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Summary. In a nationwide incident case referent study we
have evaluated vaccinations, early and recent infections and
the use of medicines as possible risk determinants for Type 1
(insulin-dependent) diabetes mellitus in childhood. A total
of 339 recently onset diabetic and 528 referent children, age
0-14 years, were included. Information about infections was
collected from a mailed questionnaire and about vaccina-
tions from childhood health care centres and schools. When
vaccinations were considered as possible risk factors for
diabetes, a significant decrease in relative risk estimated as
odds ratio (OR) was noted for measles vaccination
(OR =0.69; 95% confidence limits 0.48-0.98). For vaccina-
tion against tuberculosis, smallpox, tetanus, whooping
cough, rubella and mumps no significant effect on OR for
diabetes was found. The odds ratios for Type 1 diabetes for

children exposed to 0, 1-2 or over 2 infections during the last
year before diagnosis of diabetes revealed a linear increase
(OR =1.0, 1.96 and 2.55 for 0, 1-2 and over 2 infections, re-
spectively). The trend was still significant when standardized
for possible confounders such as age and sex of the children,
maternal age and education and intake of antibiotics and
analgetics. In conclusion, a protective effect of measles vacci-
nation for Type 1 diabetes in childhood is indicated as well
as a possible causal relationship between the onset of the
disease and the total load of recent infections.

Key words: Type 1 (insulin-dependent) diabetes mellitus,
childhood, medicines, infectious disease, vaccinations, epi-
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Involvement of viruses in the aetiological process of
Type 1 (insulin-dependent) diabetes has been suggested
for about a century [1]. The strongest support for virus-in-
duced diabetes is found in animal experimental models.
Studies using the encephalomyocarditis (EMC) virus
imply both different diabetogenic properties in closely re-
lated variants of a certain virus, and also a critical impor-
tance of the genetically associated susceptibility of the
host organism |2, 3].

The evidence of viruses being a substantial aetiologi-
cal factor for diabetes in man is less conclusive. The most
compelling evidence is derived from an Australian study
[4] showing that 20% of individuals with a congenital ru-
bella syndrome had developed Type 1 diabetes at 10-year
follow-up.

In 1969 Gamble et al. reported an association between
Coxsackie B4 virus and Type 1 diabetes [5], and 10 years
later a Coxsackie virus was isolated from the pancreas of a
child who died at diagnosis of diabetes [6]. These findings
have aroused great interest and research activity, and at
present there are several studies reporting elevated anti-
body titre in recent onset of Type 1 diabetic patients com-

pared to control subjects |7, 8], whereas other studies have
demonstrated no such difference [9-11].

Case reports [1], epidemiological [12] and experimen-
tal cytological [13] studies have indicated an association
between mumps infection in man and development of
diabetes.

The possible association between viral diseases and
diabetes has also prompted an interest in vaccinations as
possible risk factors for diabetes [14]. An association be-
tween mumps infection and vaccination and a later ele-
vated islet cell antibody titre and the development of
Type 1 diabetes has been suggested but recent studies
seem to contradict a strong relationship between the vac-
cination and the later development of diabetes [15, 16].

Population-based epidemiological evidence for an as-
sociation between vaccinations and infectious disease and
onset of Type 1 diabetes is, however, lacking. Therefore, a
nationwide incident case-referent design has been used in
the present study to answer the following questions:

-~ Will individual infections or combinations of infections
affect the risk of developing diabetes in childhood?
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Table 1. General vaccination programme (GVP) for children in Sweden during recent decades

177

Type of vaccination Target group Age group Comments

Tuberculosis High risk individuals All age groups Till 1975 part of GVP, later offered
to high risk individuals

Variola Earlier included in GVP All age groups Till 1976 part of GVP, later exclud-
ed

