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Abstract

Background—The etiology of chronic fatigue syndrome (CFS) remains unknown. Personality
traits influence well-being and may play a role in CFS and unexplained chronic fatigue.

Purpose—To examine the association of emotional instability and extraversion with chronic
fatigue and CFS in a genetically informative sample.

Methods—We evaluated 245 twin pairs for two definitions of chronic fatigue. They completed
the Neuroticism and Extraversion subscales of the NEO-FFI. Using a co-twin control design, we
examined the association between personality and chronic fatigue.

Results—Higher emotional instability was associated with both definitions of chronic fatigue
and was confounded by shared genetics. Lower extraversion was also associated with both
definitions of fatigue, but was not confounded by familial factors.

Conclusions—Both emotional instability and extraversion are related to chronic fatigue and
CFS. Whereas emotional instability and chronic fatigue are linked by shared genetic mechanisms,
the relationship with extraversion may be causal and bi-directional.
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INTRODUCTION

Chronic fatigue syndrome (CFS) is one of several medically unexplained conditions that
challenge contemporary understandings of health and disease. Developed in 1994 by a
Centers for Disease Control and Prevention (CDC) study group, the current case definition
of CFS (1) requires the presence of debilitating fatigue for at least six months that interferes
substantially with normal activity levels and is not better accounted for by another known
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illness or condition. In addition, fatigue must be accompanied during a six-month period by
at least four of the following secondary symptoms: impaired memory or concentration, sore
throat, tender glands, aching or stiff muscles, multi-joint pain, new headaches, unrefreshing
sleep, and post-exertional fatigue. Finally, clinical examination, including history, physical
examination, mental status examination, and laboratory testing must rule out other causes of
fatigue, including but not limited to clinical depression, eating disorders, substance abuse,
and side effects of medication (1). There is no objective test or marker for CFS.

Several other clinical phenotypes are relevant to the range of fatiguing illness and are often
studied in relation to CFS. By common consent, chronic fatigue involves the presence of
unexplained fatigue for six months or longer, and is one of the main defining characteristics
of CFS. Chronic impairing fatigue additionally stipulates impairment in functioning. CFS-
like illness involves the same presence of fatigue, secondary symptoms, and absence of
exclusionary conditions required by the CDC-based diagnosis of CFS, and is often used in
lieu of CFS in epidemiological studies that have logistical barriers to the clinical
examination requirement. The boundaries between these non-mutually-exclusive definitions
of fatiguing illness are to some degree arbitrary (2, 3), but they have consistently been
studied together or conceptualized as the range of fatiguing illness. For example, a CDC-
conducted, community-based survey of 14 627 adults found a 1.8% point prevalence of
unexplained chronic fatigue and a 0.2% prevalence of CFS-like illness (4), which are
consistent with estimates of the prevalence of CFS from 0.007% to 0.56% in community
samples and from 0.3% to 2.6% in primary care settings. Despite decades of research, the
etiology and pathophysiology of the conditions along this continuum of chronic fatigue
remain unknown. While earlier research focused on determining whether the etiology of
unexplained chronic fatigue and CFS was primarily physical (especially virologic) or
psychological in nature, current thinking is that CFS is likely a complex condition with
multiple predisposing and perpetuating factors. In fact, a pure dichotomy between an illness
with a specific pathophysiology and one with important psychological aspects is neither
necessary nor especially likely (5). Given advances in understanding the reciprocal
relationship between psychological distress and physiological functioning—that is,
understanding how stress “gets under the skin”—a simple physical or psychological
explanation of CFS appears unlikely (6-8). Moreover, Wessely (9, 10), Greenberg (11), and
others have presented a strong argument that a single model, either medical or psychiatric, is
insufficient to understand CFS.

In pursuit of a multidisciplinary understanding of CFS, one important area of research has
been the relationship between personality factors and the development and maintenance of
CFS. Personality refers to stable trait-like patterns of perceiving and relating to oneself and
one’s environment. Well-validated personality traits are relatively stable over time, are
expressed in a wide range of personal and social contexts, and have consistent influences on
behavior. The Five Factor Model (or “The Big Five”) has emerged as the most empirically
validated and robust model to describe personality and its relationship to health and behavior
(12). The Five Factor Model comprises the five dimensions of emotional instability,
extraversion, agreeableness, conscientiousness, and openness.

