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I

Background: A recent report showed that Australian veterans of the 1991 Gulf War displayed a greater
prevalence of a multitude of self-reported symptoms than a randomly sampled comparison group of
military personnel who were eligible for deployment but were not deployed to the Gulf.
Aims: To investigate whether the pattern, rather than frequency, of symptom reporting in these Australian
Gulf War veterans differed from that of the comparison group personnel.
Methods: Factor analysis was used to determine whether the co-occurrence of 62 symptoms in 1322 male
Gulf War veterans can be explained by a number of underlying dimensions, called factors. The
methodology was also applied to 1459 male comparison group subjects and the factor solutions of the two
groups were compared.
Results: For the Gulf War veterans, a three factor solution displayed replicability and construct validity.
The three factors were labelled as psycho-physiological distress, somatic distress, and arthroneuromuscular distress, and were broadly similar to those described in previous studies of Gulf War
veterans. A concordant three factor solution was also found for the comparison group subjects, with strong
convergence of the factor loadings and factor scores across the two groups being displayed.
Conclusion: Results did not display evidence of a unique pattern of self-reported symptoms among Gulf
War veterans. Results also indicated that the differences between the groups lie in the degrees of
expression of the three underlying factors, consistent with the well documented evidence of increased selfreported symptom prevalence in Gulf War veterans.

n the 1991 Gulf War, Australia deployed 1871 troops to the
Gulf area as part of a larger multinational response to the
invasion of Kuwait by Iraq. As reported in our companion
paper,1 we found that self-reported symptoms were more
commonly reported in Australian veterans of the 1991 Gulf
War than in a randomly sampled comparison group of
military personnel who did not deploy to that conflict. Our
findings were consistent with the results of several other
studies of Gulf War veterans from the USA, UK, Denmark,
and Canada (full references are provided in the companion
paper1). In addition to this finding of increased prevalence, it
is possible that the pattern of the self-reported symptoms, as
reflected in their co-occurrence, is different between the two
groups. In order to investigate whether such patterns differed
between the Gulf War veterans and the comparison group,
we used a technique known as factor analysis—the methodology and results of that analysis are the focus of this paper.
Developed by psychologists,2 factor analysis was originally
applied to the study of intelligence and personality,3 4
although an early medical application is described by
Andrews.5 Factor analysis may be defined as a ‘‘set of
statistical methods for analysing the correlations among
several variables in order to estimate the number of
fundamental dimensions (factors) that underlie the observed
data and to describe and measure those dimensions’’.6 In the
context of the present study, factor analysis attempts to
determine whether the co-occurrence of self-reported symptoms can be explained by a number of underlying and
unobserved dimensions, known as factors, and whether the
composition of such factors differ between the Gulf War
veteran and comparison groups.
Several studies of 1991 Gulf War veterans have employed
factor analysis in order to ascertain whether there are
collections of symptoms specific to Gulf War veterans. Most
of these studies have included a military comparison group
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whose members did not deploy to the Gulf,7–12 although four
were confined to Gulf War veterans only.13–16 Of the studies
that included comparison groups, all except one found no
important differences in the pattern of self-reported symptoms between the study groups. These studies did not provide
evidence to support the existence of a unique syndrome
among Gulf War veterans beyond the possibility that Gulf
War veterans may lie at different locations on the same
underlying dimensions, when compared to members of the
comparison group. In other words, the veterans may differ in
the frequency of symptoms reported, but not in the patterns
of symptoms. In regard to the only comparison group study
that did find a difference,9 this result was restricted to the
composition of a single factor in a six factor solution. No
other differences were found. It is interesting to note that the
authors’ interpretation and conclusions were questioned by
the journal editor, in a footnote to the published article.9 The
recent report by Shapiro and colleagues12 provides a summary
of the methodology, results, and factors identified in a
majority of the previous studies.
Conventional factor analysis may give misleading results if
it is applied to the type of scales commonly found with
questionnaires. Of the ten 1991 Gulf War factor analytic
studies cited above, nine employed symptom questionnaires
that involved items being scored using binary (‘‘absent’’,
‘‘present’’) or ordinal response scales. The latter type of scale
may be defined as one in which the points are ordered (for
example, according to severity: ‘‘none’’, ‘‘mild’’, ‘‘moderate’’,
Abbreviations: SF-12, 12-item version of the Short-Form Health
Survey; PCS-12, Physical Component Summary scale of the SF-12;
MCS-12, Mental Component Summary scale of the SF-12; TLI, TuckerLewis Index; CFI, comparative fit index; RMSEA, root mean squared
error of approximation; SRMR, standardised root mean squared
residual
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Using factor analysis, three identifiable factors were
extracted to represent the pattern of symptom reporting
in Australian 1991 Gulf War veterans.
A similar pattern of symptom reporting was found in a
comparison group of non-deployed military personnel
of that era, thereby not supporting the existence of a
pattern of self-reported symptoms unique to Gulf War
veterans.
Despite the above similarity in the pattern of symptom
reporting, the Gulf War veterans displayed a markedly
more extreme degree of expression of the three
underlying factors.

