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Relationship between disabling fatigue

and depression in children

Genetic study

TOM A. FOWLER, FRANCES RICE, ANITA THAPAR and ANNE FARMER

Background Medically unexplained
disabling fatigue in young people is familial
and frequently associated with depressed
mood.

Aims To examine the degree of sharing
of genetic and environmental influences on
the symptoms of depression and fatigue in

this age group.

Method The parents of twins aged 8—
|7 years, derived from a population-based
register, completed a questionnaire
regarding lifetime-ever disabling fatigue in
both twins. Twins aged || years or over
completed the Mood and Feelings
Questionnaire. The genetic and
environmental influences on fatigue and
the relationship with depression were
examined using bivariate genetic analysis.

Results Parent-rated data were
obtained for 1468 twin pairs (65%) and
self-rated data from 930 older twin pairs
(58%). Bivariate analysis of fatigue and
depression suggested that genetic and
environmental influences on disabling

fatigue were mainly specific to fatigue.

Conclusions Unexplained disabling
fatigue in childhood is substantially familial
and has mainly an independent aetiology

from depression.
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Chronic fatigue in young people can be dis-
abling and is the main illness-related reason
for prolonged absence from school (Dow-
sett & Colby, 1997). Despite this, to date
there has only been one study that has spe-
cifically examined the genetic aetiology of
disabling fatigue in children (Farmer et al,
1999). Symptoms of disabling fatigue and
depression commonly co-occur (Marshall,
1999; Garralda & Rangel, 2002), and stu-
dies have shown that children suffering
from chronic fatigue syndrome have signif-
icantly higher rates of depression than those
with other chronic illness (Walford et al,
1993; Carter et al, 1999; Brace et al,
2000). Consequently, it is important to ex-
amine whether the co-occurrence of these
two disorders arises because of shared ge-
netic and/or environmental influences. We
set out to examine the genetic and environ-
mental aetiology of disabling fatigue and its
relationship with depressive symptoms,
using a twin study design.

METHOD

Participants

The participants were identified from the
Cardiff Study of All Wales and North West
of England Twins (CASTANET), a
population-based twin register covering
two geographical areas, South Wales
(Scourfield et al, 1999) and nine health
districts in Greater Manchester and
Lancashire (Thapar et al, 2000). Earlier
studies have shown the register to be
representative of the local population
(Thapar & McGuffin, 1994; Scourfield et
al, 1999; Thapar et al, 2000).

The study design included some twin
pairs (n=439) from South Wales who parti-
cipated in the earlier study on fatigue by
Farmer and colleagues (1999). However,
our analyses were based on data obtained
from a population-based extended sample
of twins, the majority of whom had not
previously been studied, and the focus is
on comorbidity with depression.
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Initially 2259 twin pairs, aged 8-17
years, were identified from the register if
their current addresses could be verified
through a British Telecommunications tele-
phone database and/or the electoral role.
Of these, 656 twin pairs were aged between
8 and 10 years and 1603 were aged be-
tween 11 and 17 years. The general practi-
tioners (GPs) of all the twins were first
approached to check for any contraindica-
tions to contact by the study team. Twins
who had emigrated and pairs where one
twin had died or suffered from a serious ill-
ness or was no longer living in the same
household were excluded (n=34). Twin fa-
milies who did not wish to take part were
also excluded (n=19).

Measures

The parents of all twins were sent question-
naires by post, with three reminders. As
there is evidence that self-reports of depres-
sion are not valid in children under the age
of 11 years (Meltzer et al, 2000), self-
ratings were obtained for children over the
age of 11 years (adolescents) only. Zygosity
was assigned using a standard twin similar-
ity questionnaire that has been shown to
have over 90% accuracy in distinguishing
between monozygotic and dizygotic twins
(Cohen et al, 1975). A questionnaire mea-
sure of environmental sharing was also in-
cluded (Loehlin & Nichols, 1976). This
consisted of items asking, for example,
whether the twins dressed the same or
shared the same friends, and was used to
test the equal environment assumption that
underlies twin analyses.

Fatigue was rated by asking parents if
there had ever been a period of fatigue last-
ing several days or weeks where a twin felt
very tired and was unable to go to school,
college, work or out. If the response to this
was ‘yes’, parents were asked to indicate
how long the fatigue had lasted on a 5-
point scale:

1. a few days of disabling fatigue;

2. more than 1 week but less than 1 month
of disabling fatigue;

3. more than 1 month but less than 3
months of disabling fatigue;

4. more than 3 months but less than 6
months of disabling fatigue;

5. 6 months or more of disabling fatigue.

