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Abstract 

Objective. The question of how to best conceptualize health anxiety (HA) from a 

diagnostic and etiological perspective remains debated. The aim was to examine the 

relationship between HA and the symptoms of anxiety and obsessive-compulsive 

related disorders in a normative twin population. 

Method. 496 monozygotic adult twin pairs from the Australian Twin Registry 

participated in the study (age, 34.4±7.72 years; 59% females). Validated scales were 

used to assess each domain. We applied a twin regression methodology –ICE 
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FALCON– to determine if there was evidence consistent with ‘causal’ relationships 

between HA and other symptoms by fitting and comparing model estimates.  

Results. Estimates were consistent with higher levels of obsessing (‘unwanted 

thoughts’) (p=0.008), social anxiety (p=0.03) and body dysmorphic symptoms 

(p=0.008) causing higher levels of HA symptoms, and with higher levels of HA 

symptoms causing higher levels of physical/somatic anxiety symptoms (p=0.001).  

Conclusion. Obsessional thoughts, body dysmorphic concerns, and social anxiety 

symptoms may have a causal influence on HA. To report physical/somatic anxiety 

appears to be a consequence of the underlying presence of HA-related fears. Should our 

results be confirmed by longitudinal studies, the evaluation and treatment of HA may 

benefit from the consideration of these identified risk factors.  

 

Keywords: health anxiety; obsessive-compulsive disorder, body dysmorphic disorder; 

anxiety, twin studies.  

 

 

 

 

 

 

Significant Outcomes.  

  

- Our novel twin modeling results suggest that having higher levels of certain 

obsessive-compulsive related symptoms and social anxiety symptoms increase 

one’s risk of experiencing health anxiety (HA). Separately, HA-related fears 

increase one’s risk of experiencing acute physical anxiety symptoms.  

- This study may inform the development of more comprehensive etiological 

models of HA. Its results challenge existing diagnostic classification schemes, 

which consider HA to be mostly independent of anxious psychopathology.  

- While our results require confirmation in longitudinal studies, they suggest that 

targeting specific obsessional thoughts, body dysmorphic concerns, and 

interpersonal relationships, may have specific therapeutic benefits in the 

evaluation and treatment of health anxiety.  
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Limitations  

- While the analysis methodology and cross-sectional design appropriately permit 

tests of causation, the identified relationships should be confirmed by future 

studies, including longitudinal and twin designs.  

- We have relied on a dimensional approach to assessing psychiatric symptom 

domains in a normative twin population. Despite being a valid and common 

approach to assessing psychiatric constructs using population-based studies, our 

results should be extended to clinical populations with confirmed diagnoses, 

instead of relying on self-reported symptoms.  

- Our study did not incorporate measures of other somatoform and anxiety 

disorder symptoms, such as disease/illness phobia. 

Introduction  

  

Severe health anxiety (HA), also referred to as hypochondriasis, is characterized by 

persistent preoccupation or fear of having, or a conviction that one has, one or more 

serious, progressive or life-threatening illnesses based on a catastrophic 

misinterpretation of bodily signs or symptoms. The preoccupation is manifested either 

by repetitive and excessive health-related behaviors and/or maladaptive avoidance 

behaviors (such as avoiding medical appointments). It is also associated with significant 

functional impairment and distress, as well as notably high rates of health care 

utilization (1). Recent work suggests that excessive forms of HA – representing one 

extreme of a continuum of HA-related fears in the population (1,9) – may affect up to 

7.4% of individuals especially during middle adulthood years. Yet despite these 

estimates, the conceptualization of HA from both a diagnostic and etiological 

perspective remains debated (4–7).  

 

In the latest DSM, HA is split into two diagnoses: illness anxiety disorder and 

somatic symptom disorder, and remains in the ‘somatic symptom and related disorders’ 

chapter, whereas in ICD-11 it is listed with obsessive-compulsive disorder (OCD), body 

dysmorphic disorder (BDD) and hoarding disorder (HD) in the ‘obsessive-compulsive 

and related disorders’ (OCRD) section (5,7). In the latter case, shared features such as 

obsessional (intrusive and unwanted) thoughts and repetitive checking behaviors have 

been cited in support of its etiological link with OCRDs (4,6,8). However, HA also 

remains distinct from OCRDs in terms of the frequency of somatic symptoms. It has 

been highlighted that while distressing thoughts about disease is the key feature of 
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severe HA, individuals with OCD most often present intrusive thoughts unrelated to 

health, such as thoughts about harming others (9).  On the other hand, because HA 

involves marked anxiety and preoccupation with benign bodily symptoms, it has also 

been linked etiologically with panic disorder (PD) (7). To a less extent, HA has been 

linked to other anxiety disorders, such as generalized anxiety disorder (GAD), based on 

high levels of comorbidity (around 28%) (11) and due to the co-occurrence of worries in 

both disorders (12); although see (13). Disease/illness phobia (a simple phobia), which 

refers to the fear of developing a serious illness (without the conviction that they already 

have such an illness), has been also associated with HA. However, people with illness 

phobia tend to have few or no somatic symptoms and relatively good insight, perceiving 

their fears as excessive or unreasonable (13). Finally, less studied, problems dealing 

with social relationships (14) and social fears of criticism have also been described in 

people with HA (15). Clearly, 

  

further research is needed to understand the etiological 

basis of HA and its relationship to these other frequently comorbid disorders.  