‘‘severe’’), but not necessarily equally spaced and not
assigned numerical scores. None of the nine studies’
published results used factor analytic techniques specifically
intended for binary or ordinal scales, such as those discussed
by Muthen,17 although one study11 did perform these
techniques as a check on their published results and arrived
at essentially the same findings (Ismail et al, personal
communication May 2002).
As factor analysis may be seen as the regression of
responses to items on one or more unobserved (latent)
variables,18 the problems arising from employing binary or
ordinal dependent variables are readily apparent and mirror
those associated with regression with observed predictors.
Although the practice is not uncommon, the use of Pearson
product-moment correlations calculated on binary or ordinal
data can diminish the ability to detect the latent structure of
such variables. Two responses may reflect the same latent
construct, but have differing response distributions due to
their location on this construct. One response may reflect a
low or mild level of the construct while the other response
may reflect a higher or more severe form. In this situation, a
Pearson correlation will underestimate the true association of
the two variables and its use in factor analysis may result in
what have been referred to in the literature as ‘‘difficulty
factors’’.19
The present paper investigates whether there are any
differences in the co-occurrence or pattern of self-reported
symptoms between Australian 1991 Gulf War veterans and a
randomly sampled military comparison group who were not
deployed to the Gulf. Contemporary methods of factor
analysis, specifically intended for ordinally scaled data, are
employed.

METHODS
The study was approved by the Standing Committee on
Ethics in Research Involving Humans at Monash University,
the Australian Government Department of Veterans’ Affairs
Human Research Ethics Committee, and the Australian
Defence Human Research Ethics Committee.
Study population
Details of the study population, sampling scheme, and
symptom questionnaire have been described in detail elsewhere,1 therefore we present only the main aspects here. The
study population was the entire cohort of 1871 Australian
Gulf War veterans. A comparison group of 2924 subjects was
selected as a stratified random sample from 26 411
Australian Defence Force personnel who were in operational
units at the time of the Gulf War, but were not deployed to
that conflict. They were frequency matched to the Gulf War

group by service type, gender, and three-year age band.
Participants, recruited from August 2000 to April 2002,
completed a self-administered postal questionnaire that
included a 63 item self-report symptom questionnaire which
asked about the occurrence of symptoms in the past month
and whether the severity of those symptoms was ‘‘mild’’,
‘‘moderate’’, or ‘‘severe’’, and a health assessment. The
symptom questionnaire was based on that used by the King’s
College Gulf War Illness Research Unit,20 which in turn was
based on the Hopkins Symptom Checklist.21 Due to the very
small number of female veterans, all analyses were limited to
male subjects. A total of 2970 male subjects completed the
symptom questionnaire (1421 Gulf War veterans and 1549
comparison group subjects, representing response rates of
78% and 54%, respectively). The 63 self-reported symptoms
used in this study were screened in order to determine
whether there were any low prevalences that could make the
factor analytic procedures computationally unstable and
unreliable. As part of this process one symptom (seizures in
past month) was omitted from further consideration because
its prevalence was very low, defined as less than 1% (nine
persons in total, 0.3%). Any individuals who were missing
any of the remaining 62 symptom responses were also
excluded, leaving 2781 subjects (1322 Gulf War, 1459
comparison group) for analysis.