“Triple”-vaccination i.e. combination Earlier included in GVP 3,4.5 and 6 months Finished in 1979

tetanus, diphtheria, whooping cough

“Duplex”-vaccination i.e. combination Included in GVP 3,5,12 months Introduced in 1980

tetanus, diphtheria

Tetanus Included in GVP 10-11 years

Measles Voluntary From 18 months Introduced in 1971

Rubella Included in GVP to girls 12-13 years Introduced in 1974

“MPR”-vaccination i.e. combination Included in GVP 18 months, 12 years Introduced in 1982

measles mumps, rubella

Polio Included in GVP 3,5, 12 months, 6 years Introduced in 1957

Whooping cough Selected cases

Individual At present vaccination only after
application to central medical au-

thority

~ Will vaccinations affect the risk of developing diabetes
in childhood?

Subjects and methods

The study was approved by the Karolinska Institute Ethics Commit-
tee and the Swedish Data Inspection Board.

In the Swedish health care system all 0-14 year old children with
suspected diabetesare referred tothe PaediatricDepartments. Allin-
cident cases of Type 1 diabetes aged 0-14 years are reported to the
Swedish Childhood Diabetes Register [17], which has close to 100%
ascertainment [18]. Based on this register an incident case referent
study was performed from 1 September, 1985 to 31 August, 1986,
covering all reported incident cases of diabetes, in the 0~14 year age
group. For each diabetic child two age-, sex-, and county-matched
referent children were traced by the official Swedish population reg-
ister. Questionnaires were sent simultaneously to the diabetic child
and the two referent children about four weeks after the diagnosis of
the disease. The collection of data by mailed questionnaires has re-
cently been described in detail [19]. It is important to note that the
focus on diabetes was not specifically mentionedin the cover letter to
the questionnaire but rather that the purpose of the study was to re-
veal possible relationships between different childhood diseases and
environmental factors. The parents of 86% of the diabetic children
(3390£393) and 67% (528 0f 786) of the referent children returned the
questionnaires. The questionnaires were thusreturned by the parents
of 179 diabetic boys and 160 diabetic girls and 283 referent boys and
245referent girls. There werenosystematicdifferencesinthe diabetic
or referent children whose questionnaires were returned compared
to those whose were not returned as regards sex, age and county.

The families were asked if the children had suffered from a num-
ber of specified respiratory infections, common infectious diseases
duringchildhood and other infections during their firstyear of life and
during the year preceding the present study i. ¢., the last year preced-
ing the diagnosis of diabetes in the diabetic children. Since it is con-
ceivable that the combined effect of qualitatively different infections
may influence the risk of developing Type 1 diabetes, the number of
the different infections was used as a possible risk factor for diabetes
inchildhood. Zeroinfections was used as the referent level, 1-2 as first
exposedleveland > 2infections assecond exposed level, correspond-
ing to the frequency of < 25th centile, between the 25th and 75th cen-
tile and > 75th centile of frequency of infections for all the subjects.

The families also reported the type and time of vaccinations of
their children. In 88.5% of the diabetic and in 82.1% of the referent
children it was possible to obtain records of vaccinations from the
local child health care centres and school health units. Since these
records are considered the more reliable of the two available sources
of information concerning vaccinations, the estimations presented
are based on these records. To validate questionnaire data the re-
sponses from the questionnaires concerning vaccinations are com-
pared to the records from the childhood care centres and schools.
The Swedish official vaccination programme during the last decades
issummarized in Table 1.

Statistical analysis

To avoid loss of information during analysis, the matching was dis-
solved since the ratio between the relative risk from matched to un-
matched data was close to 1[20]. To compare proportions chi-square
tests were used. Relatjve risks as odds ratios and 95% confidence in-
tervals were calculated according to Miettinen [21]. To control for
possible confounders, standardized risk ratios (SRR) and 95% con-
fidence intervals were calculated. A possible trend in dose-response
was analysed using the Mantel-Haenszel extension test and a chi-
square test was used for homogeneity in trend between strata. The
validity of vaccination data was estimated by comparison of propor-
tions [22] of differing responses in questionnaires vs records in
diabetic and referent children and also in terms of “sensitivity” and
“specificity”, here meaning the ability of the questionnaire method
to correctly identify children who were or were not given a specific
vaccination, respectively. The analyses were performed using the
QUEST software developed for the Swedish Medical Research
Council by L. Gustafsson, University of Umed, Sweden.