This is the measure of disabling fatigue
used by Farmer et al (1999). All analyses
were conducted using parental report of
fatigue in the twins.
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With regard to the validity of the
measure of disabling fatigue, the parents
of all individuals for whom there had been
reported fatigue of more than 1 week were
asked to complete a telephone interview
about the period of fatigue. Questions were
asked about the duration of the fatigue and
associated characteristics, including those
symptoms also necessary for a diagnosis
of chronic fatigue syndrome (Fukuda et al,
1994). The nature and degree of impair-
ment associated with the fatigue were as-
sessed by enquiring about whether the
twin needed to rest for at least 1 h daily spe-
cifically because of fatigue, and whether
there was interference with school atten-
dance and/or usual leisure activities and
with family and peer relationships. To be
classed as having disabling fatigue, the twin
was required to need to rest for at least 1h
daily and for there to be a report of some
interference in at least one of these life
areas. A more detailed description of the
composition of this interview is reported
elsewhere (Farmer et al, 2004; Fowler et
al, 2005).

Of those parents who agreed to take
part (78%), all confirmed the questionnaire
report of a period of disabling fatigue that
lasted at least 1 week and was disabling
and impairing in at least one of the follow-
ing areas: family interactions, social inter-
actions and school. The
demographic characteristics of this group
resembled those of clinical samples of chil-

associated

dren with chronic fatigue syndrome (Farmer
et al, 2004; Fowler et al, 2005). This sug-
gests that the questions on fatigue were as-
sessing disabling fatigue in children and
adolescents.

Because of the effects of categorical
analysis, and the rarity of disabling fatigue
when defined in its more extreme state,
analysis was only undertaken for disabling
fatigue of more than 1 week (short duration
of fatigue) and for disabling fatigue of more
than 1 month (prolonged fatigue). These
cut points had the advantage of having been
used previously in behavioural genetic re-
search on fatigue in both children (Farmer
et al, 1999) and adults (Hickie et al,
1999; Sullivan et al, 2003). Furthermore,
Fukuda and colleagues (1994), when pro-
posing a framework for examining fatigue
as a disorder (which includes the definition
of chronic fatigue syndrome), also pro-
posed a broad category of disabling fatigue
of greater than 1 month (prolonged fati-
gue). There is evidence from the interview
data that using broader definitions for
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disabling fatigue is still clinically relevant.
No significant difference in terms of im-
pairment, comorbidity with depression,
male : female ratio, age of onset and days
per week affected was found between indi-
viduals who just fulfilled the broader defi-
nitions of disabling fatigue and those who
fulfilled the criteria for chronic fatigue
syndrome (Fowler et al, 2005).
Self-reports of depressive symptoms
were used and depression was rated using
the long version of the Mood and Feelings
Questionnaire (MFQ; Costello & Angold,
1988). The MFQ is a 34-item questionnaire
that has been well validated in community-
based samples (Cooper & Goodyer, 1993;
Wood et al, 1995). Each item is rated on
a three-point scale (0, never; 1, sometimes;
2 often) and a total score is obtained by
summing each item score. Individuals were
asked to score each item with regard to
how they had been feeling in the previous
3 months. No reliability or validity data
for the MFQ were collected on this sample.
However, previous reports from the
CASTANET cohort have shown validity
of the MFQ with diagnoses of depressive
disorder derived from the Child and Ado-
lescent Psychiatric Assessment (CAPA;
Thapar & McGuffin, 1998) and stability
of MFQ symptoms over a 3-year period
(Pearson’s r=0.5) (Scourfield et al, 2003).

Genetic analyses
Univariate models

A liability threshold model of disabling fati-
gue was assumed whereby the liability to
disabling fatigue is considered as normally,
or approximately normally, distributed
in the population, and only those above a
certain threshold of liability display the
symptoms of fatigue (Falconer, 1965).
Tetrochoric correlations and concordance
rates were calculated initially to assess ge-
netic and environmental influences on dis-
abling fatigue as defined by increasingly
more stringent periods of disabling fatigue.
Monozygotic twins share 100% of their
genes in common, whereas dizygotic twins
share on average 50%. Thus, for geneti-
cally influenced disorders, we would expect
higher monozygotic than dizygotic correla-
tions. Standard univariate analysis using
contingency tables and the maximum likeli-
hood fit function, assuming bivariate nor-
mal liability, were undertaken using the
structural equation modelling programme
Mx (Neale, 1999). This estimated the con-
tribution of additive genetic (A), shared
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environment (C) and non-shared environ-
ment (E) to the variance of liability of
disabling fatigue. This analysis was further
extended by fitting a general-effects
gender-limitation model, a common-effects
gender-limitation model and gender-
homogeneity model to test for possible
gender differences in aetiology (Neale &
Cardon, 1992). By comparing a general-
gender-limitation model to a
common-effects gender-limitation model it

is possible to test whether there are distinct

effects

genetic influences in males and females.
By comparing the common-effects gender-
limitation model to a gender-homogeneity
model (which equates the separate male
and female estimates), it is possible to test
whether there are significant differences in
the magnitude of the influences on the
underlying aetiology of the disorder in
males and females.

