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We examined the cumulative prevalences of 22 symptoms thought to reflect immune system
function repor ted in a questionnai re mai led to 7616 Austral ian twins. The associations between
symptoms and demographic var iables were expressed in terms of polychor ic or  polyser ial
correlations, and a pr incipal  components analysis per formed. Factors representing under lying
propensi ties respectively to al lergic disease, var ious minor  infections, diseases associated wi th
aging such as ar thr i tis, sk in disease, and respi ratory tract infection were extracted. Possible
processes under lying these symptom clusters and the relative strengths and weaknesses of this
type of analysis are discussed.
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Introduction

Exploratory epidemiological  studies often throw up
large numbers of possible interassociations between
categorical  variables which ideal ly should be looked
at in an ‘objective’ manner. Usual ly, associations
between such variables are expressed in terms of an
odds ratio, and in the case of mul tiple variables can
be examined by log-l inear model l ing or discriminant
analysis. These approaches have advantages, but can
be unwieldy where relationships between large
numbers of variables are to be summarised. In this
paper we present a di fferent approach – that of factor
analysis of tetrachoric correlations – which is more
uti l ised in the social  sciences. We have used this to
try and simpl i fy the relationships between the
prevalences of 22 common symptoms as reported in
a large questionnai re survey of Austral ian twins,
wi th a view to performing later genetic epidemio-
logical  analyses. These symptoms were included in
the questionnai re as possibly reflecting di fferent
aspects of immune system function.

Model

The threshold model  is one of the older models for
the analysis of count data.

1
It assumes that a given

variable, recorded as a number of categories, in the
simplest case present or absent, represents an under-

lying latent continuous variable (in the psycho-
metric l i terature often cal led the response strength).
When this latent variable exceeds a given threshold,
the indicator or observed variable enters the asso-
ciated category:

x=0 i f x*�t; x=1 i f x*�t (1)

where x = observed variable; x* = underlying latent
variable; t = threshold value estimable from
Pr(x = 1). In the mul ti factorial  genetic model , the
latent variable is the l iabi l i ty to a disease or trai t, and
can be shown to correspond to a continuous cumu-
lative risk function rising to uni ty at the l imi t.

2
It is

thus simi lar to the concept of frai l ty or susceptibi l i ty
used in l i fe table analysis.

3

Relationships between the discrete observed varia-
bles are interpreted in terms of equivalent relation-
ships between the (antecedent) continuous latent
variables. In the tradi tional  approach, which we
have fol lowed in this analysis, the latent variables
are assumed to conform to a mul tivariate Gaussian
distribution, an assumption for which some tests are
avai lable.

4
More recent extensions to theory al low

this assumption to be relaxed,
5,6

but are computa-
tional ly demanding.

In the dichotomous case, the proportion affected
wi th a disease is used to estimate the threshold or
cut-off z-score on the normal  curve between normals
and diseased (and i ts SE). A second trai t or disease is
then examined in the same way. The concordance of
the two diseases in individuals is expressed as a
tetrachoric correlation coefficient, that is the max-
imum l ikel ihood (ML) estimate of the Pearsonian
correlation between the two latent variables (under
the assumption of bivariate normal i ty). This is
estimated by solving:
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where ab,c,d are the usual  cel ls of the 2 � 2 table in
which a is the number concordant for the endpoints
in question, and N = a + b + c + d. One expression
for asymptotic standard error of r (which is biased
below N = 200
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In the case of data where more than two categories
are measured, a polychoric correlation (the ML
extension of Eq 2) can be estimated,

6,8
whi le poly-

serial  correlation coefficients can be derived in cases
where one variable is ordinal  and the other con-
tinuous. An advantage of the case of the polychoric
correlation is that the goodness of fi t of the threshold
model  to the observed data is easi ly tested. The
tetrachoric correlation can also be shown to be
relatable to other correlation models for the 2x2
table.9,10

The correlations so calculated can then be exam-
ined by conventional  (Ordinary Least Squares, OLS)
factor analysis, or as al luded to earl ier, by various
Weighted Least Squares (WLS) or ML approaches.
The theory behind factor analysis is considerable,
and wel l  covered in standard textbooks,

11
and wi l l

not be enlarged on here. However, Muthen,
12

notes
that the resul ts obtained by the OLS approach to
factor analysis for larger numbers of dichotomous
variables are usual ly simi lar to those of the GLS
approach.