Emotional instability is also known as “neuroticism” (13) and defined by Costa and McCrae
as “a broad dimension of individual differences in the tendency to experience negative,
distressing emotions and to possess associated behavioral and cognitive traits. Among the
traits that define this dimension are fearfulness, irritability, low self-esteem, social anxiety,
poor inhibition of impulses, and helplessness” (14). Vulnerability to stress is also a facet, or
subscale, of the neuroticism domain (13).
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High emotional instability has been associated with CFS in a variety of studies (15-21). Of
particular importance for the present study, in a large population-based, longitudinal, co-
twin control analysis, Kato and colleagues (22) found that emotional instability, assessed 25
years earlier, predicted chronic impairing fatigue and CFS-like illness through non-causal
shared genetic mechanisms common to both emotional instability and fatiguing illness. For
each standard deviation increase in emotional instability the risk for chronic impairing
fatigue and for CFS-like illness increased 55% and 72%, respectively, after correction for
stress and extraversion. According to these data, emotional instability does not cause CFS
nor does CFS cause emotional instability. Rather, both arise in at-risk individuals through a
common, underlying genetic mechanism. Another set of analyses of the same twin sample
linked high levels of emotional instability to increased likelihood of developing a variety of
physical and psychological conditions, including CFS, arthritis, cardiovascular disease,
ulcers, headaches, and chronic widespread pain (23).

Extraversion is defined as tendencies toward interpersonal warmth, gregariousness,
assertiveness, activity, excitement-seeking, and positive emotion. Extraverts are predisposed
to experience positive emotions and show a higher degree of social activity (13). Evidence
also indicates a positive association between extraversion and healthy exercise behavior,
whereas neuroticism has a negative association (24-26). Several studies have noted low
extraversion in patients with CFS (16) and fibromyalgia (20, 27), but these findings have not
been consistent (28). In addition, Masuda and colleagues found Aigher levels of extraversion
in post-infectious but not non-infectious CFS patients (21). The longitudinal co-twin control
study described above found no association between extraversion at baseline and chronic
fatigue 25 years later, after adjusting for emotional instability (22).

Even with these mixed results, extraversion is a potentially important factor in
understanding how CFS develops and is sustained in individuals, because extraversion
correlates with subjective well-being (29-32), and guiding a person to act in a more
extraverted manner can increase subjective well-being (33). Such an effect, along with the
positive effects of extraversion on exercise behavior (24-26), may explain some of the
benefits of cognitive behavioral and graded exercise therapies in CFS (34-36). That is,
acting in an extraverted way may have a “navigational effect” that positively alters the daily
experience of fatigue, pain, and associated negative mood states described by people with
CFs.

Twins are especially helpful in the study of conditions of unknown cause and disorders for
which appropriate comparison groups are ill-defined. Because of the excellent match
between twins for critical confounders such as genes and childhood environment, co-twin
studies provide the best matched controls in a case-control study. A co-twin design is
therefore one of the most sensitive approaches to assessing the association of subtle clinical
measurements, such as personality traits, with a specific condition, such as CFS. Because
monozygotic (MZ) twins who are reared together share 100% of their genes and 100% of
their developmental environment, and dizygotic (DZ) twins share an average of 50% of their
genes and 100% of their common developmental environment, co-twin control studies can
examine whether shared genes and common developmental environment—referred to jointly
as “familial factors”—account for the relationship between two traits. In so doing, co-twin
studies can help to distinguish between potentially causal relationships among clinical
phenotypes, or alternatively, between shared genetic or environmental linkages among
phenotypes (37). For example, within a sample of MZ twin pairs discordant for chronic
fatigue, a potential causal role for emotional instability can be considered when higher
emotional instability is consistently linked with the affected twin but not the unaffected
twin. However, if affected and unaffected co-twins do not differ with regard to emotional
instability, familial factors linking both emotional instability and chronic fatigue may be
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indicated. Further, the relationship of the phenotypes within DZ twins is useful in
establishing whether the shared familial linkage is genetic or environmental. If the link
between two phenotypes is significant within DZ pairs but not MZ pairs, a shared genetic
linkage is suggested. For clarity, Figure 1 (adapted from McGue et al., 2010 (37)) presents
the potential patterns of within-twin pair associations for two hypothetical phenotypes.