Bivariate models examining fatigue
and depression

We set out to examine whether there are
distinct genetic and environmental influ-
ences on disabling fatigue that are separate
from those contributing to depression. A bi-
variate Cholesky decomposition allows this
to be tested and has been used to do so in
adults with disabling fatigue (Hickie et al,
1999). By placing depression first in the
analysis, the first latent factors A1, C1
and E1 (Fig.1) load on both variables,
and the second latent factors A2, C2 and
E2 load specifically on disabling fatigue.
This allows the examination of the extent
to which a common set of genetic and
environmental factors account for the
covariation between the two phenotypes:
disabling fatigue and depression.

In this analysis, depression was also
treated as a continuum of liability. As this
type of analysis requires a certain number
of twins in each category, the depression
scores were grouped into six categories, as
this was the maximum number of equally
sized categories that ensured at least one
individual in each category. As previous
analysis of the depression data (Rice et al,
2002) demonstrated the importance of
shared environment, it was hypothesised
that shared environmental factors might
be important in the covariation between
disabling fatigue and depression. However,
in bivariate analyses where the same infor-
mant rates both variables, shared method
variance could explain a finding of shared
contributing  to

environmental factors
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Depression

Short-
duration
fatigue

Fig.l Path diagram showing latent genetic and environmental influences on twin-rated depression and parent-

rated short-duration fatigue. A, additive genetic; C, shared environment; E, non-shared environment;

*significant at P=0.05. Standardised path coefficients are provided. These must be squared to obtain

proportions of variance of the measured variable accounted for the latent variable.

covariance (Rutter et al, 2001). To avoid
such a confound, bivariate analysis was un-
dertaken across rater using parental ratings
of disabling fatigue and twin self-ratings of
depression.

For the bivariate analysis, a raw data
analysis approach was taken. This allows
information from twin pairs with missing
data to be included in the analysis by esti-
mating the missing values. This is particu-
larly useful in multivariate analysis, where
missing values can substantially reduce the
sample size. Conventional tests of fit are
not appropriate for this type of analysis;
however, as the relative difference in the
fit of minus twice the log-likelihood be-
tween submodels is distributed as 2, it is
possible to compare the bivariate model to
a perfect-fitting model in which there are
no constraints. This perfect-fitting model
is also referred to as a saturated model. If
the bivariate model is not significantly dif-
ferent from this saturated model, it repre-
sents a good fit of the data (Rijsdijk et al,
2003).

RESULTS

Response rate and sample
characteristics

Parent-rated questionnaires were returned
for 1468 pairs of twins, representing a
response rate of 65% of these returned
questionnaires, 1052 were for twins aged
between 11 and 17 years. Of the 1603
twins aged between 11 and 17 years, who
were asked also to complete self-report
questionnaires, 930 (58%) returned them.
Parent-report suggested 129 individuals
(monozygotic=53, dizygotic=73, zygosity
unassigned=3) could be categorised as

suffering from short duration of fatigue
and 73
dizygotic=435, zygosity unassigned=2) from
prolonged fatigue. The mean self-rated
MFQ scores for the twins was 11.26
(s.d.=9.89) for monozygotic twins and
11.90 (s.d.=10.28) for dizygotic twins
(Rice et al, 2002).

Of the individuals for whom parental

individuals (monozygotic=26,

interview data were available (i.e. 77% of
all individuals classed as suffering from
disabling fatigue in the genetic analysis),
approximately two-thirds were female
(67%), the average age of onset for the
fatigue was 11 years and 3 months and,
although the majority did not fulfil the
duration criteria for chronic fatigue syn-
drome, 80% had four or more associated
symptoms also required for that diagnosis
(Fukuda et al, 1994). There was no signifi-
cant difference in any of these characteris-
tics between those who were classed as
suffering from short-duration fatigue and
those classed as suffering from prolonged
fatigue. There was a significant difference
(t=—1.97, P=0.05) between MFQ scores
for individuals categorised as suffering
from  short-duration  fatigue  only
(mean=15.31, s.d.=10.16) and those who
suffered from prolonged fatigue (mean
=20.54, 5.d.=14.05).

