Atopic allergy and delayed hypersensitivity in
children with diabetes

Leif G. E. Stromberg, MD,? G. Johnny Ludvigsson, MD, PhD,” and
Bengt Bjérkstén, MD, PhD® Norrkdping and Linkoping, Sweden

The prevalence of atopy was studied in 61 children with type I insulin-dependent diabetes mellitus
(IDDM) and 72 age- and sex-matched control subjects. The two groups had a similar prevalence
of atopic disease and did not differ significantly with respect to history, clinical findings, skin prick
test results, total serum IgE levels, or presence of circulating IgE antibodies to allergen. We also
studied delayed-type hypersensitvity reactions in 37 of the children with IDDM and 46 of the
control subjects. Children with IDDM, as compared with those without IDDM, more often had

other autoimmune diseases in their family histories (p < 0.01). They also had significanty
stronger delayed hypersensitivity reactions than the control subjects, as determined with tetanus
toxoid (p < 0.05) and mumps antigen (p < 0.01). The reactivity to purified protein derivate of
tuberculin and Candida antigen was similar in the two groups. The study does not confirm
previous suggestions of an inverse relationship between IDDM and atopic disease but does confirm
that IDDM is associated with other immunologic disturbances. The different genetic and
immunologic traits do not prevent allergic manifestations in children with diabetes. (] ALLERGY

CLIN IMMUNOL 1995;96:188-92.)
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Juvenile insulin-dependent diabetes mellitus
(IDDM) and atopic allergy are both associated
with immunologic abnormalities’ 2; the latter is the
most common aberration of immunoregulation in
human beings.? Type I diabetes develops after a
period of autoimmunity against the beta cells of
the pancreas.* An association with viral infections
and onset of IDDM has also been reported.”
Similarly, onset of allergic symptoms in children
has been associated with viral infections of the
respiratory tract.5 The HLA-DR3 is overrepre-
sented in patients with IDDM.? Such association
with a defined major histocompatibility complex
antigen has not been demosntrated for atopic
individuals. Recent studies indicate that there may
be an association between a gene on chromosome
11q and manifest atopic disease in some,® but not
all, studied families.” An inverse relationship be-
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Abbreviations used
DH: Delayed hypersensitivity

HbA1l: Hemoglobin Al
IDDM: Insulin-dependent diabetes mellitus
SPT:  Skin prick test

tween presence of atopic disease and IDDM has
been reported in several studies.!®!” Suggested
explanations for this include: individuals with a
predisposition for diabetes are less susceptible to
atopic disease,'” and hyperglycemia could protect
against allergy in the patient with diabetes.!?

Most of the studies indicating an inverse rela-
tionship between IDDM and atopic discase were
performed more than 20 years ago. The prevalence
of both allergic diseases'®2° and IDDM?! appears
to have increased since then. Because our clinical
experience has indicated that allergic reactions are
not at all uncommon in children with diabetes, we
decided to determine whether they have a fre-
quency of atopic allergy similar to that seen in the
general population. We also assessed delayed hy-
persensitivity (DH) to four common antigens in
the two groups because this has been reported to
be altered in both patients with IDDM?? and
atopic? patients.
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METHODS
Study groups

Sixty-one children with IDDM, 7 to 18 years of age
(mean age, 12.9 years), attending the Department of
Paediatrics at Norrkoping County Hospital were in-
vited to participate in the study. All were receiving
four or five insulin injections a day, usually fast-acting
Actrapid human insulin 15 to 30 minutes before main
meals and medium long-acting Monotard human in-
sulin or Protaphan human insulin at bedtime (dose
range: 0.40 to 1.52 IU/kg/day; mean dose, 0.95 TU/kg/
day). The duration of diabetes was 0.6 to 11.5 years
(mean, 4.4 years).

Seventy-eight schoolmates were invited to participate
as control subjects. They were nondiabetic, matched for
age and sex, and born in Sweden to Scandinavian
parents. Two of them refused to take part in the study,
and four moved during the study period.

The subjects were asked to complete a question-
naire regarding family and personal history of atopic
disease (eczema, urticaria, allergic rhinitis, asthma).
Information was also obtained about presence of
autoimmune diseases (e.g., diabetes mellitus, thyroid
disease, celiac disease, rheumatic arthritis, systemic
lupus erythematosus, pernicious anemia, Addison’s
disease, ulcerative colitis) and immunodeficiency in
first- and second-degree relatives. The validity of the
questionnaire was assessed by reviewing all of the
children’s medical records from health care units,
school health services, district medical officers, and
ear-nose-throat and pediatric clinics in the areas
where the patients lived.

