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Influence of the Ty1/Ty2 Paradigm:
The Prevalence of Asthma and Allergic Diseases in
Patients with Type 1 Diabetes in the United States

SHIH-WEN HUANG, M.D.,! and JEFF HITCHCOCK?

ABSTRACT

To test the Ty1/Ty2 paradigm, we determined the prevalence of asthma and allergic disor-
ders (Ty2-driven diseases) in children with type 1 diabetes (a Tgl-driven disease) in the
United States. The survey was conducted using an online survey (www.childrenwithdia-
betes.com). In 3 months, we enrolled a total of 403 children with diabetes (under the age of
18) and 480 nonaffected siblings (also under the age of 18) for statistical analysis. We com-
pared the prevalence of allergic diseases in patients with type 1 diabetes to that of their non-
affected siblings and used the general population as a control. Our results were as follows
for children with/without diabetes/general population respectively: bronchial asthma, 18 of
403 (4.4%) versus 35 of 480 (7.2%) versus 1025 of 10,904 (9.4 % ); allergic rhinitis, 57 of 403
(14.1%) versus 101 of 480 (21.0%) versus 1203 of 4295 (28.0% ); atopic dermatitis, 22 of 403
(5.5%) versus 39 of 480 (8.1%) versus 113 of 1126 (10.0% ). The difference between the pa-
tients and the controls was significant for all three diseases (p = 0.0033 to 0.0055), but not
between the patients and their nonaffected siblings or between the siblings and the controls.
The lower prevalence of asthma and allergic disorders in children with type 1 diabetes was
also confirmed in patients in the United States, suggesting that Tgl- and Tg2-driven dis-
eases can be mutually exclusive (although this is not absolute). Genetic and environmental
factors are equally important in modulating Tyl and Ty2 responses. (Pediatr Asthma Al-
lergy Immunol 2002; 15[4]:195-199.)

INTRODUCTION

HE IMMUNE RESPONSE begins with innate immunity and is fostered by adaptive immunity, which can be
divided into the selective response carried by either Ty1 cells or Ty2 cells.('?) Ty 1 cells secrete inter-
leukin (IL)-2 (IL-2) and interferon-y, while Ty2 cells secrete IL-4, IL-5, IL-9, and IL-13. The genetic
propensity and presentation of antigen(s) at an early age help to modify the immune response that favors
Tyl or Ty2 dominance, which is further sustained by the presence and interaction of these respective proin-
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flammatory cytokines and anti-inflammatory cytokines such as IL-10. The immunologic responses en-
hanced or modified by these cytokines may be clinically divided and designated as Ty1- or Ty2-driven
disorders. On one end of the spectrum of inflammatory diseases, Ty1-driven diseases include organ-tar-
geted autoimmune diseases such as multiple sclerosis and type 1 diabetes. On the other end, Ty2-driven
diseases include a host of allergic diseases in which IgE plays a major role in clinical manifestation. With
what appears to be a polarity between the two inflammatory responses, we would like to propose a hy-
pothesis that Ty1- and Ty2-driven diseases may not coexist and may even be mutually exclusive in the
same individual.

We addressed this issue by determining the prevalence of allergic disorders in patients with type 1 di-
abetes. A review of the literature indicated that nearly 70 years ago, Swern® observed a low prevalence
of diabetes among patients with allergies. However, in that study, neither the type of diabetes nor the
mechanism of the exclusion was proposed. Recently, two studies reported the prevalence of asthma in
patients with type 1 diabetes in European countries.*>) Although these reports supported Swern’s ob-
servations, one was focused only on the prevalence of asthma in a specific region in the United King-
dom, while the other mentioned only the overall prevalence of asthma and allergic diseases from un-
known locations in European countries. Therefore, whether the geographic factor plays a role remains
uncertain. We proposed to examine not only the prevalence of asthma, but also the prevalence of aller-
gic rhinitis and atopic dermatitis, the two most common allergic disorders, in patients with type 1 dia-
betes. We then compared the results with those of siblings without diabetes and the general population
in the United States.

METHODS

We conducted an online survey of parents of patients with type 1 diabetes. Twenty-four questions were
posted on a website, www.childrenswithdiabetes.com. The inclusion criteria were that the patient: (1) had
been diagnosed with type 1 diabetes by a physician; (2) was younger than 18 years; (3) was a U.S. citizen
residing in this country; and (4) had been actively treated for diabetes.

The survey inquired about the presence of bronchial asthma (BA), allergic rhinitis (AR), and atopic der-
matitis (AD). To ensure the accuracy of the reports, we only collected the following information for analy-
sis: (1) a list of the clinical manifestations of each disorder; (2) the diagnosis by a physician; and (3) con-
firmation that the patients had received treatment. If there was any ambiguity in the responses, we dismissed
that case from the study.

For a comparison of the prevalence of BA, AR, and AD, we used the data in the National Health and
Nutritional Examination Survey (NHANES) III reported in 1997 to represent the prevalence in the general
population. Our survey was started in 1999.

The x? test was used for statistical analysis using Prism software, version 3.0 (GraphPad Software, San
Diego, CA) to compare the prevalence of these diseases between the patient group and the controls.