Results
Infections during the past year and the first year of life

As demonstrated in Figure 1 respiratory tract infections
during the past year were reported more frequently in the
diabetic than in referent children, the difference being sta-
tistically significant for common “bad cold” (y*=5.94;
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p =0.01) and otitis (> =3.68; p = 0.05). The proportion
reporting common infectious diseases during childhood
and other infections with specified symptoms were similar
in both groups, but there was a significantly higher pro-
portion “other infections” reported among the diabetic
children (y*=19.74; p =0.01). When the total number of
infections during the past year were aggregated and classi-
fied into three levels of exposure and used as possible risk
factors for diabetes there was a consistent and statistically
significant increasing trend in OR as shown in Table 2. To
control for possible confounding factors such as age, sex
and indices of social status such as maternal age and edu-

cation recently shown to increase the risk of childhood
diabetes [23] standardization for these factors were per-
formed. The calculated standardized rate ratios (SRR)
did not affect the trends significantly and did not deviate
from the crude estimates (Table 2).

For infections during the first year of life no significant
difference was found, with the exception of gastro-
enteritis, where a somewhat lower frequency (21.2% af-
fected diabetic children, 29.2% affected referent children,
x” = 6.38; p =0.01) was found among the diabetic children.
None of the levels of exposure for the total load of infec-
tions during this time period revealed a significantly in-
creased relative risk of diabetes (Table 2).

Vaccinations

The proportion of vaccinated diabetic and referent chil-
dren was similar for almost all vaccinations as shown in
Table 3, although the frequency of some of the vaccina-
tions differed between the younger and older age groups
of children as a result of modifications of the national vac-
cination programme commented on in Table 1. When vac-
cinations were considered risk factors for diabetes and the
OR and 95% confidence limits were calculated no signifi-
cant increase in OR was noted, but a significant decrease
in OR was noted for measles vaccinations. As vaccina-
tions against measles, mumps and rubella can be given
either in a combined vaccine or as separated vaccinations,
the effect of combined + separate vaccination respective-
ly was also calculated. Again the combined MPR-measles
vaccinated group of children showed a statistically signifi-
cant decrease in risk of Type 1 diabetes.

Validity of the questionnaire information
about vaccinations

The responses in the questionnaire concerning vaccina-
tions were validated against records from childhood
health care units and schools. As can be seen in Table 4 the
percentage of responses differing between the two sour-
ces of information varied, but no statistically significant
difference in accuracy of responses between diabetic and
referent children was found. An alternative procedure to
validate the questionnaire responses was used by estimat-
ing the ability of the questionnaire to correctly identify

Table 2. Odds ratio for different levels of frequency of infectious disease during the first year of life and the year preceding the present study

Allinfections during first year of life

Allinfections during the year preceding the present study

Odds ratio Low Medium High
Crude 1.0 0.70 0.64
95% confidence limits (0.38-1.29)

Standardized for:

age 1.0 0.67 0.64
sex 1.0 0.70 0.65
maternal age 1.0 0.77 0.66
maternal education 1.0 0.76 0.68

(0.34-1.20)

Low Medium High

1.00 1.96 2.55
(1.13-3.41) (1.44-4.52)

1.0 1.97 2.55

1.0 1.97 2.54

1.0 1.97 2.52

1.0 1.89 2.48

Crude values and values standardized for different confounders are given
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Table 3. Proportions of vaccinated diabetic and referent children.
Oddsratio for Type 1 (insulin-dependent) diabetes when vaccinated