The purpose of the present study was to extend the current literature by examining the traits
of emotional instability and extraversion and their association with chronic fatigue in twins
from the University of Washington Chronic Fatigue Twin Registry. We used two non-
mutually exclusive definitions of chronic fatigue in order to evaluate whether increasing
specificity of diagnostic criteria changed the associations between personality factors and
chronic fatigue. Our aim was to replicate the finding of shared genetic loading for emotional
instability (22) and to investigate whether extraversion and chronic fatigue were similarly
confounded by familial factors, either genes or common environment. Given prior mixed
results with extraversion and CFS, we did not expect to find familial confounding. We
therefore hypothesized that 1) high emotional instability and low extraversion are associated
with chronic fatigue and CFS-like illness; 2) the relationship between emotional instability
and both definitions of chronic fatigue is accounted for by familial factors, particularly
shared genetic mechanisms; 3) the relationship between extraversion and both definitions of
chronic fatigue is not accounted for by familial factors; and 4) relatively strict diagnostic
criteria do not change the association between these personality factors and chronic fatigue.

All 514 twins (257 twin pairs) who contributed to the present analyses were volunteers in
the University of Washington Chronic Fatigue Twin Registry (38). A detailed description of
the construction of the Registry and the evaluation procedures is provided elsewhere (38).
Twin pairs in which at least one member was chronically fatigued (a specified fatigue
duration or diagnosis of CFS was not required) or had chronic pain were solicited through
advertisements in patient support groups (55%), solicitations placed on CFS electronic
bulletin boards (18%), clinicians and researchers familiar with CFS (10%), twin researchers
or organizations (6%), friends or relatives (3%), and various other uncategorized means
(9%). To be included in the Registry, all study participants completed a detailed mailed
questionnaire assessing a range of topics, including demographics, habits, lifestyle, physical
and emotional health, zygosity, and symptoms of CFS. The 1994 CDC case definition of
CFS (1) was used to measure chronic fatigue of six months duration and CFS symptom
criteria. A control version of the questionnaire that did not refer to fatigue was used for non-
fatigued twins. Written, informed consent was obtained from each Registry member, and all
procedures were approved by the University of Washington Institutional Review Board and
in accordance with the ethical standards of the Helsinki Declaration.

Eligibility Criteria and Definitions of Chronic Fatigue

Fatigued twins were classified according to two non-mutually exclusive case definitions of
chronic fatigue. The first definition, chronic fatigue lasting at least six months, required a
positive response to the question: “Have you been fatigued for at least six months?” Twins
who did not endorse this question were considered controls. The second, more stringent
definition, chronic fatigue for at least six months not explained by medical and psychiatric
conditions, used an algorithm based on the inclusionary and medical and psychiatric
exclusionary components of the CDC case definition for CFS (1). Specifically, to be
classified as positive for the second definition, participants had to endorse the presence of at
least four of eight symptoms: impaired memory or concentration, sore throat, tender glands,
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aching or stiff muscles, multi-joint pain, new headaches, unrefreshing sleep, and post-
exertional fatigue (1). Participants also had to endorse that their fatigue lasted for at least six
months, was not lifelong, and resulted in a reduction in occupational, educational, social, or
personal activities. All twins with a body mass index = 45 kg/m? or who reported any of the
exclusionary conditions were excluded from this definition. The first definition was called
“chronic fatigue” and the second, more stringent definition was called “CFS-like illness.”

The Registry questionnaire contained a checklist of self-reported medical and psychiatric
conditions that was used to determine exclusionary conditions in both fatigued and non-
fatigued co-twins. Twins reported whether a condition was currently active or had resolved,
and whether a physician had evaluated the condition. Examples of exclusionary conditions
included (but were not limited to) steroid-dependent asthma, infectious hepatitis, diabetes,
bipolar disorder, cancer (other than skin), congestive heart failure, stroke, cirrhosis, multiple
sclerosis, and systemic lupus erythematosus. Exclusionary conditions were determined by
consensus of two general internists, a psychologist with expertise in CFS, an infectious
disease specialist, and an internist/emergency room physician with knowledge of, but little
exposure to, patients with CFS. To assess the reliability of the exclusionary diagnoses, self-
reported conditions were compared to physician confirmation of those diagnoses by chart
review and telephone contact with treating physicians for a subsample of 44 twins. Within
this subsample, no fatigued twin was determined to be ineligible because of an exclusionary
condition that was missing or inaccurately reported on the self-report questionnaire.
Conversely, no exclusionary conditions were observed in any twin who self-reported good
health.