Aims of the Study 

Our aim was to employ a novel twin modeling approach – inference on causation from 

examination of familial confounding (ICE FALCON) – to test for evidence consistent 

with the existence of ‘causal’ relationships between HA symptoms and the symptoms of 

these other disorders (16–18).  

In applying ICE FALCON, our hypotheses were that panic symptoms – 

specifically, the fear of bodily anxiety symptoms –, body dysmorphic concern 

symptoms, chronic stress-tension symptoms and specific OCD symptom dimensions 

(washing, checking and obsessing/unwanted intrusive thoughts) would emerge as 

‘causal risk factors’ for HA symptoms. Conversely, we hypothesized that other forms of 

anxiety symptoms, such as the reported presence of physical anxiety symptoms, as well 

as depressive symptoms, would increase as a consequence of HA. No causal 

relationships were expected between HA and social anxiety symptoms and OCD 

hoarding and symmetry/ordering symptoms. We reasoned that evidence of potential 

causal relationships between these symptom domains might provide insights into the 

etiological basis of HA and thus contribute to the ongoing debate about its diagnostic 

classification, and with potential relevance to its improved treatment. 
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Material and Methods 

Participants  

Twins were recruited from the Australian Twin Registry (ATR), a national volunteer 

resource of twin pairs (19). All twins included in this study signed an online full consent 

information approved by the Human Research Ethics Committee and Mental Health 

Research from Melbourne (Australia) before answering any questionnaire. A total of 

3,100 MZ twins were emailed by the ATR as part of a larger study (20). Twins were 

selected according to age (18 to 45 years) and known zygosity, and were balanced by 

gender (male-male and female-female). Twin pairs were randomly selected to receive 

the study email each week over a four-month period. Two weeks after receiving the 

initial invitation, non-responding twins were followed-up with a reminder email, 

followed by a further telephone reminder two weeks later. A second phone follow-up 

was performed for all remaining non-responders. Data collection ran for approximately 

one year between June 2011 and May 2012. A total of 1457 MZ twins (47%) responded 

to the survey, 1643 (53%) were non-responders. Of the responders, 383 were MZ 

singletons (excluded from this analysis), with an additional 41 MZ pairs being removed 

due to unclear or missing zygosity. In total, our analyses incorporate data from 496 MZ 

twin pairs (992 MZ twins). All participants gave informed consent after receiving 

complete information on the study. The mean age of the twins was 34.4 years (S.D.= 

7.72), and 59% were female. See Table 1.  

 

------------- Table 1-------------- 

 

Instruments 

1) Health Anxiety Symptoms 

The Whiteley Index (WI) is a 14-item questionnaire that assesses HA symptoms in a 

binary (Yes/No) format. All items are scored positively, except Item 9 “Is it easy for 

you to forget about yourself, and think about all sorts of other things?” which is 

negatively scored. Sum of each item derives in a total score. Factor analysis of WI 

reported only a one-factor solution in the general population (e.g. “Do you often worry 

about the possibility that you have got a serious illness?”, “ Do you get the feeling that 

people are not taking your illness seriously enough?”, “Do you think there is something 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved 

seriously wrong with your body?”). The scale has shown satisfactory to good 

psychometric properties in three different samples (medical outpatients, general practice 

patients and general population) (21). Specifically, the WI demonstrates good 

discriminate validity between these three sample types. Internal consistency 

(Cronbach’s alpha) was also high, ranging between 0.76 and 0.80 across the three 

samples. 

 

2) Body Dysmorphic Concern Symptoms 

The Dysmorphic Concern Questionnaire (DCQ) is a 7-item questionnaire that assesses 

the degree of concern with physical appearance and body malfunctioning (e.g. “Have 

you ever been very concerned about some aspect of your physical appearance”, “ Have 

you ever spent a lot of time covering up defects in your appearance/bodily 

functioning”). Each item is rated on a 4-point Likert scale (0=not at all; 1=like most 

people; 2= more than other people; 3=much more than other people). Sum of each item 

derives in a total score ranging from 0 to 21. It is a reliable and valid measure for the 

assessment of BDD symptoms (22).  

 

3) Obsessive-Compulsive Symptom Dimensions 

The Obsessive-Compulsive Inventory-Revised (OCI-R) is an 18-item questionnaire that 

assesses an individual’s level of distress associated with OCD symptoms. Each item is 

rated on a 5-point Likert scale ranging from 0 (not at all) to 4 (extremely). Summing 

each item yields a total score ranging from 0 to 72. The OCI-R total score has excellent 

psychometric properties (23). Acknowledging the heterogeneity of the disorder, the 

OCI-R evaluates 6 different OCD symptom dimensions: washing (sum of items 5, 11, 

17), checking (sum of items 2, 8, 14), obsessing (sum of items 6, 12, 18), hoarding (sum 

of items 1, 7, 13), ordering (sum of items 3, 9, 15), and neutralizing (sum of items 4, 10, 

16), some of them associated with different etiological patterns (24–26). Because of the 

utility of the OCI-R for examining OCD symptom dimensions, as demonstrated in our 

past work (26), we examined each of these dimensions in relation to HA symptoms.  