Statistical methods
As the response scale for the 62 self-reported symptom
questions to be used in the factor analysis was of an ordinal
(‘‘none’’, ‘‘mild’’, ‘‘moderate’’, ‘‘severe’’) nature, factor
analytic methods appropriate for this type of data,17 involving
polychoric correlations,18 were applied using Mplus statistical
software (version 2.1).22
Factor analysis of polychoric correlations
In brief, although the ordinal response scale for each
symptom has only a small number of discrete points, the
underling factor model23 assumes that each symptom varies
on an underlying continuous scale and each person can be
located on that continuum. Persons located above a certain
threshold on that continuum will endorse the symptom as
being present. When considering multiple response categories—for example, ‘‘none’’, ‘‘mild’’, ‘‘moderate’’,
‘‘severe’’—there is an additional threshold for each transition
between categories. Each underlying continuum is assumed
to follow a Gaussian (that is, ‘‘normal’’) distribution.
Polychoric correlation coefficients are the bivariate correlations between two such underlying continua,18 and are
computed by an iterative procedure24 using the observed
ordinal responses for each pair of individual symptoms.
Recent research with binary responses25 has indicated the
general robustness of polychoric correlations to skewed nonnormal distributions of the underlying continua.
The computation of polychoric correlation coefficients for
pairs of symptoms may encounter difficulties if no individual
has that particular combination of reported symptoms. To
reduce this possibility, cross-tabulations of all pairs of
symptoms were examined and individual symptom categories were combined where theoretically meaningful to do
so, giving either three point or two point scales. In such a
fashion expected cell frequencies of at least one in all cells of
the resulting tables could be ensured. This resulted in 28 selfreported symptom items being recoded to three categories
and 25 items being recoded to two categories, with nine items
retaining their original four point scale.
Exploratory factor analysis was applied to the polychoric
correlation matrix and factor solutions extracted using
diagonally weighted least squares, with a robust estimate of
the covariance matrix of the parameter estimates and a mean
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Methods of factor rotation
A crucial step in any factor analysis is the determination of
the number of factors to retain for rotation, in order that an
interpretable solution may be found.23 In our study, this step
involved examination of the eigenvalues (which can be
thought of as the amount of variation accounted for by each
factor) of the polychoric correlation matrix, the percentage of
the total variance explained by each possible number of
factors and the associated scree plot (defined below), the
reproducibility of the factors, and the clinical meaningfulness
of the factors extracted. Two forms of factor rotation were
applied to each factor solution:23 26 Varimax, which produces
orthogonal or uncorrelated factors, and Promax (with power
constant = 2), which allows factors to be oblique, or
correlated with each other. An arbitrary but conventional
threshold of 0.40 for the factor loadings was applied when
interpreting and providing brief descriptive labels for the
factors.
Method of assessing factor reproducibility
The reproducibility of the factor solution is highly important,
as extracting more than the required number of factors may
lead to extraction of ‘‘noise’’ that is specific to a particular
sample. The resulting factor structure may therefore not be
replicable in other samples, or even in samples from the same
population.27 To assess the reproducibility of our obtained
factor solutions, the Gulf War veteran group was randomly
split in half. Subsequently two, three, and four factor
solutions were obtained for each half, and the congruence
of the solutions for the two halves were assessed via Pearson
product-moment and one-way random-effects intra-class
correlation coefficients28 of the factor loadings, with the
latter providing a more direct measure of reproducibility.29 As
the two types of correlation coefficient produced almost
identical results, only the Pearson correlations are reported.
Method of factor validation
Factor scores were computed for each individual for each of
the obtained factors using the iterative factor scoring
procedure as implemented in the Mplus software.22 These
scores estimate quantitatively where each individual lies on
each of the dimensions tapped by the factors. The construct
validity30 of the obtained solution was assessed by correlating
the factor scores with the Physical and Mental Component
Summary scales (PCS-12 and MCS-12) of the 12 item version
of the Short-Form Health Survey (SF-12).31 Internal consistency of each of the factors was assessed using Cronbach’s
coefficient alpha,30 32 based on unit weighting (item weights
set to one) for the items with loadings greater than 0.40 in
each factor.
Two different methods were employed to assess whether a
similar factor structure existed in the comparison group. The
principal method employed an exploratory factor analysis of
the comparison group using the same methods and rotation
as described above for the Gulf War veterans. Congruence of
the factor loadings for each factor between the Gulf War and
comparison group was assessed using intra-class correlation
coefficients. Factor scores were computed for each of the
factors for the comparison group subjects using both the
factor solution from the comparison group, and also the
factor solution obtained from the Gulf War group. These
scores were then correlated with each other, with a high
correlation providing evidence of similarity of the factor
structure underlying the symptom patterns observed in the

