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ABSTRACT
Type 1 diabetes mellitus is considered an autoimmune disease mediated by Th1 lymphocytes, while allergic 
diseases are characterized by Th2-mediated immune response. Their incidence is rising in developed 
countries and the interaction between autoimmune and atopic diseases has been a subject of interest for 
decades. There are many controversies about the association or mutual exclusion of these diseases, but 
classical paradigm based on the assumption that diseases mediated by Th1 and Th2 should be mutually 
exclusive, has been revised considering both the role of regulatory T cells Threg, and the environmental 
factors involved. The aim of this review is to investigate the association of allergic diseases (rhinitis, asthma, 
dermatitis) in patient diagnosed with type 1 diabetes mellitus. The studies that attempted to shed light on this 
topic had surprisingly varied results. These ranged from statistically signifi cant proof of an inverse association 
between an autoimmune disease and one or several atopic ones to other implying positive associations. 
Although up to now studies on this subject present seemingly discordant results, each attempt raises new 
questions and sheds light on new factors involved in the interaction of these diseases. They present much 
needed stepping stones for future studies to learn from and adapt.
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INTRODUCTION

The interaction between autoimmune and atopic 
diseases has been a subject of interest for decades. 
Their incidence is rising in developed countries and 
both types of conditions will, most often, affect the 
patients for all of their lives. The mechanisms gov-
erning these diseases are immunological in nature 
but are still insuffi ciently understood. As a result, 
an effective etiologic treatment is still a work in 
progress. These are just some of the reasons that 
justify the interest in studying these diseases and 
their interaction. (1-5)

Initial observations seemed to indicate that suf-
ferers of autoimmune diseases, like type 1 diabetes 
mellitus (T1DM), were under lower risk of acquir-

ing atopic diseases such as allergic rhinitis or asth-
ma. The paradigm states that types 1 and 2 T-helper 
lymphocytes (Th) inhibit each other’s development 
from naive Th cells. The emergence of the Th1/Th2 
paradigm offered a possible explanation to these 
observations and further increased the interest in 
the topic. Since Th1 lymphocytes are involved in 
the infl ammatory processes of autoimmune diseas-
es and Th2 lymphocytes in the ones of atopic dis-
eases it was supposed that the two categories of 
conditions could inhibit each other to some degree. 
This opened the possibility of not only getting more 
insight in the mechanisms of these widely encoun-
tered diseases, but also of a better understanding of 
the inner workings of the immune system as a 
whole. (4,5)
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The studies that attempted to shed light on this 
topic had surprisingly varied results. These ranged 
from statistically signifi cant proof of an inverse as-
sociation between an autoimmune disease and one 
or several atopic ones to other implying positive as-
sociations. These results are even harder to inter-
pret because of the low statistical power or because 
of the high risk or bias through procedural diffi cul-
ties of some of the studies. For example, a patient’s 
history of atopic episodes can be diffi cult to com-
pile since memory is not always exact and a mild 
episode might not fi gure on any hospital records. 
(2)

The review will follow the results involving 
type 1 diabetes mellitus since this autoimmune dis-
ease was the focus of many of the mentioned arti-
cles and is a disease of great importance in health-
care. This review aimed to highlight the results of 
the signifi cant recent works on this topic and to at-
tempt to come to a conclusion from their combined 
insight. 

Relevant physiopathological mechanisms in 
T1DM, atopic diseases and the Th1/2 paradigm

Type 1 diabetes mellitus starts in childhood and 
requires lifelong insulin treatment. The incidence 
of this disease is rising in developed countries, the 
highest incidence rates is in Finland (approximate-
ly 65 per 100,000 person-years), Northern Europe 
and Canada, while in Asia the incidence of T1DM 
is very low (approximately 3,1 per 100,000 person-
years in China). (7)

The clinical manifestations of T1DM originate 
in the lack of insulin, the major hypoglycemic fac-
tor in the human body. The absence of insulin is 
due to the destruction of its producer cells, the β 
cells of the pancreatic Langerhans islets. In T1DM 
these cells are the target of anautoimmune reaction 
orchestrated by Th1 lymphocytes. At their direc-
tion the β cells are targeted by cytotoxic T lympho-
cytes and destroyed. Several molecules located in 
the β cells have been proven to act as self-antigens 
in this disease, an example being the enzyme glu-
tamic acid decarboxylase (GAD). (3,4,6)