 

4) Depressive, Physical Anxiety and Stress Symptoms 

The Depression Anxiety Stress Scale (DASS) is a 21-item scale designed to assess three 

domains: Depression, Anxiety and Stress. Each item is rated on a 4-point Likert scale 

ranging from 0 (did not apply to me at all) to 3 (applied to me most of the time). The 
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internal consistency and concurrent validity of the DASS–21 has been validated 

between acceptable to excellent ranges (27). The depression subscale is characterized 

principally by a loss of self-esteem and incentives, which assesses a state over the past 

week rather than a more stable trait (e.g., "I felt I wasn’t worth much as a person"; "I 

couldn’t seem to experience any positive feeling at all"). Summing items 3, 5, 10, 13, 

16, 17 and 21 yields the ‘depression’ factor score. The anxiety subscale primarily 

emphasizes physical/somatic anxiety symptoms (e.g., dryness of the mouth, breathing 

difficulties, heart palpitations and general fear of panicking). Summing items 2, 4, 7, 9, 

15, 19 and 20 yields the ‘anxiety’ factor score. The stress subscale focuses on persistent 

arousal, tension, irritability and tendency to overreact to stressful events (e.g., "I found it 

hard to wind down", "I tend to over-react to situations") (28). Summing items 1, 6, 8, 

11, 12, 14 and 18 yields the ‘stress’ factor score. All three subscales were included in 

the current analysis. 

 

5) Fear of Anxiety Symptoms 

The Anxiety Sensitivity Index (ASI) is a 16-item questionnaire that assesses fears 

related to the experience of anxiety symptoms (e.g., “It scares me when my heart beats 

rapidly”, “Unusual body sensations scare me”, “When I’m nervous, I worry that I 

might be mentally ill”). Each item is measured on a Likert scale ranging from 0 (no, just 

a little) to 4 (very much). Summing each item yields in a total score ranging from 0 to 

64. It has adequate reliability and validity indices (29). ASI has been shown to 

distinguish between individuals with and without lifetime history of panic attacks, and 

between individuals experiencing panic attacks versus those with panic disorder (30). 

Further, patients with panic disorder were found to have higher ASI scores than all other 

anxiety disorders. A cut-off score of 30 has been demonstrated as indicator of panic 

disorder (31). 

  

6) Social Anxiety Symptoms  

The Social Phobia Inventory (SPIN) is a 17-item inventory that assesses different 

aspects related to social anxiety disorder (SAD) such as fear, avoidance and physiologic 

symptoms in different social situations (e.g., “parties and social events scare me”, 

“Being criticized scares me a lot”, “I avoid talking to people I don’t know”). Each item 

is measured on a Likert scale ranging from 0 (not at all) to 4 (extremely). Sum of each 
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item yields a total score ranging from 0 to 68. It has shown excellent internal 

consistency and good test–retest reliability and convergent and discriminant validity. It 

distinguished well between those with social phobia and those with either PD or OCD 

(32). 

 

Statistical Analysis 

Summary statistics are presented as mean and standard deviation (SD) or percentage in 

Table 1. Missing values were imputed using the random forest method. Variables were 

transformed using a logarithm function (a variable + 1) to reduce variability and then 

standardized to have mean zero and variance of one before conducting ICE FALCON 

analysis. To take into account correlation within the twin pairs, generalized estimating 

equation (GEE) method was used to conduct inference, with the mean function 

specified by each of the ICE FALCON model, which assumed to be linear and additive, 

and assumed exchangeable working correlation structure. 

 

Estimation of Cross-twin–Within-Trait Correlations 

Partial correlation, adjusted for age and gender, using Pearson method was initially used 

to explore correlation within twin pairs, between two traits (cross-trait) within 

individual and cross-twin cross-trait (i.e. correlation between twin 1 for a trait and twin 

2 for another trait, and vice versa for twin 2 and twin 1). Within twin pairs correlation 

provides evidence for familial effects (genetic and shared environmental effects) on a 

trait, while within individual cross-trait correlations show the relationship exist for two 

traits, and finally the cross-twin cross-trait correlations provides an indication of the 

genetic and environmental factors that are share between two traits. 

 

Causal inference analysis 

We used the recently developed ICE FALCON (Inference on Causation from 

Examination of Familial Confounding) twin-regression methodology to make inference 

about the potential for there to be causal influences between factors (16,33–35). Briefly, 

ICE FALCON uses regression models to analyze twin pair data on both the outcome of 

interest and a familial predictor measured for both the twin and the co-

twin. Comparisons of the changes in estimates from fitting different models allow 

inference to be made about putative causal relationships between the predictor and 
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outcome variables. If the predictor is correlated within twin pairs and there is an 

association between the outcome of a given twin with the predictor of the co-twin that 

reduces after adjusting for the predictor of the given twin, then this is consistent with 

the existence of a causal relationship between the predictor and the outcome. If the 

associations between the outcome of a twin and the predictors of both the twin and the 

co-twin are the same, or similarly reduced, before and after adjusting for each other, 

there is no evidence for a causal relationship between the predictor and outcome.  