There were no significant differences
between those who replied and those
who did not, in terms of ecological
socio-demographic indices that could be
obtained by comparing the postcodes of
responders and non-responders (t=1.71,
P=0.09). Social class information was
available only for the Manchester twins.
For these twins, the percentage of families
from the various social class groups (I, II,
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I, IV, V) were in keeping with those ex-
pected from the Manchester population
(Public Health Common Data Set, 1993;
Rice et al, 2002).

Environmental sharing

Monozygotic twins scored significantly
higher on the environmental sharing
(t=17.62, P=0.01), but this did not ac-
count for the monozygotic similarity in
short-duration fatigue (OR=0.935, 95%
CI 0.747-1.169, P=0.553) or prolonged
fatigue (OR=0.946, 95% CI 0.670-1.336,
P=0.752), nor did it account for the depres-
sion scores (R?=0.003, F=2.866, P=0.091)
(Rice ez al, 2002).

Genetic analysis
Univariate analysis

The concordance rates for short-duration
fatigue were monozygotic=35%, dizygotic
=14%; the tetrachoric correlations were
monozygotic=0.66 (95% CI 0.45-0.83),
dizygotic=0.33 (95% CI 0.07-0.56). For
prolonged fatigue the concordance rates
were monozygotic=25%, dizygotic=19%;
the tetrachoric correlations were mono-
zygotic=0.62  (95% CI  0.27-0.85)
dizygotic=0.50 (95% CI 0.20-0.72).

The tetrachoric correlations for the
data suggest that there is an important ad-
ditive genetic component (A) for short-
duration fatigue. The similar monozygotic
and dizygotic tetrachoric correlation coeffi-
cients for prolonged fatigue suggest an in-
crease in the importance of the shared
environmental contribution. This is con-
firmed by the model fitting. ACE models
were fitted to the data, as shown in Table
1; full models with confidence intervals
are reported. For short-duration fatigue,
genetic factors contributed the most and
the shared environmental contribution
was estimated at zero. For prolonged fati-
gue the full ACE model showed mainly en-
vironmental influences but modest genetic
variance (25%). There was no significant
difference between the general gender-
limitation model and the common gender-
limitation model for either short-duration
fatigue (Ay%,=0.01) or prolonged fatigue
(Ax*=0.19), suggesting no gender-specific
genetic influences. Neither was there a sig-
nificant difference between the common
gender-limitation models and the gender-
homogeneity (short-duration
fatigue, Ayx%,=0.90; prolonged fatigue,
Ay?=4.28), suggesting no

models

gender
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Table I Univariate genetic model-fitting for parent-rated short-duration fatigue and prolonged fatigue using full and nested models

Threshold of a? c e? Ve d.f. P AIC

disabling fatigue (95% Cl) (95% CI) (95% CI)

Short-duration fatigue
ACE model 0.67 (0.04-0.82) 0.00 (0.00—-0.51) 0.33 (0.18-0.55) 1.10 2 0.58 —2.90
AE model 0.67 (0.47-0.82) [0] 0.33 (0.18-0.53) 1.10 3 0.78 —4.90
CE model [0] 0.50 (0.33-0.65) 0.50 (0.35-0.67) 5.43 3 0.14 —0.58
E model [0] [0] 1.00 (1.00-1.00) 34.80 4 0.00 26.80

Prolonged fatigue
ACE model 0.25 (0.00-0.84) 0.37 (0.00-0.71) 0.38 (0.15-0.66) 1.41 2 0.49 —2.59
AE model 0.69 (0.41-0.87) [0] 0.31 (0.13-0.59) 2.74 3 0.43 —-3.27
CE model [0] 0.55(0.33-0.72) 0.45 (0.28-0.67) 1.77 3 0.62 —4.22
E model [0] [0] 1.00 (1.00-1.00) 2243 4 0.00 14.43

A, additive genetic; C, shared environment; E, non-shared environment; a2, additive genetic variance; c? shared environmental variance; e2, non-shared environmental variance; [0],
parameter set at zero; d.f. degrees of freedom; AIC, Akaike’s information criterion (Akaike, 1987).

differences in the magnitude of the genetic
and environmental influences.

Bivariate analysis

As previous work suggests a gender differ-
ence for twin-rated depression (Rice et al,
2002) MFQ scores were first standardised
according to gender.

As statistical power is affected by the
categorical data and the relatively small
with disabling
fatigue, full models are reported with
confidence intervals.

number of individuals

Short-duration fatigue

The phenotypic correlation between short-
duration fatigue and depression was rela-
tively small (polychoric correlation=0.28).
The Cholesky decomposition for three
sources of variance-additive genetics (A),
shared environment (C) and non-shared
environment (E) (Fig. 1), when compared
with a saturated model was not signifi-
cantly different (Ay*s=3.87) suggesting the
model was a good fit. The majority of the
variance in disabling fatigue appeared to
be distinct from that of depression
(Table 2, Fig. 1) with only 22% of the var-
iance of disabling fatigue explained by fac-
tors common to both phenotypes. Of that
22%, shared environment accounted for
the largest proportion of variance (13%),
with genetic factors explaining only 8%.