Subjects and Methods

In the period from November 1980 to March 1982 a
questionnai re was mai led to the 5967 pai rs of tw ins
over the age of 18 years registered wi th the Austra-
l ian National  Heal th and Medical  Research Counci l
Twin Registry. These pai rs were volunteers who had
been recrui ted through schools, communi ty groups
and by media advertising throughout Austral ia. Of
this group, 3808 twin pai rs returned completed
questionnai res (a pai rwise response rate of 64%).
There was an individual  response rate of 75%,
suggesting l i ttle concordance for non-response.

The questionnai re was lengthy and included i tems
on age, sex, zygosi ty, bi rth order, tobacco use,
psychological  trai ts, and a number of physical  and
psychiatric symptoms. Zygosi ty of tw ins was diag-
nosed by response to two i tems, supplemented in
ambiguous cases by examination of photographs

Table 1 Estimated tetrachoric/polyserial  correlation matrix for individuals of each sex. Asymptotic standard errors of correlations for
males range from 0.02 to 0.09 (mean 0.04). For females 0.01 to 0.06 (mean 0.03). Male values above diagonal , female values below diagonal

Males (N =2742)

Age Migraine Other head Sore throat Cold sore Flu EBV Hayfever Sinus Bronchitis Asthma

Age – 0.06 –0.22 –0.28 0.11 0.10 –0.15 –0.03 0.04 0.00 –0.03
Migraine 0.00 – –0.08 0.03 0.08 0.12 0.14 0.11 0.22 0.14 0.09
Other head –0.16 0.03 – 0.58 0.17 0.39 0.09 0.18 0.18 0.25 0.09
Sore throat 0.19 0.13 0.59 – 0.24 0.56 0.12 0.16 0.19 0.41 0.12
Cold sore 0.11 0.18 0.22 0.32 – 0.19 0.04 0.00 0.07 0.13 0.06
Flu 0.16 0.12 0.39 0.51 0.29 – 0.11 0.19 0.23 0.39 0.15
EBV –0.14 –0.02 0.14 0.16 0.09 0.09 – 0.14 0.11 0.17 0.09
Hayfever –0.04 0.05 0.22 0.21 0.06 0.23 0.09 – 0.45 0.25 0.52
Sinus 0.02 0.14 0.23 0.22 0.12 0.23 0.06 0.47 – 0.32 0.27
Bronchi tis 0.06 0.17 0.13 0.42 0.15 0.35 0.22 0.29 0.35 – 0.54
Asthma –0.06 0.06 0.06 0.13 0.06 0.16 0.18 0.52 0.31 0.45 –
Pneumonia 0.22 0.12 0.06 0.16 0.14 0.29 0.15 0.09 0.15 0.32 0.22
Warts –0.09 0.12 0.29 0.32 0.19 0.26 0.08 0.15 0.15 0.21 0.10
Boi ls 0.04 0.18 0.29 0.36 0.22 0.32 0.07 0.15 0.14 0.24 0.07
Psoriasis 0.16 –0.06 0.13 0.02 0.11 0.19 0.15 0.00 0.00 0.11 0.13
Eczema 0.06 0.05 0.13 0.11 0.12 0.19 0.12 0.17 0.15 0.l8 0.29
Other skin 0.04 0.13 0.22 0.19 0.20 0.18 0.14 0.09 0.18 0.24 0.10
Dust al l –0.05 0.06 0.22 0.21 0.08 0.18 0.09 0.70 0.42 0.27 0.58
Food al l 0.00 0.11 0.22 0.19 0.12 0.25 0.21 0.35 0.21 0.31 0.32
Other al l –0.05 0.11 0.18 0.22 0.10 0.21 0.13 0.41 0.25 0.27 0.32
Sti ff joints 0.23 0.20 0.14 0.14 0.22 0.19 –0.02 0.12 0.16 0.21 0.11
Arthri tis 0.49 0.16 –0.03 –0.02 0.16 0.18 0.02 0.09 0.15 0.17 0.08
UTI 0.21 0.17 0.14 0.10 0.16 0.21 0.09 0.05 0.18 0.22 0.03
Smoker 0.18 0.07 –0.11 –0.06 0.08 0.05 0.01 –0.07 0.07 0.16 0.07
ALC FREQ –0.05 0.00 0.00 –0.01 –0.05 –0.04 –0.03 –0.04 –0.09 –0.07 –0.09