 

ICE FALCON is similar to the Mendelian Randomisation approach to making 

inference on causation (36) which makes use of genetic risk scores as ‘instrumental 

variables’. In ICE FALCON, the co-twin’s exposure acts as a surrogate instrumental 

variable. The term ‘causal’ in this approach is used in the sense that if the predictor 

variable for a person was to be varied experimentally, then the value of the outcome 

variable of that person would be expected to change. In other words, the causal term 

used to refer to the idea of determining whether X symptoms appear before or after HA 

symptoms, but in any case refers to the causes underneath HA symptoms. In this sense, 

ICE FALCON twin methodology helps to understand that although different symptoms 

have been shown to be associated with HA, it is unknown whether they co-occur 

because they share underlying common factors (such as genetic and/or environmental 

factors) or because they appeared at different temporal times: one being a potential 

“predictor” of the other. Although familial confounders are an essential feature of the 

ICE FALCON approach, potential individual-specific moderators such as medication, 

previous treatment or psychiatric comorbidities do not impact the inferential process. 

This is because they cannot of themselves induce a cross-trait cross-pair association, 

even if there is a causal relationship between the predictor and the outcome. 

 

 ICE FALCON has been recently applied to study the potential causal 

associations between OCD and other compulsive and anxiety disorders symptoms, and 

between depression, anxiety and stress symptoms (17,18). The underlying statistical 

model allows making inference about causation, not proving, playing a role between a 

predictor and an outcome via the 'elimination of familial confounding'. If the predictor 

is familial – that is, it is strongly correlated within twin pairs – and there is an 

association between the outcome variable of the index twin with the predictor of the co-

twin that reduces after adjusting for the predictor of the index twin, then this is 
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consistent with the existence of at least some causal relationship between the predictor 

and the outcome intra-subject. Note that this observation does not imply that the 

inferred causality is the only reason for a relationship between the predictor and the 

outcome. More details are given in the Supplementary Material. 

 

 For each pair of measures, we regressed one of them (the outcome) against the 

other (the predictor). We then reversed the direction of the regressions. For each 

scenario, we fitted three models: model I using the predictor of the index twin only; 

model II using the predictor of the co-twin only; and model III using the predictors of 

both the index twin and co-twin. Variables were log transformed (after adding 1 to 

make sure no variable has a zero value) and then standardized to have mean of 0 and a 

variance of 1. Generalized estimating equations (GEE), which take into account 

correlation in the outcome variable within twin pairs, were used to fit  ordinary 

regression models, adjusting for sex and age.  

  

 To make statistical inference, the method relies on conducting one-tailed tests of 

significance; because the data are from pairs of individuals, we obtained confidence 

intervals and conducted tests of significance of these one-tailed tests using non-

parametric bootstrap methods. This involved randomly sampling twin pairs with 

replacement to obtain the same sample size as the original dataset, and then fitting the 

models to this new data set to get a new set of estimated parameters. The process was 

repeated 1,000 times to estimate the sampling distribution of the parameter estimates, 

from which a standard error was estimated by computing the standard deviation. The R 

packages (http://www.R-project.org/) ‘geepack’ (37) and ‘randomForest’ (38) were 

used to conduct GEE analysis and imputed missing value, and the bootstrap inference 

was conducted using in-house R scripts. Following convention, tests were considered to 

be nominally significant at p<0.05 although multiple tests. This is because for each 

variable X, we considered two tests to see if X caused HA or HA caused X, so these 

two tests need to be considered together to see if they gave consistent evidence for 

causation.  

 

Results 

General familial associations 
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Table 2 demonstrates that all measures were correlated with each other within, between 

and across twin pairs (all p < 0.05), a pre-requisite for applying the ICE FALCON 

approach.  

------ Table 2 ------ 

 

Inference on causality of relationships  

Table 3 provides the results of the twin modeling approach applied to HA and OCD 

symptoms and provides evidence consistent with there being causal relationships of 

OCD symptom domains on HA. For OCD symptoms (OCI Total), the cross-trait cross-

pair coefficient reduced from 0.142 in Model II to 0.091 in Model III, and this change 

was significant (p = 0.025), while the within individual coefficient remained relatively 

stable from Model I to Model III. For the OCD symptom dimensions, this pattern was 

evident for obsessional thoughts (Obsessing subscale) (p = 0.008), and marginally so for 

Washing (p = 0.057), but not for the other symptom dimensions. When the roles were 

reversed, this pattern was not evident for HA as a predictor of any OCD measure as an 

outcome.  

 

 Table 4 provides the results for HA and other symptoms. Applying the same 

approach to the changes in regression coefficients, there was evidence consistent with 

HA having a causal influence on physical anxiety symptoms (DASS-Anxiety, p = 

0.001), and marginal evidence consistent with HA having a causal influence on 

depressive symptoms (DASS-Depression, p = 0.062) and fear of anxiety symptoms 

(ASI, p = 0.087). There was also evidence consistent with body dysmorphic symptoms 

(DCQ, p = 0.008) and social anxiety symptoms (SPIN, p = 0.029) having a causal 

influence on HA.   