All children with diabetes and the skin-tested control
subjects underwent a physical examination performed by
one investigator. All children and their parents were
interviewed at the time of skin testing or by telephone
within 2 weeks.

Ethics

The study was approved by the Ethical Committee for
Human Research at the Faculty of Health Sciences,
University of Linkdping.

Skin prick tests

Forty-one children with diabetes and 46 control sub-
jects agreed to undergo skin prick testing. The tests were
performed with five to seven allergens administered by
use of allergen-coated lancets (Phazet; Pharmacia, Upp-
sala, Sweden)?*: birch, timothy grass, Dermatophagoides
preronyssinus, Cladosporium herbarium, and each child’s
own animal if any (dog, cat, horse). Uncoated needles
served as negative controls, and lancets coated with
histamine 10 mg/ml served as positive controls. The
largest wheal diameter and the diameter perpendicular
to it were measured after 15 minutes. The test result was
considered positive if the mean diameter of the two was
greater than 3 mm.
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Intradermal tests

Thirty-seven children with diabetes and 46 control
subjects agreed to undergo intradermal testing. Four
antigens were used for the intradermal tests: tetanus
(tetanus vaccine 7.5 Lf/ml; State Bacterial Laboratory,
Stockholm, Sweden), mumps test antigen, undiluted
(Eli-Lilly, Indianapolis, Ind.), tuberculin 50,000 TU/L
(State Serum Institute, Copenhagen, Denmark), and
Candida antigen 10° PNU/L (Dome-Hollister-Stier,
Spokane, Wash.).

Local cutaneous anaesthesia was achieved with a
lidocaine/prilocaine emulsion (EMLA cream; Astra
Pharmaceutical, Sédertilje, Sweden). Five grams of the
emulsion was applied to the volar side of the forearm
and was wiped off after 60 to 120 minutes.? The antigens
(0.1 ml volume) were injected intradermally. The sites of
injection were inspected after 20 minutes to detect any
immediate reactions and after 48 hours to register the
delayed reactions. The mean diameter of induration was
calculated from the sum of the largest diameter and the
one perpendicular to it. The sum of the indurations at all
positive reaction sites was calculated to obtain a cumu-
lative DH induration score.

Laboratory determinations

Total serum IgE concentration was analyzed with
Phadebas IgE PRIST (Pharmacia), as recommended by
the manufacturer. Presence of IgE antibodies to a
mixture of relevant inhalant allergens was assessed with
the Phadiatop test (Pharmacia).

The degree of metabolic control in patients with
IDDM was defined according to hemoglobin Al (HbA1)
level, as measured by radioimmunoassay with a commer-
cially available kit (Bio-Rad Laboratories, Richmond,
Calif.). Reference values for healthy control subjects
were 5.0% to 8.0%.

Statistical methods

Allergic symptoms, hereditary data, and skin prick test
(SPT) results in the two groups were compared by
means of the chi square test with Yates’ correction,
when appropriate. Cumulative DH induration score,
DH tests versus HbA1, and SPT results versus HbA1
were compared by means of Spearman’s correlation
coefficient.

RESULTS

The prevalence of eczema, allergic rhinitis,
asthma, and urticaria was similar among the chil-
dren with IDDM and the control subjects (Table
I). Also, the prevalence of atopic disease was
similar among the first-degree relatives in the two
groups. Atopic symptoms, as reported in the ques-
tionnaire, were confirmed by medical records in
94% of the patients with IDDM and 82% of the
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TABLE |. Prevalence (%) of atopy, elevated IgE, positive Phadiatop and positive SPT results in
patients with IDDM and control subjects and history of allergy among their first-degree relatives
(i.e., parents and siblings) as assesed by questionnaires