www.occenvmed.com

two groups. A similar method has been employed in a
previous study of Gulf War veterans.8
The second method of investigating factor structure
similarity involved a more formal assessment of the
invariance of the obtained solution across the Gulf War and
comparison groups.33 This was performed by implementing a
two-group structural equation model23 and assessing its
goodness of fit. This model for each group allowed the
factors to be correlated with each other, loaded all symptoms
on all factors, and constrained the loadings, covariance
structure, scale, and threshold parameters so as to be equal
across groups. This constrained model also enabled the
difference in the mean amount of each of the obtained factors
between the two groups to be computed. Differences in
means were rescaled into units of standard deviations (that
is, effect sizes34) of the factors. For comparison purposes, an
additional model was fit which relaxed the constraints of
equality of factor loadings across groups. The fit of these
models to the symptom data was assessed with conventional
goodness of fit indices, together with recent guidelines for
their interpretation.35

RESULTS
Gulf War veteran group
Exploratory factor analysis of the 1322 Gulf War veterans
with complete data on the 62 symptoms yielded 41.1% of the
total variance accounted for by the first factor. The second
through fifth factors contributed incremental amounts of
3.3%, 2.7%, 1.9%, and 1.7% respectively, yielding 47.1% of the
variance explained by three factors, and 50.7% of the variance
explained by five factors. Accordingly, examination of the
‘‘scree plot’’,36 a plot with eigenvalues on the vertical axis and
factor numbers (for example, the first factor extracted,
second, third, fourth, and so on) on the horizontal axis,
showed a very large or dominant first factor with possible
minor contributions from a further two factors. The remaining factors appeared to be ‘‘scree’’, a geological term denoting
debris or litter. The above analyses indicated that additional
factors beyond three contributed very little to explaining the
variance of the patterns of symptom reporting. There were 13
factors with eigenvalues greater than one and hence met
Kaiser’s criterion,23 which is commonly used but typically
overestimates the required number of factors in situations
with large numbers of items.36
Varimax and Promax rotations were applied to the two,
three, and four factor solutions. The Promax solutions
provided more distinct and interpretable factor solutions
than did the orthogonal Varimax rotations, and indicated
that the underlying factors were moderately correlated. Interfactor correlations for the three factor solution were 0.52,
0.47, and 0.44 between factors 1 and 2, 1 and 3, and 2 and 3,
respectively, meaning that persons with a greater than
average amount of one factor tended to have greater than
average amounts of the other factors.
Factor reproducibility
The assessment of the reproducibility of two, three, and four
factor Promax solutions using the two randomly split halves
of the Gulf War veteran data indicated that the two and three
factor solutions each displayed the same symptoms dominating the loadings on each factor in each split-half. The Pearson
product moment correlations between the symptom loadings
of the factors across the two split-halves for the two factor
solution were 0.78 and 0.86. For the three factor solution
these correlations were 0.78, 0.85, and 0.66. The four factor
solution displayed reproducibility for only two of its factors
(correlations 0.71 and 0.73), with the remaining two factors
not being defined consistently by dominant symptoms across
split-halves (correlations ranging from 20.19 to 0.57 across
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and variance corrected x2 statistic. This was implemented
using the WLSMV estimation method in the MPlus software.22
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Factor validity and reliability
The construct validity of the three factors was supported by
computing the Pearson product-moment correlation between
the factor scores computed from the three factor model and
the physical and mental health summary subscale scores of
the SF-12. Table 2 presents the resulting correlations.
All correlations were negative, moderate to large in
magnitude, and highly statistically significant (p , 0.0001).
The negative correlation indicates that the higher the location
of each factor a person possesses, the lower the SF-12 score,
indicating poorer health. Factor 1 has both physiological and
psychological components and accordingly correlates moderately with both the physical and mental SF-12 subscales.
Factor 2, cognitive distress, correlates more highly with the
SF-12 mental subscale than the physical subscale, while for
factor 3, arthro-neuromuscular distress, the reverse is the
case.
Assessment of internal consistency, with unit weights
applied to items with loadings greater than 0.40 within each
factor, produced Cronbach’s coefficient alphas of 0.85, 0.93,
and 0.82 for factors 1, 2, and 3 respectively, indicating
satisfactory internal consistency. The coefficient alphas could
not be improved by deleting any item from any factor.
Comparison group
An exploratory factor analysis was carried out in the
comparison group subjects using the same methodology as
for the Gulf War veterans in order to assess the similarity or
otherwise of the underlying factor structure. The three factor
Promax solution displayed very substantial concordance with
that of the Gulf War veterans, and is presented in the right
hand column of table 1. The inter-factor correlations for the
comparison group were 0.48, 0.43, and 0.49 between factors 1
and 2, 1 and 3, and 2 and 3, respectively. The eigenvalues and
scree plot for the comparison group subjects essentially
reproduced those found for the Gulf War veteran data. The
intra-class correlations between the factor loadings of each
factor between the two groups were 0.94, 0.97, and 0.96 for
factors 1, 2, and 3 respectively, indicating substantial
similarity of factor structure. The factor scores computed
for the comparison group subjects were likewise extremely
similar to the scores for these subjects computed using the
Gulf War factor analysis solution, with intra-class correla-