Assignment of Zygosity

We employed a commonly-used self-report measure to assign zygosity. This measure
contains multiple questions about childhood similarity in twin pairs. Twin pairs whose
responses were concordant for the question, “As children, were you and your twin as alike
as two peas in a pod, or of only ordinary family resemblance?” were classified as either MZ
(both twins agreed on “alike as two peas in a pod”) or DZ (both twins agreed on “ordinary
family resemblance”). In cases where responses were discordant, zygosity was assigned by
using an algorithm based on several additional questions assessing childhood similarity. The
use of this method to assign zygosity has been demonstrated to be 95%-98% accurate
compared to biological indicators (39, 40). Pairs with indeterminate zygosity were excluded
from the analyses.

Measures of Emotional Instability and Extraversion

Twins completed the Neuroticism and Extraversion subscales of the NEO-Five Factor
Inventory (NEO-FFI) (13). The NEO-FFI is a 60-item version of the Revised NEO
Personality Inventory, a 240-item measure of the Five Factor Model domains of Emotional
Instability, Extraversion, Agreeableness, Conscientiousness, and Openness to Experience.
The Emotional Instability and Extraversion subscales of the 60-item NEO-FFI comprise 12
questions each and have acceptable reliability and construct validity (13). Alphas for
emotional instability and extraversion in the present sample were 0.90 and 0.81,
respectively. Strong evidence indicates that both traits are substantially heritable, with
estimates ranging from 0.41 to 0.58 for emotional instability and 0.49 to 0.57 for
extraversion (41).

Statistical Analyses

Descriptive statistics were calculated by using means and standard deviations for continuous
variables and frequencies for categorical variables. In the full sample, we also examined
concordance rates for both definitions of chronic fatigue by zygosity, and mean levels of
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extraversion and emotional instability for both definitions by zygosity. We then examined
the full sample for individual-level associations of emotional instability and extraversion
with both definitions of chronic fatigue by using generalized estimating equations (GEE) to
account for correlations within twin pairs. These analyses also controlled for age and sex.
Because 4 of the 8 defining symptoms for CFS-like illness involve pain, our analyses did not
control for chronic pain status. Our initial models were similar to standard, non-twin
investigations of associations insofar as they adjusted for correlated data but otherwise
ignored twin status to estimate the overall effects among the variables of interest in the
population. This first step was imperative because it is unnecessary to investigate familial
confounding without an overall phenotypic association.

A second set of analyses examined the within-twin pair associations of emotional instability
and extraversion with both definitions of chronic fatigue. For these analyses, we first
calculated the within-pair difference scores for twin pairs who were discordant for both
definitions. Using those scores, we estimated a new set of GEE models for MZ and DZ pairs
separately. An examination of these zygosity-stratified, within-twin pair models can
illuminate the potential familial confounding in the relationship between the personality
factors and both definitions of chronic fatigue. Thus, if the within-twin pair effects for
emotional instability and extraversion were comparable for both MZ and DZ twin pairs who
were discordant for fatigue status, we can infer that the individual-level association between
these personality factors and chronic fatigue may be causal (i.e., relatively high emotionally
instability at a trait level predisposes one to chronic fatigue or CFS-like illness). Alternately,
if the within-twin pair effects were large only for the discordant DZ twin pairs (and not for
the MZ pairs), we would suspect possible genetic confounding for both traits (42).

Of the 257 twin pairs identified in the Registry, 12 twin pairs were excluded from our
sample because of indeterminate zygosity, yielding a total usable sample of 245 pairs (490
individuals). Among these pairs, 9% were male-male twins and 91% were female-female
twins. On average, participants were born in 1953, and all participants were white. Most of
the sample was composed of MZ twin pairs (67%), although the zygosity distribution within
the two definitions of fatigue was similar (64-65% MZ and 35-36% DZ). There were 158
twin pairs who were discordant for chronic fatigue for six months or longer and 118 twin
pairs who were discordant for CFS-like illness. The demographic characteristics by fatigue
definition and case or control status are presented in Table 1. Twin pairs discordant for
fatigue by either definition were significantly different on measures of body mass index, and
income was significantly different for twins classified according to the first definition of
fatigue. Most of the sample was married or living as married, had 14-15 years of education,
and reported an income of $50,000 or more.