Prolonged fatigue

The phenotypic correlation between pro-
longed fatigue and depression (polychoric
correlation=0.30) was slightly higher than
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that between short-duration fatigue and de-
pression. For disabling fatigue defined as
greater than 1 month, a much higher per-
centage of the variance was explained by
factors common to both disabling fatigue
and depression (46%). The fit of the model
was not significantly worse than the satu-
rated model (Ay%,=7.01). Full models with
confidence intervals are reported (Table 2,
Fig.2). Just over half of the variance was
specific to disabling fatigue (54%). Of the
remaining variance, shared environment
largest proportion
(36%), with genetic factors accounting for
28%.

Cross-rater analyses were undertaken to
control for the possibility of shared rater
effect.
analysis of parent-rated fatigue and parent-
rated depression showed that the majority
of the variance for both short-duration

accounted for the

Additional within-rater bivariate

fatigue and prolonged fatigue was specific
to the fatigue (76% and 63% respectively).
The remaining variance was accounted
for by environmental factors (both shared
and non-shared), with genetic factors

accounting for a negligible amount
(<1%).
DISCUSSION

This investigation has examined the genetic
and environmental influences on disabling
fatigue, using a community sample of
2259 twin pairs aged 8-17 years. It has also
examined the overlap between disabling
fatigue and depression in those twin pairs
(1052) aged 11-17 years.
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The genetic aetiology
of disabling fatigue

The results suggest that the aetiology of
short-duration fatigue in children and
adolescents is heritable (67%). In addition,
the present results suggest that prolonged
fatigue is familial. These findings are in ac-
cordance with earlier findings on a smaller
sample of twins reported by Farmer and
colleagues (1999), which suggested dis-
abling fatigue of greater than 1 week and
disabling fatigue of greater than 1 month
were both familial.

The results of the genetic analysis
suggest that shared environment plays a
more important role in prolonged fatigue
than in the genetic aetiology of short-
duration fatigue. This raises the question
as to why there is an increase in the
influence of shared
prolonged fatigue. It may be that indivi-
duals who are classed as experiencing a

environment in

short period of fatigue have a propensity
to being fatigued and that this is a geneti-
cally influenced trait. On the other hand,
those with prolonged fatigue more resemble
individuals with a specific disorder that
may have a greater variety of aetiological
factors.

Gender differences in aetiology

Interestingly, no significant differences in
the magnitude of genetic and environmen-
tal effects between the genders were found.
This is despite reports of clinical samples of
chronic fatigue syndrome (Marshall, 1999;
Garralda & Rangel, 2002), in which there
is generally a preponderance of females,
which suggest

might aetiological
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Table 2 Bivariate genetic model-fitting for twin-rated depression and parent-rated disabling fatigue using full models

Threshold of Phenotype Cl El A2 C2 E2 Difference in fit
disabling fatigue (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl) from
saturated model
Ay
Short-duration Depression 0.59 0.00 0.41 3.87
fatigue (0.37-0.66)*  (0.00-0.17)  (0.34-0.50)*
Disabling fatigue 0.08 0.13 0.01 0.52 0.00 0.26
(0.00-0.21) (0.00-0.63)  (0.00-0.07) (0.00-0.80) (0.00-0.63)  (0.11-0.49)*
Prolonged fatigue Depression 0.59 0.00 0.41 701
(0.37-0.63)*  (0.00-0.17)  (0.34-0.49)*
Disabling fatigue 0.11 0.34 0.01 0.30 0.00 0.24
(0.00-0.28) (0.00-0.75)  (0.00—0.09) (0.00-0.81)  (0.00-0.70)  (0.09-0.51)*

Standardised parameter estimates for the sources of variation in liability to depression and disabling fatigue are provided.

Al, A2, additive genetic variance; Cl, C2, shared environmental variance; El, E2, non-shared environmental variance.

*P<0.05.

Depression

0.03

Prolonged
fatigue

Fig.2 Path diagram showing latent genetic and environmental influences on twin-rated depression and

parent-rated prolonged fatigue. A, additive genetic; C, shared environment; E, non-shared environment;

*significant at P=0.05. Standardised path coefficients are provided. These must be squared to obtain

proportions of variance of the measured variable accounted for the latent variable.

differences between males and females.
However, in view of the relatively large
confidence intervals reported from the
univariate analysis, these results should be
interpreted with caution.