Patients with IDDM

Control subjects

All Tested All Tested
(n=61) (n = 41) (n=72) (n = 46)
Clinical symptoms
Eczema 13 15 18 17
Allergic rhinitis 21 22 15 15
Asthma 16 20 13 13
Urticaria 24 22 21 24
Any symptoms 33 39 34 32
Heredity
Atopic relatives 39 41 51 54
Test results
Elevated S-IgE (>GM + 2 SD) (%) NA 24 NA 28
+ Phadiotop (%) NA 19 NA 16
+ SPT (%) NA 24 NA 35
Mean no. of + SPT results NA 3.0 NA 2.4
Mean size of + SPT reaction (mm) NA 5.9 NA 51

The table also shows the mean number of positive (+) SPT results and the mean size of positive test reactions among those with at
least one positive test response. None of the differences was statistically significant (chi square with Yates’ correction). NA, Not

applicable; GM, geometric mean.

control subjects. In no case were atopic symptoms
recorded in the medical records, if denied in the
questionnaire.

There was no significant difference in the num-
ber of children with serum IgE values of 2 SD or
greater, positive Phadiatop test results, or positive
SPT results. The mean number of positive SPT
results per child tested and the mean size of
positive SPT and histamine control wheals were
also similar in the two groups. Furthermore, the
duration of diabetes (> or = 4 years) did not
appear to influence the findings.

Autoimmune disease was more commonly
present among the relatives of patients with IDDM
than among the families of the control subjects.
Thus 61 cases of these diseases were reported by
the 61 families of children with diabetes, and 39
cases were reported by the 72 control subjects (p <
0.01). Of the individual autoimmune diseases,
however, a statistically significant difference was
recorded only for thyroid disease, which was
present in 21 of the families of children with
diabetes and in 12 of the families of the control
subjects (p < 0.05).

None of the intradermal tests for DH were
positive at 20 minutes; that is, there were no
immediate-type reactions to any of the four anti-
gens tested. After 48 hours, the mean number of

positive test results was 2.2 in the IDDM group
and 2.4 in the control group. The mean cumulative
DH induration score was 31.5 + 16.4 mm (mean *
SD) for patients with IDDM and 21.3 = 10.3 mm
for control subjects (p < 0.01). The mean size of
reaction to tetanus antigen was 18 = 13.4 mm in
patients with diabetes and 11 = 6.1 mm in control
subjects (p < 0.05). For mumps antigen, the mean
size of reaction was 5.4 = 4.4 mm in patients with
diabetes and 3.5 = 2.4 mm in control subjects (p <
0.01). The DH scores were similar for purified
protein derivate of tuberculin and Candida anti-
gen. They were also similar in children with a
positive or a negative SPT result. The rate of
immunization to bacille Calmette-Guérin, mumps,
and tetanus was similar in both groups.

The mean HbAT1 value was 9.8% (range, 6.7% to
15.0%) among the patients with diabetes. There was
no correlation between DH score, number of positive
reactions, size of individual reactions and HbA1
values, nor duration of diabetes (> or < 4 years).

The DH induration scores in atopic and nona-
topic individuals were also compared, both in the
control groups and among the patients with
IDDM. Neither the number of positive test results
nor the size of the reactions was significantly
different between pateints with allergy and nonal-
lergic subjects in the two groups (data not shown).
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DISCUSSION

The prevalence of atopic disease in children with
IDDM and their first-degree relatives was similar
to that in the general population. This is contrary
to the findings of several previous studies in which
an inverse relationship between atopy and IDDM
was reported.l%17 Atopic diseases appeared to be
uncommon in patients with diabetes some decades
ago. It should, however, be noted that these early
studies did not include carefully selected reference
groups. During the 1970s, atopic diseases were
reported more often than before in patients with
IDDM, but still only half as often as in nondiabetic
subjects.’” In recent studies (including this ore),
however, the prevalence of atopic disease, elevated
serum IgE levels or positive SPT results in patients
with IDDM is similar to that of the general popu-
lation.?6-28

It is never possible to prove that there is no
difference between groups. We have studied a
reasonably large group of patients and control
subjects with carefully chosen methods, and as can
be seen from our results, there were no differences
in symptoms among those who participated in
testing compared with those who did not. Further-
more, we validated the questionnaires with data
from records and found good agreement. Thus we
believe our results to be reliable.