The exact causes for this autoimmune reaction 
are unknown but contact with certain viruses or 
foreign substances is speculated to be the trigger. A 
powerful genetic predisposition for T1DM has also 
been proven. (3,4,6)

Atopy is a predisposition for acquiring allergic 
conditions like atopic dermatitis (eczema), allergic 

asthma or allergic rhinitis (hay fever). It has a 
strong hereditary component but many environ-
mental factors are also involved in ways that are 
not fully understood at this point. The „hygiene hy-
pothesis“ proposes a possible explanation. Its 
premise is that the rise of the hygiene level in hu-
man society has led to children coming into contact 
with less and less antigens while they develop. (8) 
This lack of “immunological experience” could 
lead to improper immune responses to otherwise 
harmless exogenous molecules. This theory could 
explain the increase in the incidence of atopic and 
autoimmune diseases observed in recent times in 
developed countries. (9,10)

At a cellular level allergic reactions are coordi-
nated by Th2 lymphocytes. After coming into con-
tact with an antigen via antigen presenting cells, 
these lymphocytes secrete certain cytokines like 
IL4 which stimulates B lymphocytes to produce 
immunglobulin E (IgE) molecules. The IgEs are 
specifi c for the encountered antigen and are bound 
on surface receptors of mast cells and basophils. 
Upon encountering the antigen these cells degranu-
late releasing many infl ammatory mediators like 
histamine that cause the allergic reaction. (3,4,6)

From the above mechanisms it would seem that 
T1DM depends on the action of Th1 lymphocytes 
while atopy depends on Th2 cells. Following the 
Th1/Th2 paradigm this would imply that type 1 
diabetes could offer some protection from atopic 
conditions.

Naive Th cells can further specialize into either 
Th1 or Th2 lymphocytes. At a molecular level, this 
implies that the 2 lymphocyte subpopulations in-
hibit each other’s development form naive Th cells. 
(4,5)

Th1 lymphocytes develop under the infl uence of 
IL12. This leads to the activation of the interferon 
(IFN)-γ gene by the transcription factor signal 
transducer and activator of transcription (STAT)4. 
The secreted IFNγ helps maintain the cell’s status 
by activating the gene for T-betthrough another 
transcription factor, STAT1. T-bet is itself a tran-
scription factor which keeps the IFNγ gene active 
thus creating a positive feedback cycle between the 
two. However IFNγ inhibits the gene for GATA3, a 
key molecule in the development of Th2 lympho-
cytes. (4,5)

Th2 cells typically start their development under 
the infl uence of IL4. As mentioned above the tran-
scription factor GATA3 has a key role in this pro-
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cess. However GATA3 inhibits the genes for IFNγ, 
STAT4 and the receptor for IL12, all key molecules 
in the development of Th1 cells. (4,5)

However, recent discoveries have shown that 
the situation is not so clear cut. New lymphocyte 
classes have been identifi ed and proven to partici-
pate in the infl ammatory processes of autoimmune 
and atopic diseases. Examples would be the regula-
tory Tcells (Treg), Th17 and the natural killer (NK) 
T lymphocytes. The classical Th categories have 
also been shown to behave differently in some situ-
ations hinting to possible subcategories among 
these. For example intestinal Th2 cells have a role 
in the immunological acceptance of the local fl ora 
by producing IL10 and not TNF, like the Th2 cells 
present in allergic reactions. (4,5)

In conclusion, the Th1/Th2 paradigm is not 
without merit and could explain many elements in 
the interaction between autoimmune and atopic 
conditions. But the participation of other less un-
derstood cellular elements must be taken into ac-
count as well when interpreting experimental evi-
dence and could lead to other conclusions than 
those derived from the above mentioned paradigm 
alone. 

Sources that support an inverse associati on 
between type 1 diabetes and atopy

The Th1/Th2 paradigm would imply that atopic 
and autoimmune disorders inhibit each other and 
therefore should offer some measure of protection 
from one another. In practical terms this would 
translate in an inverse association between these 2 
categories of diseases at an individual level.