Age Migraine Other head Sore throat Cold sore Flu EBV Hayfever Sinus Bronchi tis Asthma

Females (N=4869)
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sent in by the twins. This method has been shown to
be at least 95% accurate in several  other studies.

13,14

For the present analysis of intra-individual  pheno-
typic associations, we have ignored the genetic
relatedness of the twins, except as a convenient
method to spl i t the sample to examine the rel iabi l i ty
of the factors generated.

The physical  symptom checkl ist was prefaced:
‘How OFTEN have you had any of the fol lowing?’
and included 22 diagnoses and symptoms such as
‘Hay fever’, ‘Asthma or wheezing’, ‘Sti ff joints’.
Responses fel l  into four categories: ‘Never’, ‘Only as
a chi ld’, ‘Rarely’, ‘Qui te often’. For the purposes of
the present analysis, these last three responses have
been combined into ‘Ever’ versus ‘Never’. As a
number of subjects had left occasional  i tems from
the checkl ist blank, the overal l  response to the 22
i tem physical  symptom checkl ist was examined.
This revealed that only 19/7616 individuals had left
the table enti rely uncompleted and that many
respondents had only fi l led out the posi tive i tems
that referred to them and left the remainder blank. It
was therefore decided to score al l  blank responses as
‘Never’. As a check, prevalences and correlations
including the blanks as ‘Never’ and then as missing
values were calculated. Only smal l  di fferences were
found.

Tobacco use is included as a dichotomous variable
– ever smoked versus never smoked. Frequency of
alcohol  consumption is entered as a seven point
scale: (1) every day; (2) 3–4 times per week; (3) tw ice
a week; (4) once a week; (5) once or tw ice a month;
(6) less frequently; and (7) never.

In addi tion to physical  symptoms, we also exam-
ined scores from the seven i tem depression and
anxiety subscales of the Delusions–Symptoms–
States Inventory,15

and the Neuroticism scale of the
Eysenck Personal i ty Questionnai re.

16
Highest educa-

tional  achievement was also included and was
measured on a seven point scale. Surprisingly, these
were not significantly associated wi th reporting of
any of the physical  symptoms, and have not been
included in the analyses presented.

Polychoric/polyserial  correlation matrices were
generated using the program PRELIS

6
(see Table1),

and then an OLS principal  components analysis
(PCA) was performed using SPSS Factor

17
to extract

the components and perform a varimax rotation. We
chose PCA because of i ts ease of interpretation.
Ini tial  analyses were done on the complete sample
including sex and age as variables. Subsequently the
sexes were analysed separately, and then spl i t
samples containing the first born twins or second
born twins. The degree of simi lari ty of the loadings

Table 1 Continued
Males (N =2742)

Pneumonia Warts Boi ls Psoriasis Eczema Other skin Dust al l Food al l Other al l Sti ff joints Arthri tis UTI Smoker ALC
FREQ