The previously reported difference in allergy
prevalence between patients with diabetes and
nondiabetic subjects thus appears to have disap-
peared. At the same time, the prevalence of atopic
discase appecars to have increased consider-
ably.¥20 This is thought to be caused by environ-
mental triggers of sensitization (e.g., air pollu-
tion).?-39 The increased environmental load may
be strong enough to overcome any moderate dif-
ference in liability to develop allergic disease in
patients with diabetes and healthy individuals.
Another possible explanation is that metabolic
control in patients with IDDM was in earlier years
often poor, resulting in severe hyperglycemia,
which in turn could modify the glycosylation of IgE
regulatory factors.®! With improved control, blood
sugar levels are kept near the normal range most of
the time in patients with IDDM, and hyperglyce-
mia for long periods is rare. The quality of insulin
has also improved in later years. Previously used
crude porcine and bovine insulins often induced
IgG antibody formation, but this is not the case
with the highly purified monocomponent and hu-
man insulins used today.>?

Autoimmune diseases were more frequently en-
countered in relatives of children with diabetes.
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This was reported earlier by several authors.>>- In
this context it is of some interest that we demon-
strated a significantly higher cumulative DH score
among patients with diabetes, indicating a stronger
overall DH reaction in them, as compared with
control subjects. This is in accordance with the
finding that HLA DR3, which is frequently found
in patients with type I diabetes,” is associated with
increased cell-mediated responsiveness.®>-3¢ It is
contrary to the report by Pozilli et al.??> who found
no major differences in cell-mediated response, as
assessed in vivo by multiple intradermal antigen
tests, between normal subjects and patients with
type 1 diabetes. The difference in findings may
arise from difference in potency of test antigens,
different technique, and the fact that Pozilli et al.?
did not test children but adults. Our patients with
diabetes and control subjects were in good nutri-
tional condition, and most patients with diabetes
had good metabolic control. They did not have
Candida infections. All had received tetanus vac-
cine, and most had received mumps vaccine but
not bacille Calmette-Guérin vaccine. The in-
creased DH reaction in diabetic children, espe-
cially the one towards mumps, is interesting be-
cause mumps has been suspected to have a causal
role in IDDM.5

We could not confirm previous reports (summa-
rized by Bj6rkstén et al.?3) of depressed DH in
atopic individuals. The study was, however, not
designed to analyze this, nor was the size of the
study population calculated for this purpose.

In conclusion, this study does not confirm pre-
vious suggestions of an inverse relationship be-
tween IDDM and atopic disease but does confirm
that IDDM is associated with other immunologic
disturbances.

We thank Mrs. E. Ljunggren for technical and Miss K.
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REFERENCES

1. Nerup J, Lernmark A. Autoimmunity in insulin-dependent
diabetes mellitus. Am J Med 1981;70:135-41.

2. Nelson HS. The atopic disease. Ann Allergy 1985;55:441-7.
3. Buckiey RH, Becker WG. Abnormalities in the regulation
of human IgE synthesis. Immunol Rev 1978;41:288-314.

4. Eisenbarth GS. Type I diabetes: a chronic autoimmune
disease. N Engl J Med 1986;314:1360-8.

5. Yoon JW. Do viruses play a role in the development of
insulin dependent diabetes In: Rifkin H, Colwell JA, Taylor
SJ, eds. Diabetes 1991. Amsterdam: Elsevier, 1991:395-411.

6. Frick OL, German DF, Mills J. Development of allergy in
children: association with virus infections. J ALLERGY CLIN
IMMUNOL 1979;63:228-41.

7. Wolf E, Spencer KM, Cudworth AG. The genetic suscep-



192 Stromberg, Ludvigsson, and Bjorkstén

10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

tibility to type I (insulin-dependent) diabetes: analysis of
the HLA-DR association. Diabetologica 1983;24:224-30.

. Cookson WICM, Sharp PA, Faux JA, Hopkin JM. Linkage

between immunoglobulin E response underlying asthma
and rhinitis and chromosome 11q. Lancet 1989;1:1292-5.

. Cookson WICM, Young RP, Sandford AJ, et al. Maternal

inheritance of atopic IgE responsiveness an chromosome
11q. Lancet 1992;340:381-4.

Swern N, Trenton NIJ. Incidence of diabetes mellitus in
asthmatic patients. J Allergy 1932;2:875-8.

Koénig F. Uber Zusammentreffen von Diabetes mellitus und
Asthma bronchiale. Med Klin 1935;17:545-6.

Willmer HB, Miller MM, Beardwood JT. Recent advances
in the diagnosis and treatment of allergic disease-—with
special reference to glucose tolerance and metabolism.
South Med J 1936;29:197-201.