tions of 0.98, 0.98, and 0.99 for factors 1, 2, and 3
respectively.
The assessment of the adequacy of the fit of the two group
structural equation models used the following indices (with
abbreviations and recommended thresholds for adequate
fit35): Tucker-Lewis Index (TLI, .0.95), comparative fit index
(CFI, .0.95), root mean squared error of approximation
(RMSEA, ,0.06), and standardised root mean squared
residual (SRMR, ,0.08). The first three indices are overall
measures of model fit which penalise the model in various
ways for the number of parameters being estimated. The
fourth index (SRMR) compares observed and estimated
polychoric correlations without any penalty for the number of
parameters estimated, and as such will always decrease in
value as model complexity increases. The results for the fully
constrained model displayed an adequate fit (TLI = 0.98,
CFI = 0.98, RMSEA = 0.033, SRMR = 0.071). The model with
factor loadings not constrained to be equal across groups
displayed an inferior fit (TLI = 0.98, CFI = 0.92,
RMSEA = 0.036, SRMR = 0.062) due to the unnecessary
estimation of separate loadings for each group when a
common loading would have sufficed. For the constrained
model, the estimated differences in the mean amount of each
of the three factors between the Gulf War and comparison
groups, expressed in units of effect size, were 0.32 (psychophysiological), 0.40 (cognitive), and 0.16 (arthro-neuromuscular). The first two effect sizes are between a medium (0.50)
and a small (0.20) effect size as defined by Cohen.34 For all
three factors, the Gulf War veterans displayed higher scores
(more extreme levels of each factor) than the comparison
group, and these differences were statistically significant
(p , 0.003).

