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Summary

Background The recent rise in the prevalence of immune-mediated diseases has been attributed to
environmental factors such as a lack of microbial challenge, or dietary change, that deviate the
overall balance between mutually antagonistic subsets of T helper (Th) cells.

Objective  An alternative proposal is that recent environmental changes have resulted in an immune
system that is more likely to produce both Th1l and Th 2 responses against benign antigens. The
prediction of this hypothesis, that Thl and Th 2-mediated diseases are not mutually exclusive, and
may be positively associated, is tested here in a whole population.

Methods Data from General Practices participating in the Scottish Continuous Morbidity
Recording (CMR) project were used to determine the coincidence of the major Th 2-mediated atopic
diseases; asthma, eczema and allergic rhinitis, with the Th1-mediated autoimmune conditions; type |
diabetes, rheumatoid arthritis and psoriasis. We also identified the prescription rates of inhaled
therapy for asthma in patients with Th1-mediated disease.

Results  There was a significant increase in the risk of presenting with a Th1-mediated autoimmune
condition in patients with a history of allergic disease (standardized prevalence ratio (95% confidence
interval) 1.28 (1.18-1.37)). Likewise, the standardized prevalence ratios of presenting with either
eczema (1.67 (1.48-1.87)) or allergic rhinitis (1.22 (1.02-1.44)) were significantly increased in subjects
with a history of Th1-mediated disease. There was a particularly strong association between current
psoriasis and current eczema (standardized prevalence ratio of psoriasis in subjects with eczema 2.88,
95% confidence interval (CI) 2.38-3.45). There was also a significant increase in prescriptions for
inhaled asthma therapy in patients with Thl disease.

Conclusion It is concluded that Thl- and Th2-mediated diseases are significantly associated in a
large General Practice population. This finding supports the proposal that autoimmune and atopic
diseases share risk factors that increase the propensity of the immune system to generate both Thl-
and Th 2-mediated inappropriate responses to non-pathological antigens.
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Introduction

The prevalence of many immune-mediated diseases is rising in
Western societies [1-6], an increase which has been attributed to
environmental factors [7,8]. The demonstration that CD4" T
helper (Th) cells drive many pathogenic immune responses has
therefore led to a search for recent environmental changes that
may have adversely affected such cells.
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Th cell clones can be classified into distinct functional types
on the basis of the cytokines they secrete, and it has become
apparent that the differential activation of these helper subpo-
pulations is important in immune-mediated disease [9-14].
Particular attention has been focused on the dichotomy
between Thl and Th2 cells, which are mutually antagonistic
and characterized by the production of IFN and IL-4, re-
spectively. Many autoimmune diseases are driven by helper
responses that are strongly dominated by the Thl subset, and
inducing a corresponding Th2 bias can prevent or amelior-
ate pathology in animal models [12,13]. IFN-y, a Th1 cytokine,
plays a critical role, not only in driving autoimmune in-
flammation and in helping B cells to produce autoantibodies,
but also in initiating and perpetuating the response [9].
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In contrast, the pathogenesis of the atopic diseases; asthma,
eczema and hayfever, depends on IL-4 produced by Th2
cells for the class switching of B cell responses to secrete
IgE antibodies [15,16]. The antagonism between IL-4 and
IFN-y has lead to the belief that these responses are recipro-
cal [17].

Given the associations between particular Th subsets and
autoimmune and atopic diseases, considerable effort has been
expended in the search for environmental factors that bias
the entire immune system in favour of either Thl or Th2 re-
sponses [18,19]. For example, based on the increasing
prevalence of atopy, and evidence that small families and first-
born children [20] in developed countries suffer more from
atopic disease, a lack of microbial challenge is thought to be
important in increasing the prevalence of atopy. This ‘hygiene
hypothesis’ [8] proposes that reduced exposure to infection
allows an overall bias towards Th2 responses in utero and
early infancy to persist and thereby encourage the production
of IgE antibodies against ingested and inhaled allergens [18,19].
Dietary changes in the intake of -3 and ®-6 fatty acids have
also been implicated in the rising incidence of atopic disease,
and are thought to have an effect on the same axis [7]. However,
the development of many autoimmune diseases has also been
attributed to an overall Th1 bias caused by these same environ-
mental changes. Thus, type I diabetes and autoimmune thyroid
disease are increasing in incidence in children [4,5,21,22], and
type I diabetes is more common in small families [23] and in
first-born children [24]. In addition, ®-3 fatty acids, which are
thought to protect from atopy, have been said to protect against
both psoriasis and rheumatoid arthritis [25,26]. Thus, the cur-
rent focus on factors that deviate the immune system as a whole
towards Th1 or Th 2 domination has produced apparently con-
tradictory evidence. To resolve this paradox, we propose that
recent environmental changes have increased susceptibility to
immune-mediated disease, not by polarizing the entire Th com-
partment, but by allowing both Thl and Th2 responses to
otherwise benign antigens to go unchecked. Thus, the same
environmental factors could contribute to the development
of both atopic and autoimmune disease. The aim of this
study was to test this hypothesis, which predicts that Th1- and
Th 2-mediated conditions should not be mutually exclusive,
and indeed that these types of disease should be positively
associated. The study took advantage of continuously collected
General Practice data from the Scottish Executive Department
of Health supported Continuous Morbidity Recording (CMR)
project [27] to determine the coincidence of the atopic diseases
(asthma, eczema and allergic rhinitis) with Thl-mediated
autoimmune disease (type I diabetes, rheumatoid arthritis and
psoriasis).