Fatigue Concordance Rates and Personality Means

While 42% of the MZ twin pairs were concordant for chronic fatigue of six months or
longer, only 29% of the DZ twin pairs were concordant for this definition of chronic fatigue.
Likewise, 26% of the MZ and 13% of the DZ twin pairs were concordant for CFS-like
illness. The higher concordance rates in MZ than in DZ twin pairs suggest that chronic
fatigue and CFS-like illness are heritable, a condition that is necessary for further analysis of
genetic confounding between personality and chronic fatigue.

Table 2 presents the means and standard deviations for the personality variables by fatigue
definition and zygosity. For chronic fatigue of six months or longer, the means for emotional
instability were similar for MZ twins who were discordant for the condition, but DZ twins
differed by 6 points. Findings were similar for CFS-like illness, suggesting a pattern that is
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consistent with genetic confounding. For extraversion, mean differences for discordant MZ
and DZ twin pairs were of similar magnitude and direction for both definitions of chronic
fatigue. This pattern suggests a causal association between extraversion and chronic fatigue.

Individual-level Associations

Emotional instability and extraversion were not correlated in our sample (r=-0.08, p> .10).
Therefore, our analyses to examine the individual-level association of each personality
variable and both definitions of fatigue were based on separate GEE models.

Emotional instability—Because we found no fatigue-based mean difference in emotional
instability within MZ pairs (see Table 2), and because MZ pairs made up about two-thirds of
the sample, our initial models to examine the individual-level association of emotional
instability with both definition of chronic fatigue included an interaction term for zygosity X
emotional instability in addition to the main effect terms for age, sex, zygosity, and
emotional instability. For chronic fatigue of six months or longer, we observed main effects
for zygosity (B =-1.81, p=.007) and emotional instability (8= -0.03, p=.002), as well as
the expected zygosity X emotional instability interaction effect (B =0.03, p=.009). This
finding verifies that the mean difference in emotional instability in DZ cases and controls
was both statistically significant and the primary reason for the significant main effect of
emotional instability. Chronic fatigue of six months or longer was associated with higher
emotional instability scores, but only in the DZ pairs. Results for CFS-like illness were
nearly identical (emotion instability zygosity X emotional instability interaction B=0.04, p
=.002).

Extraversion—Because we found fatigue-based mean differences on emotional instability
within both MZ and DZ pairs (see Table 2), the models to examine the individual-level
association of extraversion with both definition of chronic fatigue included main effects only
for age, sex, and extraversion. For chronic fatigue of six months or longer, only extraversion
contributed to the model in the expected direction (8= 0.03, p < .0005). Results were
identical for the CFS-like illness model. Both definitions of chronic fatigue were associated
with lower extraversion scores.

Within-twin pair analyses

The within-twin pair analyses focused only on twin pairs who were discordant for both
definitions of chronic fatigue. For chronic fatigue of six months or longer, 88 MZ and 44 DZ
twin pairs were discordant. For CFS-like illness, 76 MZ and 41 DZ pairs were discordant.

Emotional instability—Figure 2 presents the MZ and DZ within-twin pair associations of
emotional instability with both definitions of chronic fatigue. Although the MZ within-twin
pair associations with both definitions of fatigue were not reliably different from zero (B’s
for both definitions < —-0.004, p’s > .70), the DZ within-twin pair associations were
significant (B =0.086, p=.003 for chronic fatigue of six months or longer; B=10.100, p=.
001 for CFS-like illness). This finding suggests that the association between emotional
instability and both definitions of chronic fatigue is almost completely confounded by
common genetic mechanisms, regardless of the stringency of diagnostic criteria.

Extraversion—Figure 3 presents the MZ and DZ within-twin pair associations of
extraversion with both definitions of chronic fatigue. We found that the MZ within-twin pair
associations were significant for both chronic fatigue of six months or longer (8= -0.079, p
<.0005) and CFS-like illness (B = —0.094, p < .0005). Moreover, the DZ within-twin pair
associations were also significant and slightly greater in magnitude for both definitions of
chronic fatigue (8= -0.109, p < .0005 for chronic fatigue of six months or longer; B=
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-0.128, p=.011 for CFS-like illness). The slight attenuation of the effect in MZ compared
to DZ pairs suggests that the association between low extraversion and both definitions of
chronic fatigue may be somewhat confounded by familial factors. Nevertheless, the strong
association that remained in the MZ pairs, even when controlling for shared genetics, is
consistent with the hypothesis that, to an important degree, extraversion affects fatigue,
fatigue affects extraversion, and the relationship may be mutually reinforcing, regardless of
the initial direction of causation.