 

In both Tables 3 and 4, when the cross-trait cross-pair coefficient reduced 

significantly from Model II to Model III, it was still significant in Model III. This is 

consistent with there being familial factors (i.e. factors shared by the twins within a 

pair) influencing both traits. 

 

 A supplementary regression analysis between fear of having anxiety symptoms 

(ASI) and physical anxiety symptoms (DASS-Anxiety) was also performed. As 

demonstrated at Table S1 from supplementary material, there was evidence consistent 
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with fear of anxiety measured by ASI having a causal influence on physical anxiety 

symptoms measured by the DASS-Anxiety (p = 0.025).   

 

Fig. 1 shows a representation of the predicted causal relationships between the 

factors.  

 

-------- Tables 3 & 4, Figure 1 --------- 

Discussion 

Our study of monozygotic twin pairs confirms familial overlap between the symptoms 

of HA and two different diagnostic categories (anxiety and OCRDs). By exploiting this 

familial overlap, we have applied a twin regression modeling that is able to test for 

evidence consistent with there being distinct causal influences between some of these 

symptom domains. Our analyses suggest that HA symptoms are, in part, caused by 

having obsessional thoughts, body dysmorphic concerns and social anxiety, but not vice 

versa. Furthermore, having HA symptoms, in part, causes higher levels of physical 

anxiety symptoms, but not vice versa. 

 

 While further research, including longitudinal studies will be required to confirm 

these observed associations, they do suggest a potentially novel etiological model of HA 

that emphasizes certain cognitive (obsessional thoughts, also named as 

unwanted/forbidden thoughts), somatic (body dysmorphic)  and social anxiety risk 

factors. At a cognitive level, we observed a distinct association between obsessional 

“unwanted” thoughts and HA symptoms. In OCD, this symptom dimension has been 

associated with maladaptive beliefs about the importance of one’s thoughts: an 

underlying cognitive bias that often leads to high levels of thought-action fusion: that is, 

where thinking is appraised as the same as acting. Our findings raise the possibility that 

an "obsessional thinking style" measured with the obsessing subscale (e.g. having 

difficulties suppressing unpleasant thoughts, having difficulties of controlling their 

thoughts and overthinking excessively), including such cognitive biases (e.g. thought-

action fusion), may have a greater causal influence on HA than is currently 

conceptualized. Although recent work has shown that HA is associated with 

"uncontrollability of worrying" and "danger of thinking" (39), these cognitive 

dimensions have only been marginally studied compared to the prominent cognitive-

behavioral models of OCD. 
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A causal association between body dysmorphic concerns and HA symptoms is 

generally consistent with the notion that heightened bodily awareness is a fundamental 

underlying characteristic of HA, as emphasized in the model of Wells (10). Specifically, 

our results suggest that a preoccupation with one’s bodily appearance may have a causal 

influence that produces the manifestation of HA-related fears. There is some clinical 

evidence to suggest a specific overlap between BDD and HA (40). Conceptually, this 

result also appears to align with the classification of HA together with BDD/OCD in the 

OCRDs chapter of ICD-11. This classification reflects the idea that HA and BDD share 

two common characteristics: first, the presence of persistent and recurrent 

preoccupations, and second, the heightened vigilance towards – and catastrophic 

misinterpretation of –bodily anxiety symptoms (7). 

   

Social anxiety symptoms measured with the SPIN also appear to causally predict 

HA symptoms on the basis of our modeling approach: a relationship that was not 

expected a priori. Nevertheless, it is of potential interest, especially considering Noyes 

and colleague’s interpersonal model of HA (14). According to this model, HA is 

associated with an insecure attachment style that in adults gives rise to abnormal care-

seeking behavior and, consequentially, problems dealing with social relationships (14). 

Cognitive distortions related to social interaction could affect the safety signals from 

clinicians (41). Indeed, it has been reported that individuals with HA tend to present an 

increased prevalence of certain personality traits, such as mistrust or eccentric 

perceptions (42), with paranoid personality disorder being most frequently observed in 

HA (~20% of cases) (43). An increased fear of social situations (as measure with the 

SPIN) suggests a bias in the interpretation of social cues, with a tendency to interpret 

them in excess and in a manner consistent with a “paranoid thinking style”. Some other 

previous work suggests that social fears and low self-esteem may underlie HA-related 

cognitions (44), particularly social fears of criticism and intimacy (15), with a fear of 

intimacy being found to predict HA symptoms (41). Thus, although, cognitive models 

of HA (10) do not emphasize social anxiety fears as potential risk factors for HA, the 

above evidence suggests that these relationships may deserve further attention in future 

studies.  
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 Interestingly, as a ‘predictor’, HA was singularly associated with anxiety 

symptoms, which as measured by the DASS-Anxiety, focuses primarily on 

physical/somatic anxiety. This suggests that people with higher levels of HA 

symptoms are likely to 

 

will experience more symptoms in this domain, which is an 

intuitive finding. A similar relationship is found in people with high levels of anxiety 

sensitivity (AS), a common characteristic of panic disorder (PD), whereby the specific 

fear of anxiety-related bodily sensations predicts higher levels of acute situational 

anxiety (45). However, there are important differences between the construct of HA and 