Vaccination Vaccinated  Vaccinated — Oddsratio
diabetic referent (confidence
children (%) children (%) limits)

Tuberculosis 40.3 39.4 1.04 (0.77-1.40)

Smallpox 29.1 27.6 1.07 (0.77-1.49)

Triple® 62.0 63.4 0.94 (0.70-1.28)

Duplex® 39.3 40.3 0.96 (0.71-1.30)

Tetanus 33.1 34.1 0.96 (0.70-1.31)

Polio 99.3 99.3 1.04 (0.17-6.25)

MPR® 44.0 453 0.95 (0.71-1.28)

Measles 383 45.6 0.74 (0.55-1.00)

Mumps 2.0 12 1.75 (0.54-5.70)

Rubella 2.0 1.6 1.24 (0.41-3.73)

-MPR and/or

measles 74.3 80.8 0.69 (0.48-0.98)

MPR and/or

mumps 44.8 46.2 0.95 (0.70-1.27)

MPR and/or

rubella 45.0 46.3 0.95 (0.71-1.28)

* Combined vaccine diphtheria, tetanus, whooping cough; * com-
bined vaccine diphtheria, tetanus; ¢ combined vaccine measles,
mumps, rubella

vaccinated and unvaccinated children, respectively, in
terms of sensitivity and specificity. The sensitivity varied
between 0.81 and 1.0 and the specificity between 0.88 and
1.0 for the vaccinations investigated, and again no syste-
matic difference between the two investigated groups was
found.

Medication

The pattern of medication was similar for the two groups
of children during the first year of life. During the last year
before the present study, though, the parents reported a
significantly higher use of antibiotics and analgesics, anti-
pyretics in the diabetic than in the referent children
(x*=4.37; p =0.03 and x*=3.97; p =0.04, respectively)
(Table 5). To investigate whether use of antibiotics or
antipyretic analgesics was independently associated with
the diagnosis of diabetes or just related to the frequency of
infections, the OR for diabetes when exposed to different
frequencies was standardized for intake of antibiotics and
analgesics and vice versa. The significantly elevated OR

for diabetes of a high frequency of infections remained,
whereas the OR for diabetes when exposed to antibiotics
and antipyretics was no longer significantly increased
when standardized for frequency of infections.

Discussion

The results of the present study yield no evidence for a
specific infectious agent associated with the onset of
Type 1 diabetes during childhood. On the other hand, the
total frequency of infectious diseases during the last year
before diagnosis showed a dose-response relationship to
the risk of developing Type 1 diabetes. Thus, in the pres-
ent study, even if some diseases as “common cold” and
otitis media tended to be increased, no specific agents
were indicated. This lack of relationship could well be ex-
plained by the fact that the least detectable increased OR
varies with the proportion of exposed referent subjects
and the total number of subjects in the study [23]. Thus,
the small number of individuals exposed to specific dis-
eases such as mumps, measles etc yielded a low powerina
study of the present size. The linear increasing trend in
OR for diabetes with higher frequencies of infections may
indicate a causal relationship. Alternatively, the total
amount of infections may be one of the factors which pre-
cipitate the onset of the disease. The association might be
explained by the well known increase in the need of in-
sulin during infectious disease [24] rather than by specific
Beta-cell damage caused by the infectious agent.

Even if the responding parents were not aware of the
specific aim of the study being directed towards aetiology
of Type 1 diabetes a disease dependent recall bias could
be suspected to explain a different frequency of reported
infectious disease between diabetic and referent children.
On the other hand, no such overreporting was shown for
infectious disease during the first year of life. Moreover,
the validation of the questionnaire concerning informa-
tion about vaccinations revealed no difference in accuracy
of reporting between case and referent families. Still, the
problem of disease dependent bias may exist and the re-
sults should be interpreted with caution.