RESULTS

Because the gender ratio in the group with diabetes and their siblings was almost even (male:female =
203:200 in the former and 253:227 in the latter group), we combined them for a final analysis. The aver-
age age of the siblings without diabetes was younger by 1.5 years. The prevalences of each of the allergic
diseases are illustrated in Figure 1. When we compared the prevalence of each of the diseases among the
three groups, we consistently found that the only significant difference was between the group with dia-
betes and the general population (p = 0.001 for BA; p = 0.003 for AR; p = 0.006 for AD). The prevalence
of these diseases in siblings without diabetes was higher than that in the group with diabetes, but was lower
than that in the general population (however, the differences were not significant). The odds ratio and 95%
confidence interval in the diabetic group for BA, AR, and AD were 0.53 (0.34 ~ 0.83), 0.69 (0.54 ~ 0.88),
and 0.52 (0.32 ~ 0.80), respectively.
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FIG. 1. Prevalence of bronchial asthma (BA), allergic rhinitis (AR), and atopic dermatitis (AD) in patients with type
1 diabetes (DM), their siblings without diabetes, and the general population (control). The only significant statistical
difference* was found between the DM and the controls: BA (p = 0.001), AR (p = 0.003), AD (p = 0.006).

DISCUSSION

The findings of the current study support previous clinical observations® and the European studies®->
showing that the lower prevalence of BA in patients with type 1 diabetes, the organ-targeted autoimmune
chronic inflammation in the islets of pancreas, were not coincidental. However, the mechanisms underly-
ing the Ty1/Ty2 paradigm may be more complex than the interplay of the few cytokines that we mentioned
in the introduction. For instance, we began to appreciate that the beginning of immune response caused by
early life processes such as exposure to infectious agents, age, the manner of antigen presentation, and the
site of antigen presentation may determine the gradual dominance of either the Tyl or the Ty2 response.
The recent report that early exposure to cat antigen can produce an immunoglobulin (Ig)-G and IgG4 an-
tibody response without sensitization or risk of asthma illustrates another possible influence.® Also, the
possible existence of T-regulatory cells has recently been proposed to help explain the unexpected outcome
of the interplay between Tyl and Ty2 cells.” Overall, however, it appears that when the dominant im-
munologic response is enhanced by cytokines of Tyl cells such as IL-2 and interferon-y, this diminishes
the effect of cytokines from Ty2 cells in the same host. The end result is that in patients with Ty 1-driven
diseases (such as type 1 diabetes), Ty2-driven diseases such as childhood asthma are usually not found.
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This hypothesis is further supported by our findings that the incidence of both AR and AD is lower in pa-
tients with type 1 diabetes.

Some questions still remain about this discordance between Tyl- and Ty2-driven diseases occurring in
the same individual. For example, after type 1 diabetes is well established, the target of the Tyl-driven
response will eventually destroy all of the insulin-producing islet cells in the pancreas. If the Ty1-driven
response is diminished after this complete destruction, then the Ty1/Ty2 balance may tilt toward Ty2. Fur-
thermore, then, allergic asthma or allergic disorders should increase in diabetic patients. This could be the
reason that some patients with diabetes have asthma or allergic disorders. Also, during the early stage of
diabetes, it has been reported that both Ty 1 and Ty2 cytokines may be decreased in the same individual ®
Further study is needed to understand whether other factors, especially environmental factors, might play
a role in the net outcome of the Ty1/Ty2 paradigm.

Comparing the data collected from NHANES to those of our online survey of patients with diabetes will
not be enough to answer these questions. To determine the time of onset of type 1 diabetes and the onset
of asthma or allergic disorders in each individual patient requires a larger prospective, clinically well-con-
trolled population study.

There are potentially two implications of these findings that may help to develop a new modality of treat-
ment of asthma or allergic diseases. First, the cross-inhibition of Ty2-driven disease with opposite cytokines,
especially interferon-y, may lessen the severity or suppress the development of asthma or allergic diseases.
Indeed, there are some early reports showing that recombinant interferon-y suppresses AD in humans®-!D
and reverses airway hyperactivity in animals.('?) Other antiproinflammatory cytokine therapies using anti-
IL-4 or anti-IL-5 for the lessening of allergic inflammation are on the horizon as well. The cross-inhibition
of Tyl disease with IL-4 is certainly possible. However, as stated above, in order to preserve the targeted
organ of Ty 1 disease, the intervention must be early enough. Otherwise, the value of such intervention could
become somewhat unpredictable.

Second, these findings support the concept of developing a new form of immunotherapy in which an
antigen is bonded to a CpG motif oligodeoxynucleotide. It is anticipated that this new antigen will invoke
the Tyl response selectively, for example, with the release of interferon-y to lessen the severity of Ty2-
driven diseases. Reports using cedar pollen allergens!® and bee venom phospholipase A, sequence-carry-
ing DNA plasmids‘'#) as antigens have produced some promising results in animals. More clinical trials us-
ing these modified antigens in humans are anticipated in the future.

Obviously, the interplay of cytokines in the early stages of Tyl- or Ty2-driven diseases is more com-
plex than we realized. However, the clinical outcome that we observed in these surveys suggests that the
severity of Ty2-driven diseases may be lessened or the diseases can even be prevented if we have a better
understanding of the sequence of the complicated immunologic process. We also recognize that our study
was not conducted in a prospective manner and in a parallel fashion with a control population. Therefore,
the accuracy on data collection could be questioned. It should be noted, however, that Szczeklik et aldd®
reported earlier a metabolic study in which they concluded that a shift favoring the economic use of insulin
rather than catecholamine in asthmatic patients may explain why they are unlikely to develop type 1 dia-
betes. This observation suggests that an unexplored connection between the immune response and the cat-
echolamine response protects asthmatic patients from developing type 1 diabetes.

Our finding that the prevalence of asthma and allergic disorders is higher in children without diabetes
than in their siblings with diabetes but lower than that in the general population in the United States for all
three diseases suggests that genetics and environment are equally important in modulating the Ty1 and Ty?2
immune responses.
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