AS in regard to the appraisal/attribution of bodily anxiety symptoms. In HA, patients 

tend more to attribute such symptoms to a moderate or severe physical disease process 

and tend to be characterized by long periods of anxiety due to the delayed 

consequences, whereas for people with high AS, particularly PD patients, somatic 

symptoms are more commonly attributed to cognitive/psychological factors (e.g. I will 

get crazy) and also related to immediate threats (36, 37). Nevertheless, in the current 

study, HA and AS (measured by the ASI) were found to be the most strongly correlated 

measures within individuals, and by contrast the lowest cross-twin correlation. To 

unpack this association further, we performed an extra regression analysis, which found 

evidence consistent with fear of anxiety symptoms (ASI) causally predicts physical 

anxiety symptoms measured by the DASS-Anxiety. Thus, despite other studies 

indicating that anxiety sensitivity does not predict HA symptoms when longitudinally 

assessed (48), we recognize that the overlap between these measures within participants 

may have precluded our ability to identify causal associations between them via the 

twin regression modeling. 

In summary, HA is a complex psychiatric disorder that continues to challenge 

accurate etiological and diagnostic conceptualization. Our findings raises the possibility 

that treating social anxiety symptoms could have a therapeutic benefit in the reduction 

of the HA symptoms. Increasing the level of trust in others could help to improve the 

adherence to certain psychological and psychiatric treatments in HA patients. Regarding 

the “obsessional thinking style” it could be of interested to implement, as some recent 

studies are doing, mindfulness interventions (49,50) to develop a friendly awareness 

towards thoughts, emotions and body sensations. This could help patients to disengage 

from over-thinking and developing a new and less reactive relationship with their inner 

experience (mind and body) without the urgency of getting rid of their distressing 
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thoughts (e.g. obsessions). Finally, helping to reduce body dysmorphic concern 

symptoms could be of benefit in reducing the excessive attention focus to their somatic 

symptoms, so reducing the amplification of their body and leading to a less hyper-

checking and anxiety. Clearly, further research – both longitudinal and clinical - is 

needed to advance current understanding of HA, particularly regarding its etiological 

basis, which ultimately promises to enhance its evidence-based treatment. The insights 

generated from our twin regression modeling approach are novel and identify specific 

relationships between HA and other frequently comorbid disorders that may prove 

compelling, if validated in subsequent studies, as major underlying risk factors. 
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Table 1. Summary statistics for socio-demographic and clinical characteristics. 

Variable   N Mean SD % Missing 

Continuous           

Age 

 

992 34.4 7.72 0 

Sex 

Male-Male = 202 pairs (40.7%) 

Female-Female = 294 pairs (59.3%) 

WI 992 2.47 2.60 0 
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DCQ 992 4.09 3.81 0 

ASI 964 7.99 8.43 2.8 

SPIN 969 11.09 11.71 2.3 

DASS Stress 992 3.93 4.10 0 

Depression 992 2.35 3.76 0 

Anxiety 992 1.47 2.64 0 

 

Total 992 7.75 9.23 0 

OCI Total 992 8.27 8.35 0 

Washing 992 0.53 1.41 0 

Obsessing 992 1.49 2.28 0 

 

Ordering 992 2.23 2.32 0 

 

Checking 992 1.41 1.86 0 

  Hoarding 992 1.88 2.01 0 

Categorical   N %     

Sex Female 588 59.3 

 

0 

Male 404 40.7 

Education Primary/Secondary School 144 14.6 0.5 

TAFE qualification 272 27.6 

 

Undergraduate 336 34.0 

  Post-graduate 235 23.8 

Marital Status Married/Partner 596 60.6 0.8 

 

Girlfriend/Boyfriend 119 12.1 

  

 

Divorced/Separate 42 4.30 

  Single 226 23.0 

Widowed 1 0.10 

Employment Student 57 5.80 

 

0.9 

 

Unemployed 27 2.75 

  Self-employed 98 10.0 

Part-time employed 196 19.9 

 

Full time employed 540 54.9 

    Other 65 6.61     

Mean and standard deviation computed using raw score. 

WI = health anxiety symptoms, DCQ = body dysmorphic concern symptoms, ASI = fear of 

anxiety symptoms, SPIN = social anxiety symptoms, DASS = depression, physical anxiety and 

stress symptoms, and OCI = obsessive-compulsive symptom dimensions. 
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Table 2. Correlations within twin pairs, within-individuals but cross-trait, and cross-twin cross-

trait, adjusted for age and sex, between health anxiety symptoms and each other anxiety, 

depression and obsessive-compulsive related disorder symptom dimension. 

