally over a long-time period, as
presented in this thesis. There are, however, data on clinical populations. Alexithymia is
among the psychological constructs that have been described as being more frequent in the
obese and eating disorder (ED) populations, with a prevalence of 12.5% — 52.1% (56) and
14.4% - 83% (57, 58), respectively. ED includes anorexia nervosa (AN), bulimia nervosa (BN)
and binge eating disorder (BED). One study reported that BMI did not correlate with
alexithymia among anorexic females(28). This is discordant with reports from Espina et al.
(2004) and Courty et al. 2015, who argue that starvation affects cognitive functioning in
alexithymia, since they found that BMI was correlated with TAS-20 total scores in AN patients
(24, 49). A meta-analysis from Westwood et al. (2017) (58) revealed significant BMI
differences between clinical vs control groups that can only be seen in AN studies. Critical and
systematic reviews, by Nowakowski et al. (2013) (57) and Westwood et al. (2017) (58), of ED
studies using the self-reported TAS suggested DDF and DIF subscales as trans-diagnostic
criteria for emotional dysregulation across the ED spectrum. For AN patients, the TAS-20 total
scores and subscale (DDF, DIF and EOT) scores were significantly higher than in normal-

weighted controls (58).
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The present thesis concerns the relationship between alexithymia, BMI and obesity. It has been
suggested that, in severely-obese patients, emotional processing difficulties such as
alexithymia might reflect an underlying eating disorder, such as BED (59). According to
Westwood et al. (2017) (58), there are limited alexithymia studies of individuals with a BED
diagnosis, explaining the inconsistencies between alexithymia association studies among EDs
in different populations (as summarised in Table 1.2). Zak-Golab et al. (2013) and de Zwaan
et al. (1995) observed that alexithymia measures did not differ between obese Polish and
Austrian subjects with and without binge eating disorder (60, 61). Previous small-scale case-
control studies indicate that the prevalence of alexithymia in obese patients is higher than in
healthy individuals without pathological eating disorders (22, 62). For this thesis, I have
carried out cross-sectional and longitudinal analyses of the relationship between BMI and TAS-
20 score in two large European birth cohorts. In addition, I have used clinical study population
for severe obese patients to investigate alexithymia, and depressive symptoms in relation to

baseline characteristics and weight-loss intervention outcomes.
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Table 1.2 Alexithymia key publications in participants with obesity and eating disorders.

Elfthag et al. Pinna et al. Pinaquy et al. de Zwaan et al. Zak Golab et
Authors (year) (2007) 2011) (2003) (1995) Speranza et al. (2001) al. (2013)
Sample size N=396 N=586 N=169 N=182 N=522 N=100
Obese:
Sample Obese: Obese: *EDs (AN,BN) vs
. Obese vs control ~ Obese vs control SBED vs no
characteristics *BED vs no BED *BED vs no BED control BED
Population Swedish Italian French Austrian French Polish
Alexithymia
TAS-20 TAS-20 TAS-20 TAS-20 TAS-20 TAS-26
measure
: : 0 Obese (12.9%),
Alexithymia Obese (17%), (12.9%) Obese (52%) ) ) )
percentage HC (2%) HC (6.9%),
TAS-20 total DIF> obese no group e D%FC::H EDs= No group
scores and women; BED>noBED — BED>no BED  yifferences  DIF:BNSHC;DDF:AN-  differences
subscales EOT>obese men R>HC

*
Diagnosis by DSM-IV criteria $Binge Eating Scale (BES). BED = Binge Eating Disorder AN-R = Anorexia Nervosa — Restricting Type; AN-B/P = Anorexia Nervosa — Bingeing/Purging Type; BN = Bulimia Nervosa
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1.2.3 Genetic studies of alexithymia