DISCUSSION

In this co-twin control study we found associations between the personality traits of
emotional instability and extraversion and two non-mutually exclusive definitions of chronic
fatigue, such that the second definition is more stringent than the first. Our findings support
each of our four initial hypotheses. First, we detected an overall individual-level effect for
emotional instability and chronic fatigue of six months or longer as well as CFS-like illness,
but only for DZ twins. We also found an overall effect for extraversion for both definitions
of chronic fatigue, regardless of zygosity. Second, after controlling for familial factors in
within-twin pair analyses, we found a significant association between high emotional
instability and both definitions of chronic fatigue, but only in the DZ twin pairs. These
results are consistent with shared genetic confounding between emotional instability and
chronic fatigue. Third, we found significant within-twin pair associations between low
extraversion and both definitions of chronic fatigue for both MZ and DZ pairs, although
there was a slight attenuation of the effect in MZ pairs. The strong association that remained
even when we controlled for familial factors suggests that the link between low extraversion
and chronic fatigue may be causal. Fourth, the patterns of our findings were consistent for
both definitions of chronic fatigue, with a trend toward greater magnitude for the more
stringent definition of CFS-like illness. Therefore, it is likely that the relationships among
these personality traits and chronic fatigue appear even in less severe cases of chronic
fatigue, for which no additional exclusionary criteria are applied.

Our results on emotional instability are consistent with the only other twin studies to date
that have examined fatiguing illness and Five Factor Model personality traits (22), (23).
Kato and colleagues found that emotional instability predicted chronic fatigue, and that this
link involved shared genetic mechanisms that contribute both to emational instability and to
fatiguing illness (22). In their sample, emotional instability was measured 25 years before
fatigue was assessed, suggesting that emotional instability was not merely a consequence of
the fatiguing illness but rather a significant factor in its etiology. As in our study, the
association with emotional instability in their sample held for two different definitions of
fatigue, with one definition more stringent than the other. High levels of emotional
instability have also been linked to various other physical conditions (23, 43-45). Emotional
instability was initially conceptualized by Eysenck as neuroticism or an expression of
chronic excitation of the central nervous system. As such, it may cause continuous
physiological wear and tear, increasing vulnerability to disease (23). This possibility
suggests the need for identifying vulnerable individuals early in life, before emotional
instability takes its toll. Prevention and intervention strategies might involve personality
screening, stress-reduction practices, and exercise (43). Our findings suggest the need for
similar strategies aimed at people who are at risk for developing CFS.

In contrast to our results on emotional instability, our finding of an association between low
extraversion and both definitions of chronic fatigue differed from those of Kato and
colleagues (22), who found no such association. Our finding suggests that this association is
not driven by familial factors. The lack of familial confounding in our data is consistent with
the possibility that low extraversion and chronic fatigue have causal dynamics (37).
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However, these findings do not allow us to determine whether low extraversion predisposes
a person to develop a fatiguing illness or whether having a disabling illness such as CFS
pushes a person down the extraversion scale over time in the direction of greater
introversion, which can then amplify and maintain the condition. Nevertheless, our finding
of a potentially causal association, combined with Kato and colleagues’ finding that pre-
existing introversion did not increase risk for subsequent development of fatiguing illness,
suggests that introversion is likely to be the result of CFS rather than the cause. Prospective
studies are needed to clarify the robustness of this association and the direction of causality.

These results may have important implications for clinical interventions for people with
CFS. Considerable evidence suggests that extraverted individuals tend to achieve greater
levels of subjective well-being than introverted individuals (30, 31). Self and spousal reports
of dispositional extraversion and overall positive affect have shown reasonably robust
correlations that vary in the range of 0.10 to 0.70 (29, 32) across various ages and cultures
(46). Evidence also indicates that guiding introverted people toward acting as if they were
extraverted can increase subjective well-being (33). That is, positive affect tends to follow
on what individuals do regardless of what traits they Aave or who they are (33, 47).
Therefore, this navigational effect of “doing” may positively alter a person’s daily
experience of fatigue and well-being. Clinically, therapeutic efforts can capitalize on this
effect to reverse the slide toward greater introversion in everyday life —an outcome to which
individuals with CFS may be prone. Consistent with this approach, several randomized
clinical trials have demonstrated that cognitive-behavioral and graded exercise interventions
that focus on increasing social and physical activity are efficacious in lowering fatigue and
improving physical function in people with CFS (36, 48-54). In addition, higher extraversion
has also been shown to predict positive response to both antidepressant medication and
cognitive-behavioral interventions (34, 35).