Many studies have attempted to investigate this 
possibility and some have indeed shown an inverse 
association between autoimmune diseases like 
T1DM, multiple sclerosis or rheumatoid arthritis 
and atopic disorders such as allergic rhinitis, asth-
ma and atopic dermatitis. However, the overall re-
sults were inconstant and variable with many stud-
ies failing to reach any statistically signifi cant 
results, and some actually showing positive asso-
ciations between atopic and autoimmune disorders.

It is important to note that some studies pro-
duced results that pointed to an inverse association 
but the connection was not strong enough to be 
deemed statistically signifi cant. For example, a 
Dutch study performed by Meervaldt and col-
leagues showed a lower prevalence of atopic der-
matitis, allergic rhinitis and asthma in Dutch chil-

dren suffering of T1DM compared with control 
groups. This would seem to support the Th1/Th2 
paradigm but the prevalence difference in the re-
port was not wide enough to be signifi cant from a 
statistical standpoint. (11)

EURODIAB substudy, which could be consid-
ered a landmark study, has caused numerous dis-
cussions. The study was conducted in eight centers 
in Eastern and Western Europe with access to pop-
ulation-based T1DM registries compared with age-
matched controls and reporting data collected by 
questionare in 3 centers and by interview in 5 cen-
tres. The fi nal results showed a decrease in the 
prevalence of atopic diseases in T1DM group, es-
pecially for asthmatics compared with control 
group. The centers of Western Europe showed an 
inverse relationship between T1DM and atopy 
while in the center of Bulgaria incidence of atopy 
was higher than in control group. It has to be noted 
that, in the age group 10-14 years an inverse rela-
tionship of association of DM with all 3 atopic enti-
ties (rhinitis, asthma, atopic dermatitis) has been 
found. (12)

Another source of confusion are the variable re-
sults concerning different atopic diseases. Follow-
ing the Th1/Th2 paradigm, one would expect an 
inverse association between T1DM and all atopic 
conditions. However, most studies focused on sev-
eral such disorders and produced different result 
for each. A meta-analysis conducted by Cardwell 
and colleagues exemplifi es this well. They ana-
lyzed 25 studies on the topic of correlating T1DM 
with various atopic diseases. After a thorough se-
lection process that eliminated those studies that 
had methodological fl aws or lacked statistical pow-
er they proceeded to process the results of all the 
remaining studies. The conclusion was that there 
was a statistically signifi cant, albeit small, inverse 
association between T1DM and allergic asthma. 
The same could not be said about other investigat-
ed atopic conditions such as allergic rhinitis or 
atopic dermatitis. The authors made special notice 
of the high degree of heterogeneity among the stud-
ies they explored. (2)

Another point of interest is the time of onset of 
the studied atopic condition in relation to the onset 
of T1DM. A 2001 Danish case-control study run by 
Olesen and colleagues has shown a signifi cant in-
verse association between atopic dermatitis and 
T1DM. These results were obtained only when 
considering the timeframe before the onset of dia-
betes. If taking into account the cases of dermatitis 
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that debuted after the diabetes, there was no signifi -
cant difference with the control group. This study 
also included cases of asthma and allergic rhinitis 
but didn’t discern any signifi cant associations be-
tween these diseases and T1DM showing again the 
varied results of these studies. (13)

A lack of inverse association between T1DM 
and atopic diseases after the onset of diabetes 
would not necessarily contradict the Th1/Th2 para-
digm. It has been observed that after the clinical 
debut of type one diabetes, the Th1 based autoim-
mune reaction that causes it is diminished since the 
targeted β cells are already destroyed at this point.

Some researchers have addressed the issue in a 
reverse order.The studiesperformed in Norway by 
Stene (14), in Finland by Matilla (15), in Germany 
by Rosenbauer (16), in Italy by Tosca (17) have 
tried to determine whether atopic conditions reduce 
the risk of acquiring T1DM, taking into account 
other risk factors. These studies have also conclud-
ed that atopy would have a protective effect against 
the development of T1DM. Stene found that atopic 
dermatitis indeed signifi cantly reduces the risk of 
diabetes, but the evidence for asthma and allergic 
rhinitis showed no signifi cant association. (14)