The relationship between
fatigue and depression

The bivariate analyses suggest that for the
more extreme definition of disabling fatigue
there are greater shared aetiological influ-
ences with depression. However, for both
short-duration  fatigue and prolonged
fatigue, the majority of the genetic and en-
vironmental variance is specific to disabling
fatigue and distinct from depression. This
suggests that fatigued states in children

should be considered as valid entities in their

own right and not as variants of depression.
Hickie et al (1999) also found evidence that
implies depression has a distinct aetiology
from disabling fatigue of greater than 1
month, in a sample consisting of twins over
the age of 50 years. Thus, a similar pattern
for the aetiology of chronic fatigue has been
found at both extremes of the life span.
Williamson et al (2005), in an analysis of
sibling pairs (aged 20-55 years) also
suggested that a substantial proportion of
both familial and environmental aspects of
the aetiology of fatigue were specific to
fatigue.

Perhaps one of the most interesting
findings was that, of the aetiology common
to both phenotypes, shared environment
had the greatest influence on disabling fa-
tigue lasting at least 1 month. In standard
bivariate genetic analysis, shared-method
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variance owing to the same rater reporting
on both phenotypes may be partitioned into
shared environmental effects. What is so
striking in our study is that, since the
analysis was cross-rater, this could not
explain the shared environmental findings.
As interview data had been collected on
parental opinion as to the causes of the dis-
abling fatigue and on parental report of
GPs’ explanation as to the cause of the dis-
abling fatigue, this was also examined. Viral
infection was the most common explanation
of the fatigue, given by GPs when consulted.
Viral infections were also an important
cause according to parents, as was stress
caused by a negative life event (Farmer et
al, 2004). These negative life events
consisted of such things as parents splitting
up, parental illness or death, school exams,
increased workload at school or moving
schools: life events that were probably
shared by both twins. It should, however,
be noted that these events may impact differ-
ently on each twin. Although viral infections
are not thought to be necessary or sufficient
to cause disabling fatigue, they have been
implicated as possible triggers (Garralda &
Rangel, 2002). Individuals with chronic
fatigue syndrome also appear to show high-
er levels of stressful life events just before the
onset of the disorder (Hatcher & House,
2003). Considering that these are also risk
factors for depression in young people (e.g.,
Goodyer et al, 1993; Monroe et al, 1999), it
is possible that the increase in the importance
of shared environment may be owing to the
impact of viral illness and shared life events
on making both twins more vulnerable to
prolonged fatigue and depression.
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Seeing that the results from the genetic
analysis suggest that shared environment
may be more important in people with
longer periods of fatigue, future research
should concentrate on both environmental
and genetic risk factors. In view of the poss-
ible importance of shared life events and vir-
al infections in explaining the relationship
between fatigue and depression, both longi-
tudinal and prospective studies examining
these factors are called for, it also seems
plausible that, in part, the high levels of de-
pression seen may be the person’s response
to a disabling disorder. The most appropri-
ate method with which to test this would
be longitudinal genetically sensitive studies.
These would examine the direction of the re-
lationship between fatigue and depression
and whether the relationship is owing to
shared genetic and environmental risk
factors.

In summary, disabling fatigue and
depression co-occur but appear to have
distinct

genetic and  environmental

aetiologies.

Limitations

There are a number of limitations to this
study. First, for the bivariate analysis, the
measure of disabling fatigue was lifetime-
ever, whereas the MFQ measured depres-
sive symptoms in the previous 3 months.
This is likely to have reduced the comor-
bidity between depression symptoms and
disabling fatigue, and may have led to an
underestimate  of  shared
factors. However, there is longitudinal
evidence from within the twin sample that
levels of depressive symptoms are relatively

aetiological

stable over time, with a correlation of 0.5
between depression scores collected 3 years
previously and the present wave of data
collection (Scourfield et al, 2003). Further-
more, over 40% of parents interviewed
reported that their child’s fatigue was on-
going at the time of interview (and there-
fore current). As the depression section of
the parent version of the Child and
Adolescent Psychiatric Assessment (CAPA;
Angold & Costello, 2000) was also under-
taken, a measure of depressive symptoms
during the disabling fatigue was available.
There was no significant difference in the
correlation coefficients between the twins
MEQ scores and the number of depressive
symptoms during the period of fatigue for
those with ongoing disabling fatigue
(r=0.44) and those who previously suffered
from disabling fatigue (r=0.45) (Fisher
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z=0.47, P=0.33). The small numbers avail-
able precluded any model fitting for those
individuals currently fatigued, but cross-
twin cross-trait polychoric correlations
were approximately the same for those
currently fatigued and those previously
suffering from fatigue. Although it is almost
certain that the differences in time scale of
the measures for disabling fatigue and
depressive symptoms will lead to an under-
estimate of the phenotypic correlation, the
evidence from the interview data suggests
that this is likely to have been a small effect.