Methods

Patient database

Electronic records of all morbidity and repeat prescribing for all
patients registered in April 1999 in 47 practices from the
Scottish CMR project. CMR General Practices were recruited
so that they represented the age/sex and rural/urban mix of the
Scottish population with 252 538 registered patients on the
census date [27].

Th1- and Th 2-mediated disease classification

Diseases were included in the analysis if they were widely
accepted as either Thl- or Th 2-mediated and if their diagnosis
could be clearly defined in a General Practice setting. Definitive
doctor diagnoses and symptoms are coded in CMR according
to Read 2.0 hierarchical classifications [28]. The Th1-mediated
diseases included in the analysis were type I diabetes (Read code
C10 and below) diagnosed between the ages of 5 and 30 years in
order to exclude type II diabetics, and psoriasis (Read code M 16
and below) and rheumatoid arthritis (Read code NO04 and
below) diagnosed at any age. The Th 2-mediated diseases stud-
ied were asthma (Read code H33 and below), eczema (Read
code M11, M12z) and allergic rhinitis (Read code H17, Hyu 2).

The ‘current disease’ group includes those patients who pre-
sented at least once in the study year (April 1998 to April 1999)
with the defined diagnosis. The ‘disease ever’ population in-
cluded any patient with a previous or current diagnosis.
Prevalence rates for both Thl and Th2 disease in the general
population were compared with the respective rates in those
with current and ever Thl or Th2 disease. This analysis was
repeated to find any association of Th1 and Th 2 disease in those
in the general population who had presented to their General
Practice at least once in the study year (n =192 284).

Statistical analysis

In order to compare the prevalence rates of the conditions in
diseased (Thl and Th2) and general populations, it was neces-
sary to standardize for the potentially different demographic
structures of these populations. The prevalence rates were cal-
culated for the conditions within each sex-age band stratum of
the diseased population. For each stratum of the general popu-
lation it was possible to calculate an expected number of obser-
vations assuming that the prevalence rates were the same in
both populations. The total number of cases observed were
compared with the total number expected under this assump-
tion, to provide the indirect sex-age standardized prevalence
ratio for the condition in the diseased and general populations.
These standardization methods and those for the confidence
intervals displayed are described by Coggon and by Altman
et al. [29,30]. In addition to systemic associations we also looked
for organ-specific associations, specifically for the association
between psoriasis and eczema, both diseases of the skin, and for
associations between the prescription of inhaled therapy for
asthma (B, agonists and/or inhaled corticosteroids) and Thl
disease. The prescription of an inhaled corticosteroid was used
as a surrogate for asthma severity and identified as low-
(< 800 pg per day) or high-dose (> 800 ng per day).

Results

Table 1 shows the one year prevalence rates per 1000 patient-
s by age and sex of the Th 2-mediated atopic diseases; asthma,
eczema and allergic rhinitis, and the Th1-mediated autoimmune
diseases; type 1 diabetes, psoriasis and rheumatoid arthritis in
the 252 538 registered patients of the general population.

The number of patients presenting in the study year with
the Th 2-mediated atopic diseases in the 252 538 registered pa-
tients, together with the 7881 registered patients with a history
of Thl-mediated autoimmune disease and the standardized
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Table 1. One year period prevalence rates per 1000 patients for Th1 and Th 2 disease in the general population (n =252 538)

Eczema Allergic rhinitis Asthma Psoriasis Rheumatoid arthritis Diabetes
Female Male Female Male Female Male Female Male Female Male Female Male
04 91 99 6 7 34 52 0 0 0 0 * *
5-9 49 40 18 28 55 75 3 2 0 0 0 1
10-14 38 31 38 44 55 68 5 4 0 0 1 1
15-19 43 20 44 36 51 40 9 6 0 0 2 1
20-24 36 21 28 19 36 25 10 6 0 0 2 2
25-29 32 17 21 15 31 23 10 7 1 0 2 3
30-34 26 13 20 13 29 23 10 9 2 0 * *
35-39 22 14 16 10 26 22 8 9 3 0 * *
40-44 22 13 14 9 29 19 7 8 4 1 * *
45-49 18 13 13 8 33 19 8 9 6 2 * *
50-54 18 15 9 8 30 17 8 10 8 3 * *
55-59 17 15 9 4 36 23 11 10 9 6 * *
60-64 24 19 1 5 38 28 10 9 12 5 * *
65-70 21 20 8 8 37 27 7 9 11 8 * *
70-74 17 27 8 8 27 26 7 12 12 7 * *
75-79 20 25 5 5 26 25 7 5 13 9 * *
80 + 17 26 3 4 17 25 4 2 8 2 * *

*Type 1 diabetes > 4years and < 30years of age.