DISCUSSION
In our study involving the factor analysis of symptoms
reported by Australian Gulf War veterans, a reproducible
factor solution with three moderately correlated factors was
identified for the latent structure underlying the pattern of
symptom reporting. A similar three factor solution was found
for the comparison group subjects. This suggests that the
underlying factors affecting patterns of symptom reporting in
the Gulf War veterans are unlikely to be different from those
of the comparison group subjects.
Our finding does not support the existence of a unique
pattern of symptoms affecting Gulf War veterans only, and is
consistent with the results of five of the six previous studies
of Gulf War veterans in which a comparison group was used
in the research design.7 8 10–12 The other study9 reported
similar three, four, and five factor solutions between Gulf
War and comparison groups, but reported a difference in the
composition of one factor in their six factor solution—an
interpretation that has been disputed.9
We have labelled the three factors identified in the Gulf
War and comparison group subjects in this study as
psychophysiological distress, cognitive distress, and arthroneuromuscular distress. These factors display some similarity
with those from each of the previous ten studies (six with a
comparison group,7–12 and four without a comparison group13–16).
Exact comparisons involving these studies are difficult
because of the use of different symptom questionnaires. Of
the three factors in our results, the cognitive distress factor
is the most reproducible across studies, with nine of the
ten studies producing a similar factor. Most studies have
also produced either a musculoskeletal factor or a
neurological factor, with three studies13 15 16 also reporting
a combination factor similar to that found in our study. Other
studies10 13 have reported various somatic factors similar to
components of the psychophysiological distress factor
described here. Interestingly, the similarity of our results
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the four possible pairings of the remaining two factors in
each split-half). As the three factor solution provided
interpretable factors in addition to its amount of explained
variance and reproducibility, it was adopted as the best
representation of the symptom pattern in the Gulf War
veterans.
The factor loadings in the Gulf War veteran sample
(n = 1322) are displayed in the central panel of table 1. The
ordering of symptoms in the table is determined by the size of
the coefficients within each of the three factors, and
coefficients greater than 0.40 are presented in bold type.
To assist with factor interpretation, brief descriptive labels
are suggested, based on the patterns of loadings within each
factor. These labels are not intended to reflect clinical
diagnoses. The first factor involves symptoms of psychophysiological distress, is labelled as such, and explains 23.7%
of the total variance. The second factor involves adverse
cognitive symptoms and is labelled ‘‘cognitive distress’’; it
explains 25.2% of the variance. The third factor involves
arthritic, muscular, and neurological symptoms and is
labelled ‘‘arthro-neuromuscular’’ distress; it explains 10.8%
of the variance. Due to the correlation between the factors,
there is a total overlap of 12.6% in explained variance, divided
into an overlap of 7.1% between factors 1 and 2, 2.7%
between 1 and 3, and 2.8% between factors 2 and 3.
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Gulf War veterans

Comparison group

Symptom

Factor 1
(Psy-phys)*

Factor 2
(Cogn)

Factor 3
(A-N-M) `

Factor 1
(Psy-phys)*

Factor 2
(Cogn)

Factor 3
(A-N-M) `

Vomiting
Nausea
Stomach cramps
Diarrhoea
Wheezing
Indigestion
Shortness of breath
Dry mouth
Feeling feverish
Swelling of lymph glands
Lump in throat
Persistent cough
Pain on passing urine
Constipation
Difficulty speaking
Dizziness, fainting, or blackouts
Loss of balance or coordination
Sore throat
Flatulence/burping
Loss control bladder/bowels
Burning in sex organs
Skin ulcers
Loss of, or decrease in, appetite
Loss of concentration
Feeling distant from others
Unrefreshed after sleep
Forgetfulness
Loss of interest in sex
Sleeping difficulties
Avoiding things/situations
Feeling jumpy or easily startled
Problems sexual functioning
Distressing dreams
Fatigue
Irritability or outbursts of anger
Difficulty finding right word
Feeling disorientated
Increased sensitivity to noise
Shaking
Increased sensitivity to light
Increased sensitivity to smells/odours
Stiffness in several joints
Pain in several joints (no swelling or redness)
General muscle aches/pains
Loss sensation hands/feet
Low back pain
Tingling/burning in hands/feet
Ringing in the ears
Rash or skin irritation
Itchy or painful eyes
Night sweats that soak sheets
Unintended weight gain .4 kg
Chest pain
Toothache
Skin infections e.g. boils
Mouth ulcers
Rapid or pounding heart beat
Double vision
Intolerance to alcohol
Headaches
Passing urine more often
Unintended weight loss .4 kg

80
79
70
64
61
60
58
54
54
49
49
49
47
45
44
44
44
43
43
43
41
40
40
10
11
–5
9
9
3
20
26
7
15
1
14
17
33
22
34
29
17
6
4
19
22
15
24
24
22
26
23
23
35
37
25
23
37
27
32
30
32
34

–11
3
1
3
4
–4
14
19
17
3
9
17
24
16
46
30
35
–1
12
26
26
14
42
80
78
74
73
69
69
69
65
65
65
65
64
59
58
52
46
43
41
5
10
4
18
11
19
22
21
24
36
22
19
1
15
7
33
38
37
26
32
32