Second, the measure of disabling fati-
gue was based on self-report questionnaire
data and was therefore fairly broad and im-
precise. In what ways the measure relates to
the clinical definition of chronic fatigue
syndrome remains uncertain, although the
interview data do suggest that it represents
a fairly good indication of disabling fatigue.

Third, the study represents a partial re-
sampling of those contacted originally in
the Farmer et al (1999) paper and therefore
is not entirely independent. Nonetheless, it
does represent a new wave of data collec-
tion, and the twin register has been mark-
edly increased by combining the original
South Wales register with the Greater Man-
chester twin register. The results from a re-
analysis of univariate data excluding the
twins previously sampled gave broadly the
same results but with larger confidence in-
tervals. This study has also undertaken
further analyses, namely the examination
of the genetic contribution to gender differ-
ences in fatigue and the bivariate analysis of
depression and fatigue.

Finally, because of the categorical nat-
ure of the data, the analyses have almost
certainly lacked power. This is reflected in
the wide confidence intervals in both uni-
variate and bivariate analyses.

REFERENCES

Akaike, H. (1987) Factor analysis and AIC.
Psychometrika, 52, 317-332.

Angold, A. & Costello, E. ). (2000) The Child and
Adolescent Psychiatric Assessment (CAPA). Journal of
the American Academy of Child and Adolescent Psychiatry,
39, 39-48.

Brace, M. )., Scott Smith, M., McCauley, E., et al
(2000) Family reinforcement of iliness behavior: a
comparison of adolescents with chronic fatigue
syndrome, juvenile arthritis, and healthy controls. Journal
of Developmental and Behavioural Pediatrics, 2l,

332-339.

Carter, B. D., Kronenberger,W. G., Edwards, }. F.,
et al (1999) Psychological symptoms in chronic fatigue
and juvenile rheumatoid arthritis. Pediatrics, 103,
975-979.

https://doi.org/10.1192/bjp.bp.105.011379 Published online by Cambridge University Press

Cohen, D. }., Dibble, E., Grawe, }. M., et al (1975)
Reliably separating identical from fraternal twins.
Archives of General Psychiatry, 32, 1371—1375.

Cooper, P. ). & Goodyer, I. (1993) A community study
of depression in adolescent girls. I: estimates of
symptoms and syndrome prevalence. British Journal of
Psychiatry. 163, 369-374.

Costello, E. ). & Angold, A. (1988) Scales to assess
child and adolescent depression: checklists, screens, and
nets. Journal of the American Academy of Child and
Adolescent Psychiatry, 27, 726-737.

Dowsett, E. G. & Colby, J. (1997) Long term sickness
absence due to ME/CFS in UK schools: an
epidemiological study with medical and educational
implications. Journal of Chronic Fatigue Syndrome, 3,
29-42.

Falconer, D. S. (1965) The inheritance of liability to
certain diseases, estimated from the incidence among
relatives. Annals of Human Genetics, 29, 51-76.

Farmer, A., Scourfield, }., Martin, N., et al (1999)
Is disabling fatigue in childhood influenced by genes?
Psychological Medicine, 29, 279-282.

Farmer, A., Fowler, T., Scourfield, }., et al (2004)
Prevalence of chronic disabling fatigue in children and
adolescents. British Journal of Psychiatry, 184,
477-48.

Fowler, T., Duthie, P., Thapar, A., et al (2005) The
definition of disabling fatigue in children and adolescents.
BMC Family Practice, 6, 33.

Fukuda, K., Straus, S. E., Hickie, ., et al (1994) The
chronic fatigue syndrome: a comprehensive approach to
its definition and study. International Chronic Fatigue
Syndrome Study Group. Anndls of Internal Medicine, 12I,
953-959.

Garralda, M. E. & Rangel, L. (2002) Annotation:
chronic fatigue syndrome in children and adolescents.
Journal of Child Psychology and Psychiatry, 43,

169—176.

Goodyer, I. M., Cooper, P. J.,Vize, C. M,, et al (1993)
Depression in [1-16 year old girls: the role of past
parental psychopathology and exposure to recent life
events. Journal of Child Psychology and Psychiatry, 37,
1103—1115.

Hatcher, S. & House, A. (2003) Life events, difficulties
and dilemmas in the onset of chronic fatigue syndrome: a
case—control study. Psychological Medicine, 33,
1185—1192.