0.14 –0.15 –0.09 0.09 –0.13 –0.06 0.00 0.06 –0.02 0.31 0.53 0.18 –0.11 0.03
0.14 0.08 0.13 0.00 0.04 0.10 0.12 0.20 0.15 0.23 0.22 0.19 0.06 0.00

–0.01 0.28 0.31 0.00 0.10 0.25 0.17 0.16 0.24 0.17 0.04 0.16 0.03 –0.05
0.03 0.41 0.42 0.07 0.13 0.26 0.16 0.19 0.27 0.13 –0.01 0.19 0.02 –0.06
0.09 0.07 0.13 0.07 0.05 0.09 0.05 0.09 0.06 0.16 0.14 0.14 0.02 0.00
0.21 0.19 0.29 0.12 0.15 0.19 0.19 0.22 0.21 0.22 0.17 0.22 –0.03 –0.08
0.15 0.09 0.08 0.18 0.07 0.05 0.10 0.08 0.09 0.00 0.04 0.10 0.04 –0.05
0.16 0.11 0.12 0.05 0.22 0.21 0.76 0.37 0.45 0.08 0.06 0.11 –0.06 –0.05
0.15 0.12 0.16 0.08 0.16 0.19 0.43 0.29 0.33 0.19 0.21 0.22 0.05 –0.08
0.34 0.15 0.24 0.06 0.18 0.18 0.29 0.28 0.34 0.18 0.16 0.22 0.13 –0.09
0.29 0.07 0.14 0.07 0.26 0.14 0.62 0.36 0.39 0.09 0.09 0.10 0.04 –0.05

– 0.00 0.06 0.09 0.07 0.05 0.17 0.18 0.18 0.09 0.19 0.19 0.04 –0.03
0.09 – 0.34 0.00 0.07 0.19 0.11 0.13 0.19 0.11 0.05 0.16 0.04 –0.06
0.17 0.42 – 0.08 0.10 0.19 0.15 0.13 0.17 0.16 0.07 0.17 0.02 –0.07
0.23 0.16 0.16 – 0.26 0.07 0.07 0.10 0.00 0.09 0.10 0.13 0.10 –0.04
0.15 0.23 0.21 0.38 – 0.27 0.27 0.28 0.24 –0.01 0.02 0.07 0.01 –0.01
0.10 0.22 0.21 0.19 0.28 – 0.20 0.28 0.38 0.16 0.09 0.12 0.06 –0.07
0.03 0.12 0.09 –0.05 0.26 0.17 – 0.52 0.47 0.12 0.09 0.12 –0.00 –0.03
0.17 0.16 0.17 0.17 0.31 0.25 0.51 – 0.42 0.19 0.18 0.18 0.01 –0.01
0.13 0.15 0.25 0.15 0.24 0.29 0.44 0.48 – 0.16 0.17 0.14 0.01 –0.07
0.19 0.13 0.25 0.09 0.09 0.23 0.19 0.28 0.17 – 0.66 0.29 0.07 –0.04
0.23 0.04 0.16 0.10 0.14 0.19 0.12 0.18 0.15 0.61 – 0.26 0.01 0.00
0.16 0.09 0.20 0.13 0.12 0.19 0.04 0.26 0.13 0.26 0.33 – 0.09 –0.05
0.14 0.04 0.07 0.02 0.03 0.10 0.00 –0.04 –0.07 0.14 0.17 0.09 – 0.35
0.00 –0.03 –0.06 –0.03 –0.01 –0.08 –0.02 –0.03 –0.00 –0.09 –0.05 –0.05 0.38 –

Pneumonia Warts Boi ls Psoriasis Eczema Other skin Dust al l Food al l Other al l Sti ff joints Arthri tis UTI Smoker ALC FREQ
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on each factors extracted in the spl i t samples is
expressed as a congruency coefficient.