–10
–1
1
–6
1
13
12
12
15
16
11
–3
1
9
2
7
19
9
14
–6
8
9
–2
5
–3
28
4
–2
16
5
2
–1
7
30
5
9
5
5
4
11
14
88
81
67
48
45
43
20
19
18
17
17
17
15
14
13
13
12
10
9
9
0

81
67
51
58
61
40
46
48
67
51
56
61
31
21
27
39
39
51
31
38
31
51
46
12
8
–17
15
12
–12
9
13
15
19
–4
8
19
38
32
30
40
24
6
2
9
27
3
26
14
26
28
34
15
35
26
24
21
37
34
26
22
35
30

–8
19
11
7
–4
12
18
22
13
2
–11
–9
29
21
49
35
43
–4
14
32
40
17
37
79
81
79
71
55
71
72
65
51
61
68
63
64
59
42
39
31
42
–1
2
14
11
13
15
21
11
19
33
31
18
12
9
2
33
34
41
27
25
40

11
–4
11
–2
2
14
15
1
8
15
10
0
9
12
–2
8
14
–1
16
21
15
6
–3
3
–5
25
–2
13
24
9
6
20
3
22
9
–2
–4
13
11
9
9
91
84
60
52
56
43
28
18
20
19
16
23
10
25
13
5
1
6
16
14
–17

Coefficients greater than 0.40 are presented in bold type.
*The label given to factor 1 is ‘‘psychophysiological distress’’.
The label given to factor 2 is ‘‘cognitive distress’’.
`The label given to factor 3 is ‘‘arthro-neuromuscular distress’’.

with those of other studies has occurred despite methodological differences between studies in factor analytic estimation
methods employed, factor loading threshold values, response
scales, sample sizes, and participation rates.
The correlation between these three factors and the mental
and physical subscales of the SF-12 gives some insight into
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their characteristics. The cognitive distress factor (factor 2)
most clearly differentiated between these two dimensions.
The items in the second factor are similar to many of the
symptoms of post-traumatic stress disorder,37 and a body of
work has now shown the abnormalities in working memory
or other cognitive processes, associated with this disorder.38
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Table 1 Factor loadings (pattern coefficients) 6100 among the Gulf War veterans (n = 1322) and comparison group subjects
(n = 1459)
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Scale

Factor 1
(psychophysiological)

Factor 2
(cognitive)

Factor 3
(arthro-neuromuscular)

SF-12 mental
SF-12 physical

20.44
20.47

20.73
20.37

20.31
20.55

The Pearson correlation between SF-12 mental and physical subscale scores was 0.09.

The third factor, arthro-neuromuscular distress, had the
strongest correlation with the SF-12 physical subscale,
suggesting that this component was mostly accounted for
by somatic processes. In contrast, the first factor, involving
items including gastrointestinal, respiratory, and genitourinary symptoms, appeared to be equally attributable to
physical and psychological pathophysiological elements.
Hence the three factor solution suggests that the health
outcomes of both the Gulf War and comparison group
subjects are best accounted for by a complex amalgam of
somatic and psychological processes. It would seem unlikely
that there exists a simple agent specific to Gulf War veterans
that could explain such intertwining of the somatic and
psychological symptoms.
The analysis of self-reported symptoms in our companion
paper1 indicated increased prevalences for all 62 symptoms
among Gulf War veterans relative to comparison group
subjects. The constrained two group structural equation
model in the present paper identified three factors underlying
these symptoms, with the Gulf War veterans possessing
statistically significant increased amounts of each of these
three factors relative to the comparison group. These two
findings are consistent, as according to the factor analysis
model the elevated amounts of each factor are postulated to
explain the increased symptom prevalences in Gulf War
veterans.
As mentioned earlier, nine of the ten previous Gulf War
factor analytic studies employed symptom questionnaires
using an ordinal or binary response scale for each symptom
item, but used conventional methods of factor analysis not
specifically intended for such scales. Performing an exploratory factor analysis on the Gulf War veteran data in the
present study, and treating the ordinal data as if they were
interval, the use of Pearson correlations produced attenuated
correlation coefficients, as might be expected.39 Despite this,
three broadly similar factors to those presented here
emerged. However, the explained variance from the three
factors was reduced (28%), as were the sizes of the factor
loadings. It is therefore plausible that other studies using
such methods may also have attenuated loadings, and a
clearer factor structure may have emerged had methods for
ordinal data been applied.
As argued above, we believe that a three factor solution
extracts the maximum number of dimensions that can be
identified reliably in the data. However, we also computed
four, five, and six factor solutions in order to assess whether
our data support the existence of the cluster of four
symptoms (blurred vision, loss of balance/dizziness, speech
difficulty, and tremors/shaking) reported by Kang and
colleagues9 as being present in their sample of Gulf War
veterans but not in their comparison group. Using a loading
threshold of 0.30 adopted by Kang and colleagues,9 for each
of the four, five, and six factor solutions, our analyses
indicated that all four symptoms loaded on one of the factors
in our sample of Gulf War veterans (with some cross-loading
on other factors). However, unlike Kang and colleagues,9 all
symptoms also correspondingly loaded on a single factor in
the comparison group for each of these solutions. Therefore