 

Within twin pairs 

correlation 

Within individual 

cross-trait 

Cross-twin cross-

trait 

  ρ (95% CI) ρ (95% CI) ρ  (95% CI) 

WI 0.34 (0.26, 0.41) NA NA 

DCQ 
0.40 (0.32, 0.47) 0.41 (0.36, 0.46) 0.23 (0.17, 0.28) 

OCI-Total 0.39 (0.31, 0.46) 0.41 (0.36, 0.46) 0.24 (0.18, 0.29) 

OCI-Washing 0.39 (0.32, 0.47) 0.30 (0.24, 0.36) 0.21 (0.15, 0.27) 

OCI-Obsessing 0.39 (0.31, 0.46) 0.42 (0.37, 0.47) 0.25 (0.19, 0.31) 

OCI-Ordering 0.33 (0.25, 0.41) 0.26 (0.20, 0.31) 0.15 (0.09, 0.21) 

OCI-Checking 0.37 (0.29, 0.44) 0.37 (0.31, 0.42) 0.18 (0.12, 0.24) 

OCI-Hoarding 0.30 (0.22, 0.38) 0.23 (0.17, 0.29) 0.12 (0.06, 0.18) 

ASI 0.30 (0.22, 0.38) 0.48 (0.43, 0.53) 0.19 (0.13, 0.25) 

SPIN  0.43 (0.35, 0.50)  0.34 (0.28, 0.39)  0.17 (0.11, 0.23) 

DASS-Anxiety 0.27 (0.19, 0.35) 0.45 (0.40, 0.50) 0.25 (0.19, 0.30) 

DASS-Stress  0.34 (0.26, 0.41)  0.37 (0.31, 0.42) 0.20 (0.14, 0.26)  

DASS-Depression 0.31 (0.24, 0.35)  0.36 (0.31, 0.41)  0.19 (0.13, 0.25)  

WI, Whiteley Index (health anxiety symptoms); DCQ, Dysmorphic Concern Questionnaire (body 

dysmorphic concern symptoms); OCI, Obsessive-Compulsive Inventory (obsessive-compulsive symptom 

dimensions); DASS, Depression Anxiety and Stress Scale (depression, physical anxiety and stress 

symptoms); ASI, Anxiety Sensitivity Index (fear of anxiety symptoms); SPIN, Social Phobia Inventory 

(social anxiety symptoms).  

ρ = correlation coefficient. 
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Table 3. ICE- FALCON model fits testing for evidence consistent with causation in both directions between Health Anxiety symptoms and OCD symptom 

dimensions. Standardized regression coefficient estimates (Coef), standard error (s.e), and P-value (p) 

  Model I Model II  Model III  Change 
Predictor  — Outcome   Coef s.e p Coef s.e p Coef s.e p Absolute  p* 
OCI Total (X) — HA (Y) Self 0.375 0.030 <0.001    0.364 0.031 <0.001   

 Cotwin    0.142 0.037 < 0.001 0.091 0.032 0.004 -0.051 0.025 
Washing (X) — HA (Y) Self 0.273 0.034 < 0.001    0.259 0.034 < 0.001   

  Cotwin    0.145 0.037 < 0.001 0.108 0.030 < 0.001 -0.038 0.057 
Obsessing (X) — HA (Y) Self 0.397 0.030 < 0.001    0.380 0.031 < 0.000   

  Cotwin    0.179 0.035 < 0.001 0.105 0.031 0.001 -0.074 0.008 
Hoarding (X) — HA (Y) Self 0.209 0.033 < 0.001    0.210 0.032 < 0.001   

 Cotwin    0.057 0.034 0.094 0.060 0.032 0.061 NS* NS* 
Ordering (X) — HA (Y) Self 0.231 0.030 < 0.001    0.229 0.030 < 0.001   

 Cotwin    0.080 0.033 0.015 0.073 0.030 0.017 -0.007 0.328 
Checking (X) — HA (Y) Self 0.352 0.031 < 0.001    0.347 0.031 < 0.001   

 Cotwin    0.092 0.035 0.008 0.055 0.031 0.070 -0.036 0.097 

HA (X) — OCI Total (Y) Self 0.370 0.029 <0.001    0.365 0.029 <0.001   

 Cotwin    0.123 0.037 0.001 0.103 0.031 0.001 -0.020 0.250 
HA (X) — Washing (Y) Self 0.262 0.040 < 0.001    0.262 0.039 < 0.001   

 Cotwin    0.123 0.039 0.002 0.124 0.036 < 0.001 0.001 0.477 
HA (X) — Obsessing (Y) Self 0.384 0.031 < 0.001    0.379 0.031 < 0.001   

 Cotwin    0.146 0.036 < 0.001 0.126 0.030 < 0.001 -0.020 0.274 
HA (X) — Hoarding (Y) Self 0.218 0.033 < 0.001    0.215 0.034 < 0.001   

 Cotwin    0.068 0.035 0.052 0.053 0.033 0.106 NS* NS* 
HA (X) — Ordering (Y) Self 0.237 0.032 < 0.001    0.234 0.032 < 0.001   

 Cotwin    0.083 0.034 0.014 0.073 0.032 0.023 -0.010 0.262 
HA (X) — Checking (Y) Self 0.346 0.031 < 0.001    0.345 0.031 < 0.001   

 Cotwin    0.072 0.035 0.038 0.069 0.030 0.021 -0.003 0.457 
Abbreviations: HA, Health anxiety symptoms; OCI, Obsessive-Compulsive Inventory (obsessive-compulsive symptom dimensions); X, independent variable; Y, outcome variable; *p, p-

value for 1-side; NS, not significant. 