11

Resul ts

Prevalences

The l i fetime prevalences for the physical  symptoms
and diseases are l isted in Table2 and Table3. A
number of these i tems exhibi t a roughly constant
l i fetime prevalence across the di fferent age strata
under 65 years of age – that is most individuals who
report these symptoms have experienced them by
the age of 18 years. The drop-off in reporting in the
over-65 age group of a number of condi tions might
represent mortal i ty due to specific condi tions, poor
recal l  or secular trend. The 2:1 predominance of
females over males is a common feature of volunteer
twin studies.

18

Principal components analysis

The factor loadings for females are presented in
Table4 and for males in Table5. These are fai rly
consistent across the sexes, wi th the most important
factor representing atopy or al lergy related i l lnesses
such as asthma. Reported bronchi tis are associated

wi th this factor but pneumonia only weakly
associated.

The second factor (in order of eigenvalue size)
seems to represent vulnerabi l i ty to infection, partic-
ularly vi ral  i l lness. Though orthogonal  (uncorre-
lated) to the ‘atopy’ component, i t is also associated
wi th reported bronchi tis. The thi rd factor is asso-
ciated wi th increasing age, arthri tis, and pneumonia,
and seems to represent the diseases of aging. It is
interesting to note that the signs and magni tudes of
the loadings on this component reflect the trends in
age-specific cumulative prevalences of the particular
i tems.

In females, the fourth factor extracted seems to
embody a separate susceptibi l i ty to respi ratory tract
infection. The fi fth factor represents a variety of skin
diseases. The sixth factor represents the association
between tobacco and alcohol  consumption. It is
weakly associated wi th reporting ever suffering
bronchi tis.

Looking at the responses from the male subjects,
we find the same first six factors, wi th a sl ightly
changed order. Specific points to note are that
cigarette smoking is associated wi th the diseases of
aging, whi le age now crossloads on to the specific
respi ratory tract infection factor. Examination of the
congruency coefficients derived from the spl i t sam-
ple analyses confirms these conclusions about the

Table 2 Li fetime prevalences (%) reported wi thin age cohorts
for females

Symptom or diagnosis <25 y 26–35 36–45 46–55 56–65 >65 y

Migraine/ ‘sick’ 40.9 46.8 53.6 54.3 48.4 39.9
headache

Other headaches 84.4 85.8 81.6 74.9 70.5 59.6
Sore throats 90.4 89.4 80.8 75.7 73.9 70.5
Cold sores (eg on l ip) 37.5 44.2 48.3 50.2 51.8 45.6
Influenza 53.9 65.1 65.9 64.8 66.3 69.4
Glandular fever 10.8 10.8 9.3 5.2 5.4 1.6
Hay fever 30.9 36.0 38.8 35.0 23.8 24.9
Sinus trouble 29.6 43.1 48.9 43.3 34.0 25.9
Bronchi tis (chest cold) 39.1 44.9 46.4 39.0 40.5 43.5
Asthma or wheezing 12.5 12.6 17.8 11.8 9.1 9.3
Pneumonia 8.0 11.1 13.9 15.0 15.6 18.7
Warts on skin 58.3 57.9 50.3 52.6 44.8 32.6
Boi ls or bad pimples 49.2 53.0 50.8 47.0 40.8 32.6
Psoriasis 1.8 3.2 3.7 2.8 2.3 5.7
Eczema 11.2 11.9 12.3 5.4 4.5 5.2
Other skin trouble 18.7 21.7 20.4 16.7 16.4 9.8
Dust al lergy 17.7 20.1 24.9 23.6 15.0 12.4
Food al lergy 8.8 9.4 14.3 14.2 9.1 10.9
Other al lergies 18.0 19.3 22.2 22.5 15.0 8.3
Arthri tis 14.8 18.3 30.8 40.4 43.6 40.9
Sti ff joints in morning 7.0 14.0 28.6 42.9 56.7 59.6
Kidney/bladder 18.0 39.4 43.9 42.9 38.0 33.2

infection
Ever smoked 43.2 43.5 42.3 33.3 33.0 25.9
Drink alcohol  dai ly 1.5 5.8 14.5 15.6 19.9 11.9