Others authors have stated that the connection 
between T1DM and asthma might be independent 
of Th1/Th2 dynamics and could therefore compli-
cate the interpretation of results. The lack of insulin 
can reduce airway hypersensitivity via a dysfunc-
tion of the local autonomic nervous system. This is 
further explained by the enhanced function of M2 
muscarinic receptors in these conditions. The con-
nection has been proven on animal models. How-
ever, human T1DM patients receive insulin treat-
ment and it is unclear if this exogenous source of 
insulin can correct the above mentioned lowering 
in air way hypersensitivity. (17,18)

This last hypothesis was investigated in an Ital-
ian study in 2013 lead by Tosca and colleagues. 
Their premise was the established association be-
tween rhinitis and asthma. A group of T1DM pa-
tients also suffering of allergic rhinitis were com-
pared with a control group of patients suffering of 
rhinitis but not of diabetes. Their aim was to ob-
serve the prevalence of subclinical asthma among 
these 2 groups. Spirometry tests were effectuated 
before and after bronchodilatation using β adrener-
gic drugs.A signifi cant increase of forced expirato-
ry fl ow FEF25-75 after bronchodilatation was inter-
preted as subclinical asthma. Such increase was 
primarily observed in non-diabetic patients and 
therefore enforcing the above theory. (17)

Since autoimmune and atopic conditions can 
undoubtedly exist in the same patient, it is clear 
that the Th1/Th2 paradigm is not an absolute rule. 
As shown above, studies have brought forth results 
that support the paradigm to some degree. However 
these results are not constant and sometimes are 
contradictory. Other factors such as time of onset 
and non-immunological mechanisms might also be 
involved and proper consideration of such factors 
might be the key to making sense of these results.

Sources that support a positi ve associati on 
between type 1 diabetes and atopy

As mentioned, the many studies investigating 
the interaction between atopy and autoimmune dis-
eases like T1DM have had contrasting results. In 
the previous section several examples of studies 
implying an inverse association between T1DM 
and various atopic disorders were discussed. Ex-
amples were also given of results that showed no 
statistically signifi cant relation between diabetes 
and atopy. However, there are also sources that 
show a positive association in these cases. Large 
population studies have found no evidence for in-
verse relationship between atopy existence of and 
autoimmune diseases (19,20), moreover they have 
found a direct association between these pathologic 
entities. (21). Sheikh and colleagues also found no 
correlation between sensitization, tested through 
skin prick tests, and T1DM. However, this same 
study found a signifi cant positive association be-
tween type one diabetes and a history of allergic 
episodes. (20)

From the start, it is important to make a distinc-
tion between disease associations at an individual 
and at a population level. It is a well established 
fact that the incidence of both atopic and autoim-
mune diseases has been on the rise for decades. A 
2012 study lead by Fsadni and colleagues attempt-
ed to study the incidence of diabetes correlated to 
the prevalence of atopic diseases in Europe. They 
used the data gathered in 2 large studies, ISAAC 
for atopy and DiaMond for diabetes, which they 
sorted by country and analyzed. They proved a sig-
nifi cant association between diabetes and atopic 
dermatitis and wheezing at a population level. This 
might imply that T1DM and some atopic diseases 
have common risk factors, be they environmental 
or genetic. These fi ndings might support the hy-
giene hypothesis. It states that with the rise of hy-
giene level in developed countries children come 
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into contact with fewer antigens and this might lead 
to atypical immune responses like the ones seen in 
autoimmune diseases and allergies. It is interesting 
to note that data on allergic rhinitis was also avail-
able but no signifi cant association with diabetes 
could be determined, authors concluding that envi-
ronmental factors predispose to hay would be dif-
ferent from those that predispose T1DM, wheezing 
and atopic dermatitis. (22,1)

Such population level results do not necessarily 
have relevance at an individual level nor do they 
negate the Th1/Th2 paradigm. It is possible that 
both T1DM and certain atopic conditions have 
common risk factors and thus rising incidence but 
at the same time inhibit each other in individual pa-
tients. For this reason examples of studies which 
investigate the topic at individual level must be ex-
amined.

In order to highlight the atopic condition, clini-
cal studies consisting of measurements of total IgE, 
specifi c IgE antibodies or skin prick tests have been 
performed. Clinical studies have not found any an 
association between IgE values in patients with 
DM and the control group. (20,23,24).