Table 2. One year prevalence ratio of asthma, eczema, allergic rhinitis and all atopy for subjects with Th1 disease (defined as diabetes between 5 and

30years, psoriasis or rheumatoid arthritis)

Total population

Any Th1 disease

Standardized 95% confidence

(n=252538) (h=7881) prevalence ratio intervals
Asthma 8575 263 1.10 0.97-1.24
Eczema 7035 285 1.67 1.48-1.87
Allergic rhinitis 4094 136 1.22 1.02-1.44
All atopy 18307 643 1.32 1.22-1.43

prevalence ratio is summarized in Table 2. It can be seen that
many individuals suffered from both types of disease, and that
there was a significantly increased risk of presenting with a Th 2-
mediated allergic disease in patients who had a history of
Thl-mediated autoimmune disease. The strongest association
was between eczema and Thl-mediated disease, but there was
also a significant increase in the standardized prevalence ratio of
allergic rhinitis and a non-significant elevation of risk for
asthma. While the prevalence of asthma was not significantly
higher in subjects with Th1 disease, the prescription of inhaled
asthma medication was greater (see Table 3).

Table 4 shows the one year prevalence of the Thl-mediated
autoimmune diseases, the number of patients with a history of
the atopic disease, and the standardized prevalence ratio of
presenting with a Th1-mediated disease in those with a history
of Th 2-mediated disease. Again, it was apparent that these two
types of disease were not mutually exclusive, and that they are in
fact associated.

The analysis that was carried out to find associations of Thl
and Th 2 disease in those in the general population who had
presented to their General Practice at least once in the study
year (n=192284) (Tables 5 and 6), found that concomitance of
Thl and Th?2 disease still occurred. No significant association
between allergic rhinitis and Th1 disease occurred, however, all
other results remained significant.
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Further analysis aimed at demonstrating the organ-specific
coincidence of disease revealed an increased standardized
prevalence ratio of current psoriasis in those with current
eczema (relative risk 2.88, 95% CI (2.38-3.45)).

Discussion

The main result reported here is that Thl-mediated auto-
immune and Th 2-mediated atopic diseases are not mutually
exclusive, but associated. This observation conflicts with the
current rationale that these two types of condition are caused
by domination of the entire immune system by either Thl or
Th 2 responses, respectively. Rather, the association may sup-
port the hypothesis that Th1-mediated autoimmune and Th 2-
mediated atopic diseases share common environmental risk
factors, which increased the likelihood of either Thl or Th2
responses to otherwise benign antigens.

The significant concurrence between the autoimmune disease
psoriasis and allergic eczema demonstrates that both Thl- and
Th 2-mediated immune pathology can co-exist in the same
organ, exemplifying that the critical factors determining the
type of Th response are likely to be antigen-specific, and not
related to the immune system as a whole. The potential for
psoriasis and eczema to coincide has been noted previously
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Table 3. One year prevalence ratio (95% confidence interval) of a prescription of inhaled B, agonists, low-dose and high-dose inhaled steroids for
subjects with Th1-mediated disease against the general population

Total population Any Th1 disease Standardized 95% confidence

(n=252538) (n=7881) prevalence ratio intervals
B, agonist prescriptions 15249 569 1.15 1.05-1.24
Low-dose inhaled steroids 6838 255 1.19 1.05-1.35
High-dose inhaled steroids 2325 155 1.27 1.05-1.53

Table 4. One year prevalence ratio of diabetes between 5 and 30 years, psoriasis, rheumatoid arthritis and all Th1 disease for subjects with Th2 disease
(defined as asthma, eczema and allergic rhinitis)

Total population Any Th2 disease Standardized 95% confidence

(n=252538) (n=52986) prevalence ratio intervals
Type | diabetes 128 35 1.05 0.73-1.47
Psoriasis 1836 668 1.86 1.72-2.01
Rheumatoid arthritis 824 161 1.16 0.99-1.36
Any Th1 disease 2892 703 1.28 1.18-1.37

Table 5. One year prevalence ratio of asthma, eczema, allergic rhinitis and all atopy for subjects with Th1 disease (defined as diabetes between 5 and
30vyears, psoriasis or rheumatoid arthritis) for those patients who presented during the study year