Totals (n =4869) 1522 1484 783 534 353 193

Table 3 Li fetime prevalences (%) reported wi thin age cohorts
for males

Symptom or diagnosis <25 y 26–35 36–45 46–55 56–65 >65 y

Migraine/ ‘sick’ 31.8 31.6 36.5 38.0 30.1 25.7
headache

Other headaches 76.4 78.5 77.1 70.2 61.5 49.6
Sore throats 86.4 88.8 84.5 74.0 72.7 69.9
Cold sores (eg on l ip) 39.4 46.6 49.9 52.7 51.7 50.4
Influenza 52.5 64.8 71.1 67.8 76.2 62.8
Glandular fever 11.8 12.3 10.4 5.4 4.2 3.5
Hay fever 29.1 31.6 31.3 29.1 29.4 17.7
Sinus trouble 29.8 36.1 40.1 38.0 32.2 23.0
Bronchi tis (chest cold) 39.6 44.9 49.6 41.5 50.3 47.8
Asthma or wheezing 13.5 16.0 13.6 12.4 11.9 6.2
Pneumonia 6.8 10.7 17.4 16.7 21.0 17.7
Warts on skin 60.3 59.8 59.1 55.0 52.4 44.2
Boi ls or bad pimples 54.7 58.7 64.9 57.4 62.2 58.4
Psoriasis 1.0 2.5 2.2 1.6 6.3 2.7
Eczema 6.1 7.6 9.0 11.6 7.7 5.3
Other skin trouble 16.8 21.8 23.2 19.0 25.2 17.7
Dust al lergy 19.5 20.4 23.4 19.8 13.3 8.8
Food al lergy 5.8 7.1 5.4 5.8 7.7 3.5
Other al lergies 13.6 13.4 11.4 12.8 11.9 8.0
Arthri tis 17.1 21.7 25.9 38.8 32.9 42.5
Sti ff joints in morning 5.4 10.9 17.7 35.3 37.8 54.0
Kidney/bladder 4.7 9.7 9.8 13.2 13.3 16.8

infection
Ever smoked 44.4 51.8 61.2 59.9 69.0 61.9
Drink alcohol  dai ly 4.9 12.0 20.2 22.2 28.9 23.0

Totals (n =2742) 1032 829 367 258 143 113
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first six main groups of physical  symptoms wi thin
the 22 examined.

Discussion

The principal  components derived in this analysis
seemed to be consistent across di fferent groups, and
are easi ly interpreted in terms of various cl inical
enti ties. The first component represents al lergic
disease. Its pattern of loadings suggest that reported
al lergy to dust and hayfever seem to be the most
specific single i tems associated wi th atopy in this
Austral ian group compared wi th asthma for example
(a finding consistent wi th genetic studies

19
). Sel f-

reported eczema (not operational ly defined in the
questionnai re) is only weakly correlated wi th this
component, suggesting that a broad interpretation of
this term was made by the respondents. Bronchi tis
was correlated wi th the other i tems on this compo-
nent, but presumably mainly via asthma as an
intervening variable. This conclusion is supported

by the fact that asthma and bronchi tis loaded
together on to a later component that seemed to
represent lower respi ratory tract disease.

The second major component is interpretable as a
vulnerabi l i ty to a number of minor infections. The
loadings on this component imply that individuals
reporting ever suffering a sore throat (over 80% of
the group) are more l ikely to report headache,
bronchi tis, warts and so on. This may represent a
group of younger, more educated subjects that better
recal l  such common condi tions. But, as mentioned
earl ier, the reporting of any symptoms was not
significantly associated wi th any of the personal i ty
measures examined (loading on this component for
anxiety score, –0.02; for depression score, –0.03; and
for EPQ Neuroticism, 0.06), or wi th sex. Even
smoking was not strongly correlated wi th reporting
of any these condi tions (wi th the exception of
bronchi tis). A biological  hypothesis for this compo-
nent might be that individuals at the lower end of the
population distribution of immunological  variables
such as secretory IgA20,21

or IgG subclass levels
22

wi l l  suffer from an excess of al l  the condi tions seen

Table 4 Loadings on first seven rotated principal  components for al l  female twins