Several studies have shown no correlation be-
tween T1DM and atopic disorders. An example is 
the 2009 Italian study lead by Tosca and colleagues. 
They used skin prick tests for inhalatory antigens 
and examined the subjects history of rhinitis or 
asthma. No signifi cant correlation between the sen-
sitization to inhalatory antigens and diabetes was 
found (18).

Other studies proved that some atopic disorders 
have a higher prevalence among diabetic patients 
compared to the general population. The 2011 
American study ran by Black and colleagues inves-
tigated the effects of asthma in the treatment of dia-
betic patients. In their study group of T1DM pa-
tients approximately 10% had asthma, which is a 
higher prevalence than the 8,7% found in the gen-
eral American population at that time. (25) Villa-
Nova and colleagues investigated clinical signs of 
atopy in Brazilian diabetes patients and performed 
prick tests for a wide range of antigens to determine 
the sensitization level of these patients. They found 
that the prevalence of allergic rhinitis was higher in 
the diabetes study group (52%) than the known 
prevalence of rhinitis in the general population of 
similar age in Brazil (27-28%). Such results contra-
dict the Th1/Th2 paradigm as well as the conclu-
sions of other articles such as the ones discussed in 
the previous section. (26)

Seiskari and colleagues also investigated the in-
teraction between T1DM and atopy. However they 
also compared this interaction in populations with a 
high standard of living with its state in populations 
with a lower standard of living. The study investi-
gated subjects from both Finland and neighboring 
Russian Karelia. The two regions have very differ-
ent quality of life but, as the study proved, similar 
genetic pools of HLA variants that could predis-
pose to T1DM. In this way, the genetic risk factors 
for diabetes in the two regions were considered to 
be similar, leaving the environmental ones as the 
main reason for variation between them. A wide 
range of tests were performed including determin-
ing specifi c IgEs for several antigens and acquiring 
the subject’s history of atopic conditions. In Rus-
sian Karelia serologic determination of HAV was 
also performed. As a fecal-oral transmitted disease, 
hepatitis A was considered an approximate mea-
sure for the hygiene level and for the risk of infec-
tions in general. The Finland study group had a 
higher prevalence of both T1DM and atopic dis-
eases compared with the Karelia group. However, 
within the Finland group no correlation between 
diabetes and atopy could be determined. The re-
sults in the Karelia group were different. That group 
showed a signifi cant positive association between 
T1DM and atopy especially among subjects that 
tested negative for HAV. (9)

The results of this last study open up several 
possibilities. Most of the other studies on this topic 
have been held in countries with a high standard of 
living, in other words in populations where the hy-
giene hypothesis would best apply. It is possible 
that autoimmune and atopic conditions interact dif-
ferently in such populations than in regions where 
hygiene is low and the rate of infections high. The 
group of researchers led by Bach proposed the ex-
tending the „hygiene hypothesis“ for autoimmune 
diseases, such as T1DM, based on the idea that cer-
tain infectious agents may be protective against the 
development of autoimmune diseases. (27,28)

As seen, there are many studies that contradict 
the Th1/Th2 paradigm as well as the articles that 
support it. There might be other factors involved in 
the interaction of T1DM and atopic conditions that 
could explain this variety of results. Regional vari-
ations and the hygiene hypothesis might be the key 
to understanding why these diseases seem to inter-
act differently in different studies.
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CONCLUSIONS

It is diffi cult to draw a clear conclusion on this 
complex and poorly understood topic. As seen, the 
evidence gathered so far is contradictory and in-
constant. Still, the attempts of the past can deter-
mine how this subject should be approached in the 
future.

It is established that the incidence of both auto-
immune and atopic diseases is on the rise in devel-
oped countries and has been for decades. This 
makes both categories a prime subject for study 
and experimentation. It is important that the at-
tempts to elucidate the mechanisms and interac-
tions of these diseases continue and evolve by 
learning from the cumulative knowledge gathered 
from past studies.