A notable strength of this study is our co-twin control design, which is uniquely suited to
parse the effects of shared genes and environment on the link between personality and
chronic fatigue. Nonetheless, we note several potential limitations. First, Registry twins
were recruited by multiple strategies and represent essentially a volunteer rather than a
population-based sample. Second, our analyses included more MZ twin pairs than DZ pairs.
Despite the smaller number of DZ pairs, however, we found robust associations even in this
subsample, suggesting that statistical power was not an issue. Third, none of our analyses
controlled for the potential contribution of chronic pain to the relationship between
personality and chronic fatigue. Since chronic fatigue and CFS rarely occur without a pain
component, we erred on the side of ecological validity. Nonetheless, future studies should
examine the link between personality and chronic pain only to determine if our findings are
unique to fatiguing illness. Finally, we relied on self-report rather than clinical assessment
for exclusionary medical and psychiatric conditions. This methodology could have led to
misclassification of twins with regard to either definition of chronic fatigue, but the perfect
correspondence between self-reported conditions and chart review information in a
subsample of twins argues against this possibility. In addition, any potential
misclassification would result in an underestimation of effects, not an overestimation. Future
cross-sectional and prospective studies should further examine the link between personality
and chronic fatigue in larger, population-based samples.

In conclusion, we found that higher emotional instability and lower extraversion were linked
to chronic fatigue, such that emotional instability acted through shared genetic mechanisms
and extraversion acted primarily through a bi-directional, causal pathway. Behavioral
prevention and intervention strategies can be used to mitigate or reverse the development
and maintenance of CFS and other fatiguing illness. Taking an extraverted approach in day-
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to-day interactions may have a “navigational” effect that lowers morbidity and improves

Su

bjective well-being and functioning in people who suffer from chronic fatigue.
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Figure 1.
*Interpreting Patterns of Within-Pair Associations for Causation and Confounding in

Monozygotic (MZ) and Dizygotic (DZ) Twins

Figure 1a) Causal association — the magnitude of the association within pairs is the same for
both MZ and DZ pairs

Figure 1b) Partial genetic confounding — the magnitude of the association within pairs is
attenuated but not eliminated in MZ compared to DZ twins

Figure 1c) Complete genetic confounding — the magnitude of the association is completely
attenuated in MZ pairs compared to DZ pairs
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*Adapted from: McGue M, Osler M, Christensen K: Causal Inference and Observational
Research: The Utility of Twins. Perspect Psychol Sci. 2010, 5:546-556, Figure 1
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Monozygotic (MZ) and dizygotic (DZ) within-twin pair associations of emotional instability
with two definitions of chronic fatigue

Figure 2a) Chronic fatigue of 6 months or longer

Figure 2b) CFS-like illness
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Monozygotic (MZ) and dizygotic (DZ) within-twin pair associations of extraversion with
two definitions of chronic fatigue

Figure 3a) Chronic fatigue of 6 months or longer

Figure 3b) CFS-like illness
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Table 2
Means and standard deviations for Emotional Instability and Extraversion by fatigue<break/>definition and
zygosity
Chronic fatigue of 6 months Lai
or fonger CFSlikeillness
Cases Controls Cases Controls

MZ n =214 MZn=99 MZn=148 MZn=133
DZ n=94 DZ n=51 DZ n = 66 DZ n=65

Emotional I nstability

MZ Twins, mean (SD) 56 (11) 56 (11) 55 (11) 56 (11)

DZ Twins, mean (SD) 58 (11) 52 (10) 59 (10) 53 (10)
Extraversion

MZ Twins, mean (SD) 44 (13) 49 (10) 43 (13) 49 (11)

DZ Twins, mean (SD) 44 (11) 52 (9) 44 (11) 51 (9)

CFS = chronic fatigue syndrome; MZ = monozygotic; DZ = dizygotic; SD = standard deviation
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