Jostin EP, Root MF, Marble A. The treatment of diabetes
mellitus. 10th ed. Philadelphia: Lea & Febiger, 1959:405.
Helander E. Asthma and diabetes. Acta Med Scand 1958:
162:165-74.

Charpin J, Boutin C, Masselot I, Meslier de Rocan J.
Astme et diabete. Marseille Med 1966;103:895-8.

Laboire F, Laboire MR. Sur I’antagonisme diabete-asthme
allergique et leur mecanisme physiopathologique. J Med
Bordeaux 1967;14-4:1143-52.

Hermansson B, Holmgren G, Samuelsson G. Juvenile
diabetes mellitus and atopy. Hum Hered 1971;21:504-8.
Aberg N. Asthma and allergic rhinitis in Swedish con-
scripts. Clin Exp Allergy 1989;19:59-63.

Morrison-Smith J, Harding LK, Cumming G. The changing
prevalence of asthma in school children. Clin Allergy
1971;1:57-61.

Taylor B, Wadsworth M, Peckham C. Changes in the
reported prevalence of childhood eczema since the 1939-45
war. Lancet 1984;2:1255-7.

Diabetes Epidemiology Research International Group.
Secular trends in incidence of childhood IDDM in 10
countries. Diabetes 1990;39:858-64.

Pozilli P, Pagani S, Arduini P, et al. In vivo determination
of cell mediated immune response in diabetic patients using
a multiple antigen dispenser. Diabetes Res 1987;6:5-8.
Bjorkstén B. Atopic allergy in relation to cell-mediated
immunity. Clin Rev Allergy 1984;2:92-106.

Kjellman NIM, Dreborg S, Filth-Magnusson K. Allergy

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

J ALLERGY CLIN IMMUNOL
AUGUST 1995

screening including a comparison of prick test results with
allergen-coated lancets and liquid extracts. Allergy 1988;4:
277-83.

. Bjorkstén B, Jung B, T4gsjo EB, Groth O. Delayed hyper-

sensitivity responses in children after local cutaneous anes-
thesia. Acta Ped Scand 1987;76:935-8.

Cavagni G, Vanelli M, Nori G, Piccione AM, Bernasconi S.
Syntese des IgE totales chez les enfants diabetiques. Arch
Fr Pediatr 1983;40:319-21.

Madacsy L, Feher A, Kassay L. High IgE levels in diabetic
children without atopy or insulin allergy. Acta Pediatr
Hung 1987;28:209-13.

Villa MP, Cacciari E, Bernardi F, Cicogani A, Salardi S,
Zapulla F. Bronchial reactivity in diabetic patients. Am J
Dis Child 1988;142:726-9.

Andrae S, Axelsson O, Bjorkstén B, Fredriksson M, Kjell-
man NIM. Symptoms of bronchial hyperreactivity and
asthma in relation to environmental factors. Arch Dis Child
1988;63:473-8.

Popp W, Zwick H, Steyer K, Rauscher H, Wanke T.
Sensitization to aeroallergens depends on environmental
factors. Allergy 1989;44:572-5.

Ishizaka K, Yodoi J, Suemura M, Hirashima M. Isotype-
specific regulation of the IgE-binding factors. Immunol
Today 1983;4:192-6.

Marshall MO, Heding LG, Villumsen J, et al. Development
of insulin antibodies, metabolic control and B-cell function
in newly diagnosed insulin dependent diabetic children
treated with monocomponent human insulin and mono-
component porcine insulin. Diabetes Res 1988;9:169-75.
Betterle C, Zanette F, Pedini B, et al. Clinical and subclin-
ical organ-specific autoimmune manifestations in type I
(insulin-dependent) diabetic patients and their first degree
relatives. Diabetologica 1984:26:431-6.

Lorini R, Larizza D, Livieri C, et al. Autoimmunity in
children with diabetes and their relatives. Eur J Pediatr
1986;145:182-4.

van Eden W, deVries P, Stanford JL, Rook GAW. HLA-
DR3 associated genetic control of response to multiple skin
tests with new tuberculins. Clin Exp Immunol 1983;52:287-
92.

Pozilli P, Tarn AC, Gale EAM. HLA-DR3 and activated
lymphocytes: significance of autoimmunity. Lancet 1985;2:
954-5.