Hickie, 1., Kirk, K. & Martin, N. (1999) Unique
genetic and environmental determinants of prolonged
fatigue: a twin study. Psychological Medicine, 29,
259-268.

Loehlin, R. & Nichols, R. C. (1976) Heredity,
Environment and Persondlity. Austin, TX: University of
Texas Press.

Marshall, G. S. (1999) Report of a workshop on the
epidemiology, natural history and pathogenesis of
chronic fatigue syndrome in adolescents. journal of
Pediatrics, 134, 395-405.

Meltzer, H., Gatward, R., Goodman, R., et al (2000)
Mental Health of Children and Adolescents in Great Britain.
London: TSO (The Stationery Office).

Monroe, S. M,, Rohde, P, Seeley, }. R., et al (1999)
Life events and depression in adolescence: relationship
loss as a prospective risk factor for first onset of major
depressive disorder. Journal of Abnormal Psychology, 108,
606-614.

Neale, M. C. (1999) MX: Statistical Modelling.
Richmond, VA: Department of Psychiatry, Medical
College of Virginia.


https://doi.org/10.1192/bjp.bp.105.011379

Neale, M. C. & Cardon, L. R. (1992) Methodology for
Genetic Studies of Twins and Families. Dordrecht: Kluwer
Academic Publishers.

Public Health Common Data Set (1993) Guildford,
UK: Institute of Public Health, University of Surrey.

Rice, F.,, Harold, G. T. & Thapar, A. (2002) Assessing
the effects of age, sex and shared environment on the
genetic aetiology of depression in childhood and
adolescence. Journal of Child Psychology and Psychiatry, 43,
10391051

Rijsdijk, F.V., Snieder, H., Ormel, J., et al (2003)
Genetic and environmental influences on psychological
distress in the population: General Health
Questionnaires analyses in UK twins. Psychological
Medicine, 33, 793-80l.

Rutter, M., Pickles, A., Murray, R., et al (2001)
Testing hypotheses on specific environmental causal
effects on behavior. Psychological Bulletin, 127,
291-23.

Scourfield, )., Martin, N., Lewis, G., et al (1999)
Heritability of social cognitive skills in children and
adolescents. British Journal of Psychiatry, 175,
559-564.

Scourfield, }., Rice, F.,, Thapar, A., et al (2003)
Depressive symptoms in children and adolescents:
changing aetiological influences with development.
Journal of Child Psychology and Psychiatry, 44,
968-976.

FATIGUE AND DEPRESSION IN CHILDREN

TOM A. FOWLER, PhD, FRANCES RICE, PhD, ANITATHAPAR, PhD, MRCPsych, Department of Psychological
Medicine, Cardiff University, UK; ANNE FARMER, FRCPsych, MRC Social, Genetic, Developmental Psychiatric

Research Centre, Institute of Psychiatry, London, UK

Correspondence: DrTom Fowler, Section of Child and Adolescent Psychiatry, Department of
Psychological Medicine, Cardiff University, Heath Park, Cardiff, Wales CFl4 4XN, UK. Email:

fowlerta@cardiff.ac.uk

(First received 23 March 2005, final revision 4 November 2005, accepted | December 2005)

Sullivan, P. F, Kovalenko, P, York, T. P, et al (2003)
Fatigue in a community sample of twins. Psychological
Medicine, 33, 263-28l.

Thapar, A. & McGuffin, P. (1994) A twin study of
depressive symptoms in childhood. British Journal of
Psychiatry, 165, 259—265.

Thapar, A. & McGuffin, P. (1998) Validity of the
shortened Mood and Feelings Questionnaire in a
community sample of children and adolescents: a
preliminary research note. Psychiatry Research, 8l,
259-268.

Thapar, A., Harrington, R., Ross, K., et al (2000)
Does the definition of ADHD affect heritability? Journal
of the American Academy of Child and Adolescent
Psychiatry, 39, 1528—1536.

https://doi.org/10.1192/bjp.bp.105.011379 Published online by Cambridge University Press

Walford, G. A., Nelson, W. M. & McCluskey, D. R.
(1993) Fatigue, depression, and social adjustment in
chronic fatigue syndrome. Archives of Disease in
Childhood, 68, 384-388.

Williamson, R. }., Purcell, S., Sterne, A., et al (2005)
The relationship of fatigue to mental and physical health
in a community sample. Social Psychiatry and Psychiatric
Epidemiology, 40, 126—132.

Wood, A, Kroll, L., Moore, A., et al (1995)
Properties of the Mood and Feelings Questionnaire in
adolescent psychiatric outpatients — A research note.
Journal of Child Psychology and Psychiatry, 36,

327-334.

253


https://doi.org/10.1192/bjp.bp.105.011379