Many of the above mentioned articles admitted 
to encountering diffi culties and weaknesses which 
could have led to biased results and should be con-
sidered carefully by future studies. Determining a 
subjects history of allergic episodes, for example, 
has been proven problematic in many cases. Mem-
ory bias is a clear danger. Hospital records have 
their limitations as well, since subjects might not 
visit a doctor for mild episodes. A further possible 
cause for error is the fact that diabetic children re-
ceive more medical attention than healthy ones and 
their atopic episodes are more likely to be observed. 
Moreover, parents of diabetic or atopic children 
have been proven to be more willing to answer 
mails demanding data for study. All these method-
ological diffi culties must be solved in order to ob-
tain trustworthy results. Some studies have partial-
ly did this by employing objective tests such as 
prick tests or determining serum IgE levels and it is 
perhaps in this way that future tests will obtain sol-
id results.

The object of the described studies was similar 
but there were differences that could be the reasons 
for the great variety of results encountered. Some 
of these differences were mentioned and discussed 
above. In order for results to be comparable, the 
studies providing them should have the same pa-
rameters. The time of onset of one disease in rela-
tion to the other mightbe a factor. The interaction 
between T1DM and atopy could be reciprocal or 
unidirectional. There are non-immunological 
mechanisms that can affect the association between 
diabetes and certain atopic conditions, such as the 
drop in airway hypersensitivity in the absence of 
insulin. The difference in the prevalence of infec-
tions between regions could infl uence the way 
these diseases develop and then interact. These and 
more should be clearly considered in future studies 
so as to deliver comparable results.

Moreover, the progress of our understanding of 
the cellular and molecular mechanisms that govern 
these diseases could direct future attempts. The 
study of newly discovered lymphocyte classes like 
Th17 and their involvement in autoimmunity and 
allergy could modify the classical Th1/Th2 para-
digm. A better understanding of how infections can 
modulate the function of Treg cells in children can 
prove or disprove the hygiene hypothesis.

In conclusion, although up to now studies on 
this subject present seemingly discordant results, 
each attempt raises new questions and sheds light 
on new factors involved in the interaction of these 
diseases. They present much needed stepping 
stones for future studies to learn from and adapt.

Acknowledgement
This paper was published under the frame of the 

European Social Fund, Human Resources Devel-
opment Operational Programme 2007-2013, proj-
ect no. POSDRU/159 /1.5 /S/ 138776.

1. ISAAC. Worldwide variation in prevalence of symptoms of asthma, 
allergic rhinoconjunctivitis, and atopic eczema: ISAAC. The 
International Study of Asthma and Allergies in Childhood (ISAAC) 
Steering Committee. Lancet 1998; 351:1225-1232.

2. Cardwell C.R., Shields M.D., Carson D.J., Patterson C.C. – A 
meta-analysis of the association between childhood type 1 diabetes 
and atopic disease. Diabetes Care. 2003; 26:2568-2574.

3. Roitt I.M., Delves P.J., Martin S.J., Burton D.R. – Roitt’s Essential 
Immunology. Wiley-Blackwell; 12th edition. 2011

4. Murphy K.P. – Janeway’s Immunobiology. Garland Science. 8th 
edition. 2012.

5. Rabin R.L., Levinson A.I. – The nexus between atopic disease and 
autoimmunity: a review of the epidemiological and mechanistic 
literature. Clinical and Experimental Immunology. 153:19-30.

6. Kindt T.J., Osborne B.A., Goldsby R.A. – Kuby Immunology. W.H. 
Freeman. 6th edition. 2006.

7. Craig M.E., Jefferies C., Dabelea D., Balde N., Seth A., Donaghue 
K.C. – Defi nition, epidemiology, and classifi cation of diabetes in 
children and adolescents. Pediatric Diabetes 2014; 
15(Suppl.20):4-17.

8. Strachan D.P. – Hay fever, hygiene, and household size. BMJ. 1989; 
299:1259-1260

9. Seiskari T., Viskari H., Kondrashova A.,Haapala A.M.,Ilonen J., 
Knip M., Hyoty H. – Co-occurrence of allergic sensitization and type 
1 diabetes. Annals of Medicine. 2010; Jul 42(5): 352-359.

10. Okada H., Kuhn C., Feillet H., Bach J.F. – The „hygiene hypothesis“ 
for autoimmune and allergic diseases:an update. Clinical and 
Experimental Immunology. 2010; 160:1-9

BIBLIOGRAFIE



REVISTA ROMÂNÅ DE BOLI INFECºIOASE – VOLUMUL XVIII, NR. 2-3, AN 2015 71

11. Meerwaldt R., Odink R.J., Landaeta R., Aarts F., Brunekreef B., 
Gerritsen J., et al. – A lower prevalence of atopy symptoms in 
children with type 1 diabetes mellitus. Clin Exp Allergy. 2002; 
32:254-255.