Significant associations are presented in bold face. 
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The analyses were adjusted for sex and age. 

 

    Model I Model II  Model III  Change 

Predictor  — Outcome  Coef s.e p Coef s.e p Coef s.e p Absolute p* 

HA (X) — DCQ (Y) Self 

Cotwin 

0.372 0.028 <0.001  

0 105 

 

0 035 

 

0 003 

0.371 

0 100 

0.027 

0 028 

 < 0.001 

 < 0 001 

 

0 005 

 

0 431 
A

u
th

o
r 

M
a

n
u

s
c
ri
p

t



 

This article is protected by copyright. All rights reserved 

 Table 4. ICE- FALCON model fits testing for evidence consistent with causation in both directions between Health Anxiety symptoms and body-dysmorphic disorder symptoms and 

different anxiety symptoms. Standardized regression coefficient estimates (Coef), standard error (s.e), and P-value (p) from regression models on monozygotic twin pairs. 

 

Abbreviations: HA, Health anxiety symptoms; DCQ, body dysmorphic concern symptoms; DASS-Depression, depression symptoms; DASS-Anxiety, physical anxiety symptoms; DASS-Stress, stress 

symptoms; ASI, fear of anxiety symptoms; X, independent variable; Y, outcome variable.  NS; not significant; p*, p-value for 1-side. 

Significant associations are presented in bold face. 

The analyses were adjusted for sex and age. 

 

HA (X) — DASS-Anxiety (Y) Self 

Cotwin 

0.431 0.031 <0.001  

0.207 

 

0.035 

 

< 0.001 

0.410 

0.109 

0.032 

0.031 

 < 0.001 

 < 0.001 

 

-0.098 

 

   0.001 
HA (X) — DASS-Stress (Y) Self 

Cotwin 

0.341 0.029 <0.001  

0 108 

 

0 033 

 

0 001 

0.336 

0 085 

0.029 

0 029 

 < 0.001 

 0 004 

 

-0 022 

 

0 190 
HA (X) — DASS-Depression (Y) Self 

Cotwin 

0.327 0.029 <0.0001  

0 109 

 

0 034 

 

0 0013 

0.320 

0 072 

0.029 

0 030 

<0.0001 

0 0186 

 

-0 037 

 

0 062 
HA (X) — ASI (Y) Self 

Cotwin 

0.470 0.026 <0.001  

0 093 

 

0 038 

 

0 013 

0.467 

0 037 

0.027 

0 030 

 < 0.001 

 0 220 

 

-0 057 

 

0 087 
HA (X) — Social Phobia (Y) Self 

Cotwin 

0.314 0.028 <0.001  

0 035 

 

0 034 

 

0 296 

0.319 

0 060 

0.028 

0 029 

 < 0.001 

 0 037 

 

NS* 

 

NS* 
DCQ (X) — HA (Y)  Self 

Cotwin 

0.400 0.030 <0.001  

0 148 

 

0 037 

 

< 0 001 

0.388 

0 079 

0.030 

0 032 

 < 0.001 

 0 013 

 

0 069 

 

0 008 
DASS-Anxiety (X) — HA (Y) Self 

Cotwin 

0.419 0.028 <0.001  

0.164 

 

0.034 

 

< 0.001 

0.412 

0.137 

0.028 

0.028 

 < 0.001 

 < 0.001 

 

-0.027 

 

0.240 
DASS-Stress (X)—HA (Y) Self 

Cotwin 

0.344 0.029 <0.001  

0.112 

 

0.033 

 

0.001 

0.338 

0.084 

0.029 

0.028 

 < 0.001 

    0.003 

 

-0.028 

 

0.162 
DASS-Depression (X) — HA (Y)  Self 

Cotwin 

0.319 0.030 <0.0001  

0.089 

 

0.033 

 

0.0079 

0.319 

0.085 

0.029 

0.030 

<0.0001 

0.0038 

 

-0.003 

 

0.447 
ASI (X) — HA (Y) Self 

Cotwin 

0.464 0.027 <0.001  

0.064 

 

0.037 

 

0.089 

0.463 

0.053 

0.027 

0.029 

 < 0.001 

 0.068 

 

-0.011 

 

0.401 
Social Phobia (X) — HA (Y)  Self 

Cotwin 

0.334 0.031 <0.001  

0.079 

 

0.035 

 

 0.022 

0.331 

0.029 

0.032 

0.031 

< 0.001 

 0.347 

 

-0.050 

 

0.029 
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Figure 1: Graphical representation of the causal relationships between the factors predicted 

form the ICE FALCON modelling. The assumed direction of the causal relationships is indicated by 

the directions of the arrows.  

Figure legend 

Social anxiety symptoms were measured by the SPIN scale, obsessional thoughts were measured by the 

obsessing subscale from the OCI-R, body dysmorphic concerns symptoms were measured by the DCQ 

scale and physical anxiety symptoms were measured by the DASS-Anxiety subscale.  
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