Total population Any Th1 disease Standardized 95% confidence

(n=192284) (n=2762) prevalence ratio intervals
Asthma 8575 107 0.98 0.80-1.19
Eczema 7035 139 1.80 1.52-2.13
Allergic rhinitis 4094 49 0.93 0.69-1.23
All atopy 18307 277 1.24 1.10-1.40

Table 6. One year prevalence ratio of diabetes between 5 and 30 years, psoriasis, rheumatoid arthritis and all Th1 disease for subjects with Th2 disease
(defined as asthma, eczema and allergic rhinitis) for those patients who presented during the study year

Total population

Any Th2 disease

Standardized 95% confidence

(n=192284) (n=18307) prevalence ratio intervals
Diabetes Type 1 84 11 1.30 0.65-2.34
Psoriasis 1836 211 1.36 1.18-1.56
Rheumatoid arthritis 824 58 1.05 0.80-1.36
Any Th1 disease 2762 277 1.24 1.10-1.39

[31,32], although not all studies agree, some showing an inverse
association [33,34]. Further evidence that Thl- and Th2-
mediated diseases may share a common aetiology comes from
close similarities in the epidemiology of these diseases. The
increased prevalence of atopic disease has been attributed to a
lack of microbial challenge (the ‘hygiene hypothesis’), which
has been claimed to bias the immune system towards Th2
responses. However, the same environmental influences could
be blamed for the parallel increases in the prevalence of many
autoimmune diseases that are mediated by Th1 cells. In particu-
lar, type I diabetes is rising in incidence [4-6], and is more
common in affluent children and those in less crowded house-
holds [23]. In an animal model of type I diabetes, prior infection
with mycobacterium, far from increasing the Thl response,
protects against disease [35]. Taken together, these observations

are inconsistent with the wide-spread notion that microbial
challenge drives the entire immune system towards Th1 respon-
siveness. Similarly, the view that ®-3 fatty acids in the diet
protect against Th 2-mediated diseases by promoting Thl po-
larization is contradicted by the findings that ®-3 fatty acids
inhibit the antigen presentation by human monocytes in
rheumatoid arthritis and multiple sclerosis [36], and are known
to be therapeutic in psoriasis and rheumatoid arthritis [25,26].
Several factors need to be borne in mind when interpreting
the study findings. Firstly, patients registered with CMR
practices under-represent some rare but very deprived members
of the population who may choose over-the-counter remedies
to relieve symptoms. This may result in the underestimation
of disease prevalence. Secondly, CMR practices may over-
represent affluent areas within Scotland [27]. However, these
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are the most appropriate populations to include since they are at
highest risk of immune-mediated disease. Thirdly, it might also
be said that the presence of one disease might increase the
chance of the physician diagnosing a second disease.
However, some of the associations presented in this study are
strong, such as that between current eczema and current psor-
iasis, and therefore it seems unlikely that this provides a com-
plete explanation. A further standardized comparison using
those patients in the general population who had presented to
their GP at least once in the study year showed little change
from existing results. Fourthly, our presumption that inhaled 3,
agonists and inhaled corticosteroids are markers of a diagnosis
of asthma may be an oversimplification. Our data has also
shown (Table 1) that atopic and autoimmune diseases have
different prevalences with age in that the former are more
common in childhood in contrast to the latter which present
predominantly in adulthood. Despite these differences in age
at presentation we have shown that the two broad groups of
diseases tend to aggregate rather than offering some degree
of mutual protection as the THI1/Th2 paradigm would
suggest. This is consistent with our suggestion that common
environmental provoking factors may have contributed to the
expression of both atopy and autoimmune disease in our popu-
lation. Despite some apparent weaknesses, which may have
diluted or confounded the results, we have found a consistent
pattern that contradicts the current dogma and supports a
common aetiology.

It remains possible that the environmental influence on the
prevalence of Th1- and Th 2-mediated disease in childhood acts
at another site in the disease pathogenesis. Nevertheless, in
contrast to the clear contradictions that emerge when it is
assumed that risk factors for autoimmune and atopic diseases
must act by polarizing the entire immune system towards Th1 or
Th2 domination, all of the data can be reconciled by our
hypothesis that such factors cause immune dysregulation [37].
The predictions of this hypothesis, that Th1- and Th 2-mediated
conditions should not be mutually exclusive, but positively
associated, have been fulfilled by the current study. Thus, al-
though experimental Thl and Th2 responses are reciprocal,
diseases mediated by each subset can co-exist in the same pa-
tient, and even in the same organ. Acceptance that Th1 and Th 2
diseases may not be mutually exclusive, has important implica-
tions for future development of therapeutic and environmental
interventions.

We believe that a prospective cohort study would provide
an opportunity for a more thorough investigation of the
association between the presence of Thl- and Th 2-mediated
diseases.
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