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7

Dust al lergy 0.86 0.04 –0.01 0.12 0.04 0.05 0.01
Hayfever 0.81 0.05 –0.05 0.09 0.05 0.00 0.05
Asthma 0.69 0.01 –0.05 0.44* * –0.06 0.04 –0.03
Other al lergies 0.68 0.23* 0.09 –0.04 –0.05 0.03 0.04
Food al lergies 0.63 0.11 0.17 –0.00 0.04 0.20 0.08
Sinusi tis 0.54 0.15 0.17 0.07 –0.09 –0.03 0.22*
Other skin dis 0.37 0.33* * 0.11 –0.33* * –0.12 0.29* 0.01

Sore throats 0.12 0.86 –0.08 0.11 –0.01 0.05 0.01
Other headaches 0.15 0.75 –0.02 –0.03 –0.03 0.01 –0.14
Influenza 0.12 0.62 0.21* 0.35* * 0.05 0.12 –0.05
Boi ls 0.10 0.59 0.05 –0.00 –0.02 0.00 0.20*
Warts 0.11 0.55 –0.02 –0.19 –0.06 –0.07 0.28*
Cold sores –0.06 0.33 0.25* 0.21 0.06 0.15 –0.09

Arthri tis 0.12 0.02 0.85 0.04 0.01 0.03 0.09
Morning sti ffness 0.12 0.20 0.76 –0.06 –0.09 –0.02 0.11
Age –0.03 –0.27* 0.75 0.17 0.12 –0.00 –0.17
UTI 0.08 0.24* 0.39 0.15 –0.10 0.09 0.30* *

Pneumonia 0.17 –0.02 0.15 0.67 –0.03 0.05 0.17
Bronchi tis 0.37* * 0.36* * 0.07 0.59 –0.17 0.00 0.05

Cigarette use –0.04 –0.01 0.00 0.03 –0.82 0.08 0.09
Alcohol  use –0.05 –0.05 –0.00 –0.04 0.79 0.02 0.07

Psoriasis –0.05 –0.00 0.11 0.13 –0.07 0.79 0.10
Eczema 0.36* * 0.09 –0.09 –0.07 0.01 0.67 –0.03

Migraine 0.17 –0.01 0.26* –0.03 0.01 –0.09 0.70
EBV 0.02 0.09 –0.17 0.26* 0.00 0.24* 0.63

Spl i t sample 0.95 0.98 0.97 0.92 0.97 0.34 0.86
factor congruency

Boxed data represents the largest loadings on each component (* *  denotes other loadings explaining >10% of variance; *  denotes loadings
explaining >5% of variance).
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associated wi th this component. A l ternatively, i t
might be a function of socioeconomic status or
nutri tion.

The thi rd component represents a number of
condi tions that one normal ly associates wi th
increasing age, principal ly arthri tis. In the males, the
loading for age i tsel f on this component is smal ler
than for the females, because of the crossloading on
to the respi ratory disease factor.

The later components vary in (eigenvalue) size
across the sexes. Smoking and alcohol  use are
usual ly strongly associated in individuals, and
appear as a single factor, which as noted earl ier, is
not strongly correlated wi th the presence of partic-
ular symptoms in females (wi th the exception of
bronchi tis), though i t may of course have some effect
on frequency or severi ty, not measured in this
analysis. In males, who smoked more heavi ly, and
increasingly so wi th age, there is the previously
mentioned crossloading of age and smoking. A l l
respi ratory diseases tended to be interrelated. The

factor representing skin diseases reflects a tendency
for individuals to report more than one such prob-
lem. This may be due, as suggested above for eczema
and al lergy, to a lack of specifici ty in these i tems.