12. The EURODIAB Substudy 2 Study Group – Decreased prevalence 
of atopic diseases in children with diabetes. J Pediatr. 2000; 
137:470- 474.

13. Olesen A.B., Juul S., Birkebaek N., Thestrup-Pedersen K. – 
Association between atopic dermatitis and insulin-dependent 
diabetes mellitus: A case-control study. Lancet. 2001; 357:1749-
1752.

14. Stene L.C., Joner G., Norwegian Childhood Diabetes Study 
Group –  Atopic disorders and risk of childhood-onset type 1 
diabetes in individuals. Clin Exp Allergy. 2004; 34:201- 206.

15. Mattila P.S., Tarkkanen J., Saxen H., Pitkaniemi J., Karvonen M., 
Tuomilehto J. – Predisposition to atopic symptoms to inhaled 
antigens may protect from childhood type 1 diabetes. Diabetes Care. 
2002; 25:865-868.

16. Rosenbauer J., Herzig P., Giani G. – Atopic eczema in early 
childhood could be protective against type 1 diabetes. Diabetologia. 
2003; 46:784-788.

17. Tosca M.A., Silòvestri M., D’Annunzio G., Lorini R., Rossi G.A., 
Ciprandi G. – May T1 diabetes mellitus protect from asthma? 
Allergol Immunopathol (Madr). 2013; 41(5):288-291

18. Tosca M.A., Villa E., Silvestri M., DAnnunzio G., Pistorio A., 
Aicardi M., et al. – Discrepancy between sensitization to inhaled 
allergens and respiratory symptoms in pediatric patients with type 1 
diabetes mellitus. Pediatr Allergy Immunol. 2009; 20:385-391. 

19. Kero J., Gissler M., Hemminki E., Isolauri E. – Could TH1 and TH2 
diseases coexist? Evaluation of asthma incidence in children with 

coeliac disease, type 1 diabetes, or rheumatoid arthritis: a register 
study. J Allergy Clin Immunol 2001; 108:781-783.

20. Sheikh A., Smeeth L., Hubbard R. – There is no evidence of an 
inverse relationship between TH2-mediated atopy and TH1-mediated 
autoimmune disorders: lack of support for the hygiene hypothesis. 
J Allergy Clin Immunol 2003; 111:131-135.

21. Yun H.D., Knoebel E., Fenta Y., Gabriel S.E., Leibson C.L., Loftus 
E.V. Jr, et al. – Asthma and proinfl ammatory conditions: a 
population-based retrospective matched cohort study. Mayo Clin 
Proc. 2012; 87(10):953-960. 

22. Fsadni P., Fsadni C., Fava S., Montefort S. – Correlation of 
worldwide incidence of type 1 diabetes (DiaMond) with prevalence of 
asthma and atopic eczema (ISAAC). Clin Respir J. 2012; 6:18-625. 

23. Stromberg L.G., Ludvigsson G.J., Bjorksten B. – Atopic allergy 
and delayed hypersensitivity in children with diabetes. J Allergy Clin 
Immunol. 1995; 96:188-192.

24. Gazit V., Tasher D., Hanukoglu A., et al. – Atopy in children and 
adolescents with insulin-dependent diabetes mellitus. Isr Med Assoc 
J 2008; 10:858-861.

25. Black M.H., Anderson A., Bell R.A., Dabelea D., Pihoker C., 
SaydahS., et al. – Prevalence of Asthma and its association with 
glycemic control among youth with diabetes. Pediatrics. 2011; 
128:839-847. 

26. Villa-Nova H., Spinola-Castro A.M., Garcia F.E., Solé D. – 
Prevalence of allergic diseases and/or allergic sensitisation in 
children and adolescents with type 1 diabetes mellitus. Allergol 
Immunopathol (Madr). 2015; 43(2):157-161.

27. Bach J.F. – The effect of infections on susceptibility to autoimmune 
and allergic diseases. N Engl J Med. 2002; 347:911-920.

28. Bach J.F. – Infections and autoimmune diseases. J Autoimmun. 
2005; 25:74-80