our data do not provide support for this cluster of four
symptoms as being unique to Gulf War veterans.
Any factor analysis involves a number of analytic decisions
(for example, the number of factors to retain), as detailed
above. Potential limitations of the analysis outlined in the
present paper include non-participation bias among the
comparison group subjects, information bias among Gulf
War veterans, and non-randomly missing symptom data. It is
possible, although purely speculative, that the pattern of
symptom reporting among comparison group non-participants differs from that of participants, in which case
differences in the underlying factor structures of Gulf War
veterans and comparison group subjects may arise. It is also
possible that the media coverage given to the health problems
of Gulf War veterans may have influenced their patterns of
symptom reporting.40 However, our finding that the comparison group exhibited a very similar pattern of reporting does
not support this possibility. It appears more likely that any
information bias may only be affecting the frequency and
severity rather than the pattern of symptom reporting. The
percentage of subjects excluded from the factor analysis due
to missing symptom item responses was low (7.0% Gulf War,
5.8% comparison group). Although individuals with missing
symptom data tended to have a higher rate of symptom
reporting than individuals with complete data, this occurred
in both groups. This latter finding, together with the overall
low percentage of missing data, indicates that missing data is
unlikely to have influenced our results in any more than a
minor way.
While symptom patterns may be found to be similar in two
populations, different underlying illnesses may produce these
similar symptom patterns (for example, influenza and the
common cold both resulting in runny nose and fever). So, as
is pointed out by Ferguson,41 the presence or absence of
separate illnesses with different causative agents in two
different populations cannot be determined solely from the
factor analysis of self-reported symptoms. Although we
cannot rule out such a phenomenon in this study, we do
not consider it very plausible given the large number of
symptoms incorporated into the factor analysis model and
the breadth of the symptomatology covered.
Evidence against the existence of a unique symptom
complex among Gulf War veterans is also provided by the
results of cluster analytic studies7 42 involving Gulf War
veterans. Whereas factor analysis is concerned with the
similarity and co-occurrence of symptoms themselves, cluster
analysis is generally concerned with the grouping of
individuals into subgroups or clusters, based on similar
profiles or patterns of symptoms.42 43 Six clusters were found
by Cherry and colleagues,7 and five by Everitt and colleagues;42 however there were no substantially sized clusters
that were predominantly or exclusively made up of Gulf War
veterans, suggesting that there was not a clinical profile of
symptoms that was unique to Gulf War veterans.
In conclusion, using factor analytic methods devised
specifically for ordinal scaled data, we found that the pattern
of self-reported symptoms did not differ between 1991 male
Australian Gulf War veterans and a military comparison
group not deployed to the Gulf. This finding casts doubt on
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the existence of a symptom complex that is unique to
Australian Gulf War veterans, and accords with the results of
the majority of previous studies using other factor analytic
methods. However, our results also indicated that Gulf War
veterans displayed a more extreme degree of expression of
three underlying dimensions relative to the comparison
group, consistent with the vast body of accumulated evidence
from many studies of the increased self-reported symptom
prevalence among Gulf War veterans.

Forbes, McKenzie, Mackinnon, et al