Genetic association studies stemmed from the discovery of common genetic polymorphisms
that acted as markers for rare variants (mutations) underlying monogenic forms of Mendelian
diseases in family-based analyses of monogenic disorders such as sickle-cell anaemia (63),
beta-thalassemia (64), Huntington’s disease (65), and others. These fell out of favour in
Mendelian conditions as the underlying mutations were discovered and genotyped directly.
However, the association approach remains important where no such major mutation is present,
but risk of disease results from a combination of more subtle genetic effects in interaction with
environmental exposures. Recently, genome-wide association studies (GWAS) have been
extensively used to dissect the genetic architecture of complex diseases, including autism,
obesity and eating disorders (66) and although the results have generally not been useful as
clinical predictors in individuals, they have been very helpful in elucidating pathophysiology.
Despite the fact that GWAS methodology has provided valuable insights into disease biology,
with more than 2,000 common disease-associated variants identified, there remains a problem
of ‘missing heritability’ that is apparently unexplained by common SNPs (67). A partial
explanation for this is hetogeneity — meaning that some rare forms of common diseases are
caused by highly penetrant rare variants (68). Recently, there is accumulating empirical
evidence suggesting that low-frequency and rare variants are associated with some incidences

of complex diseases (69).

Before conducting genetic studies, it is important to establish that the trait of interest has a
significant genetic component. Heritability studies have estimated the contribution of genes to
the variation in BMI and waist circumference between to lie between 55-85% for BMI and
waist circumference (10-12, 70, 71), respectively and between 30-55% for alexithymia (10-12,

70, 71). There is some direct evidence that these traits can be related; some genomic structural
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mutations are known to cause both obesity and ASD (72), thus it is important to characterise

the interplay between emotional-processing traits and obesity or eating disorders.

Despite the evidence of heritability, the genetic aetiology of alexithymia has not been well-
studied and part of the work described in this thesis includes a GWAS of alexithymia, which

is aimed at identifying genes or genomic regions that contribute to the trait.

1.2.4 Genome-wide association studies (GWAS)

GWAS was never intended to directly identify causative mutations causing disease, but to use
common genetic variants as markers to importantly highlight genes and regions for further
study and has been very successful in contributing to our understanding of disease
pathophysiology. To date, GWAS have been highly successful in providing new biological
insights on obesity and type 2 diabetes mellitus (T2DM): for example variants around the fat
mass and obesity-associated (FTO) gene were associated with adiposity and related traits in
multiple populations: the gene is highly expressed in the arcuate nucleus of the hypothalamus
and appears to be important for the control of satiety and appetite (73, 74). Recent publications
pointed to a topologically-associated domain (TAD) identified as a wider region, including
FTO, affecting BMI (75). The TAD area encompasses the /RXB cluster (IRX3, IRX5, IRX6),
FTO and RPGRIPIL genes. Novel techniques exploring chromatin behaviour are now being

used to extend our understanding of the mechanistic underpinning of GWAS hits.

Similarly, common genetic variants identified by GWAS for T2DM, which were related to -
cell function, confirmed the importance of these pathways in diabetes aetiology (76-79). More
recently, common variants have been used to investigate the interplay between obesity, fat

distribution patterns and metabolic/cardiovascular disease (80).
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The results from these types of study can also help ascertain the shared aetiology or pathways
between psychological factors and physical disorders that could lead to better, or novel

treatment options.

At the time of writing, there is no published GWAS for TAS-20 scores either in clinical cohort
or in a general population. Chapter 5 of this thesis, therefore, describes a GWAS of TAS-20
score, carried out in an unselected Northern European general population. These analyses

contribute to a larger alexithymia GWAS consortia work.

1.2.5 Candidate based-gene studies

Despite the fact that three twin studies in different populations indicated that alexithymia is
genetically influenced, with heritability estimates between 30-33% (10-12), genetic association
studies of the alexithymia construct have been limited. To date there are no published GWAS,
only candidate-gene association studies. As shown in Table 1.3, five SNPs from different
genes/pathways were associated with alexithymia measures in previous candidate-based gene

studies;

1) Catechol-O-methyltransferase;, COMT Val108/158Met (rs4680) (81)
2) Brain-derived neurotrophic factor, BDNF Val66Met (rs6265) (82)
3) 5-HT transporter-linked promoter region, 5-HTTLPR (rs25531) (83)
4) Dopamine receptor D2; DRD2/ANKKI TaqlA (rs1800497) (84)

5) Serotonin receptor 5-hydroxytryptamine 1A; 5-HT1A4 (rs6295) (85)