An extension of these conclusions that is usual ly
made in the psychometric l i terature is that the
associated i tem factor scores can then be used to
form a scale that measures the underlying latent
variable, such as ‘atopy’ or ‘immune competency’,
and this compound score entered into later analyses.
These analyses might include val idating the scale
using other measures of the same variable, whether
physiological  ones such as serum IgE, or hospi tal
recorded diagnoses; i t may involve using the scale
score as a (‘better’) predictor for disease.

The usual  (quasi -empirical ) cri teria for deciding
the number of components in PCA are less helpful  in
the case of tetrachoric correlations. Smal l  tetrachoric
correlations equivalent to smal l  odds ratios may
nevertheless be cl inical ly significant i f the variables
are common enough in the population. A notable

Table 5 Loadings on first seven rotated principal  components for al l  male twins

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7

Dust al lergy 0.88 0.06 0.07 0.05 –0.09 0.04 –0.02
Hayfever 0.84 0.14 –0.02 0.00 0.03 0.04 –0.08
Asthma 0.73 –0.03 –0.07 0.15 0.22 –0.15 0.19
Sinusi tis 0.58 0.23* 0.13 –0.11 0.12 –0.14 –0.04
Other al lergies 0.54 0.13 0.24* 0.28* –0.14 0.15 0.17
Food al lergies 0.51 0.09 0.34* * 0.30* * –0.06 0.14 0.28*
Other skin dis 0.39 0.35* * 0.16 –0.03 0.39* * –0.17 0.34* *

Sore throats 0.17 0.81 –0.01 –0.13 0.10 0.07 0.19
Other headaches 0.16 0.72 –0.02 0.02 –0.00 0.13 0.12
Influenza 0.17 0.62 0.10 0.09 0.42 0.03 –0.04
Boi ls 0.04 0.59 0.24 0.25 –0.06 –0.08 –0.07
Warts 0.07 0.59 0.04 0.31* * –0.18 –0.12 –0.05
Cold sores –0.02 0.46 0.27* * 0.05 0.10 –0.07 –0.00

Arthri tis 0.10 –0.06 0.75 0.11 0.29* –0.05 –0.22*
Morning sti ffness 0.15 0.14 0.71 0.05 0.08 –0.07 –0.15
UTI 0.00 0.12 0.57 0.08 0.15 –0.01 0.17
Migraine 0.04 0.17 0.50 –0.23 –0.12 –0.04 0.17
Other skin disease 0.11 0.24* 0.38 0.37* * –0.21 –0.14 0.22

Psoriasis –0.07 0.10 –0.02 0.76 0.29* 0.01 0.06
Eczema 0.24* 0.12 0.06 0.71 0.02 –0.03 0.05

Pneumonia 0.08 0.12 0.17 0.13 0.69 –0.03 0.19
Age –0.08 –0.17 0.39* * 0.17 0.52 –0.08 –0.46* *

Cigarette use –0.04 –0.03 0.15 0.00 0.15 –0.81 0.01
Alcohol  use –0.07 –0.03 0.01 –0.03 0.07 0.79 –0.00

EBV 0.06 0.03 0.02 0.14 0.15 –0.01 0.77

Spl i t sample 0.99 0.92 0.90 0.86 0.08 0.94 0.26
factor congruency

Boxed data represents the largest loadings on each component (* *  denotes other loadings explaining >10% of variance; *  denotes loadings
explaining >5% of variance).
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example in this dataset is the magni tude of the
correlation between smoking, asthma and bronchi -
tis. However, the patterns of loadings are useful  in
formulating hypotheses that can be examined in
more detai l  using other model l ing techniques.

In conclusion, we have uncovered a number of
broad structures in the relationships between these
common symptoms which seem mostly to corre-
spond to medical ly recognised enti ties such as
atopy. In addi tion, the relationship between resis-
tance to a variety of types of reported minor
infections in an individual  might represent a global
factor of immune function that warrants further
study.
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