There has also been an attempt to explore the contribution of genetic variants that might directly
affect gene function: Mezzavilla et al. (2015) conducted a genotyping analysis using an

[llumina exome chip (note that this is not a GWAS chip) to investigate alexithymia in the
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North-Eastern Italy population (n=533). They used a case-control design with clinical cut-off
of TAS-20 > 60 for alexithymia case and control for TAS-20 < 60. Possible candidate genes
such as ATP-binding cassette 4 (ABCB4) previously associated with major depression, bipolar
disorder and schizophrenia in the Korean population were identified significantly associated

with alexithymia.
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Table 1.3 Candidate gene —based studies on alexithymia across Western and Asian general populations.

Authors (year)

Ham et al. (2005)

Walter et al. (2011)

Kano et al. (2012)

Wahlstrom et al
(2012)

Gong et al. (2014)

Candidate gene(s) COMT and 5-HTTLPR ggjl\)lg /Zril\?KK 1 5-HTTLPR DRD2/ANKK1 5-HTI1A4
Population Korean German Japanese European American Chinese
Sample size (N) 109 664 304 120 504

Alexithymia scale  TAS-20 TAS-20 TAS-20 TAS-20 TAS-20

Results

COMT Val/Val carrier has
higher total TAS-20 score
compared to individuals
with Met/Met or Met/Val
genotypes.

No group difference
between TAS-20 and 5-
HTTLPR genotype.

Total TAS-20 score
and DIF subscale were
associated with carriers
of at least one BDNF
66Met and one
DRD2/ANKKI A1
allele.

Total TAS-20 and
DIF subscale were
associated  with
L/L than L/S or
S/S genotypes.

Total TAS-20 was

associated with
A1/A1l than A1/A2
or A2/A2
genotypes.

Total TAS-20 was

associated with
CG/GG than CC
genotypes.
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1.3 Theoretical framework

This section discusses the theoretical models for this thesis. In the first part, the key concepts
of emotional processing and regulations are defined and their roles in alexithymia, depression
and obesity are discussed. In the second part, theoretical reflections on how biological
mechanisms play a role in the association between obesity and brain health are summarized —
and specifically how alexithymia might be relevant to weight gain or obesity. Furthermore,

previous research is discussed and research gaps addressed in this thesis are pointed out.

1.3.1 Emotions

Emotions are distinct patterns of neural activity that are generated as the individual
continuously evaluates objects, events and situations with respect to their relevance for his/her
needs, goals, values, and general well-being (86). Emotion is often defined as a complex state
of physical and psychological changes that are mediated by neural and hormonal systems (87).
Reeve (2015) suggests there are four components of emotions which are interrelated: 1)
subjective experience or feelings (positive or negative), 2) bodily arousal, 3) memory activation
by specific information/emotional stimuli, and 4) social expression (88). The generation of
emotion feelings requires a neural remapping of different features of the body state in the CNS,
resulting from cognitive “appraisal” where the anterior insular cortex plays a key integrative
role (89). Clearly, this cannot happen without interoception (sense of the internal state of the

body) and it is postulated that defects of interoception may underlie alexithymia (14-17).

1.3.2 Emotion processing

Emotional processing is one’s ability to process fear, anxiety, stress and other extreme events
and move past them over time. Emotional processing also refers to a gradual reduction of

emotional responding. Jack Rachman (1980) first introduced emotional processing term as “a
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process whereby emotional disturbances are absorbed, and decline to the extent that other

experiences and behaviour can proceed without disruption” (90).

In healthy development, individuals are aware and able to identify and describe their emotions
and this emotional recognition ability is important in that it helps to understand them and link

them to events.

Having recognised bodily sensations indicating an emotional state, a person must then interpret
and respond to it. A structural model to explain theories of emotions in relation to cognitive,
relational (or environment) and motivation aspects was developed by Richard Lazarus in the
early 1990s what is known as “the appraisal theory” or “Lazarus’s theories of emotions” (91,
92). The cognitive appraisal theory of emotion by Lazarus & Folkman (1984) argues that
thoughts must occur first before the experience of emotion. Emot