The pattern of medication concerning the medicine
mainly used such as antibiotics, antipyretics, analgesics
and antihistamines corresponded well with the results of a
recent study on drug prescription in early childhood [25].
Since the increase in crude OR for diabetes for consumers

Table 4. Comparison of information about some vaccinations in questionnaires vs records used as referent method

Type of vaccination  Proportion of differing t-test for differing Sensitivity Specificity

responses (%) proportions, p-values

Diabetic Referent Diabetic Referent Diabetic Referent

children children children children children children
Tuberculosis 34 5.1 0.28 0.99 0.96 0.96 0.94
Triple 35 6.4 0.07 0.98 0.97 0.93 0.88
Polio 0.7 0.2 0.35 0.99 0.99 1.0 1.0
MPR 10.9 8.9 0.40 0.81 0.82 0.95 0.97
Measles 5.7 5.1 0.72 0.97 0.97 0.92 0.93
Mumps 4.7 2.2 0.09 1.0 1.0 0.95 0.98
Rubella 5.1 2.5 0.09 1.0 1.0 0.95 0.97
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Table 5. Use of medicines during the first year of life and last year before the present study in diabetic and referent children

Types of medicine First year Last year

Diabetic children Referent children Diabetic children Referent children

n % n % n % n %
Antacids 0 0 1 02 0 0 3 0.6
Antispasmodics 0 0 1 0.2 1 0.3 1 02
Antiflatulents 13 3.8 26 49 0 0 0 0
Insulin 3 0.9 0 0 339° 100° o° o°
Vitamins, minerals 2 0.6 9 1.7 1 0.2 0 0
Iron preparations 0 0 5 0.9 0 0 0 0
Cardiovascular 6 1.8 6 1.1 1 0.3 0 0
Ext. dermatologicals 2 0.6 1 0.2 3 0.9 7 13
Corticosteroids 0 0 0 0 2 0.6 3 0.6
Thyroid 0 0 0 0 2 0.6 1 02
Antibiotics 95 280 160 30.3 111° 32.7° 137° 25.9°
Cytostatics 0 0 0 0 0 0 0 0
Antirheumatic 0 0 0 0 1 03 0 0
Analgesics, Antipyretics 19 56 26 49 16° 4.7° 12° 2.3°
Antiepileptic 0 0 0 0 0 0 1 02
Tranquilizers 1 03 4 0.8 2 0.6 1 0.2
Anti-asthmatics 13 38 16 3.0 24 9.1 33 85
Nasal decongestants 19 5.6 36 6.8 17 5.0 24 45
Cough and cold preparations 6 1.8 12 2.3 6 1.8 9 1.7
Antihistamines 5 1.5 5 0.9 12 35 12 2.3

* Qnset of diabetes during first year of life; ° proportions judged to be significantly different between diabetic and referent children (p < 0.05)

of antibiotics and analgesics during the year preceding the
present study disappeared when standardized for fre-
quency of infections, neither of these medicines were
shown to increase the risk of Type 1 diabetes significantly.
The greater proportion of children who later became
diabetic using these medicines compared to referent
children are probably due to the higher frequency of infec-
tions found in the former group.

Vaccinations have long been discussed as potential risk
factors for Type 1 diabetes as they may precipitate autoim-
mune response towards the Beta cell [14-16]. The present
findings of a significant decrease in risk of Type 1 diabetes
for measles vaccinations indicate instead a protective ef-
fect. These findings were based on solid data from the child
health care centres and schools and therefore would not be
biased. Thus, either the measles infection could be a spe-
cificdiabetogenic agent in humans or more likely the meta-
bolicstressinduced by this relativelyserious childhood dis-
ease could precipitate an early onset of Type 1 diabetes.
Thissomewhat unexpected finding must lead to further ex-
perimental animal studies. The lack of significant effects of
other vaccinations could not be interpreted unequivocally
as it may be due to the close age matching and similarly
good adherence to the Swedish vaccination programme of
the diabetic and referent children.

In conclusion, our studies suggest,

— a high frequency of infectious disease could precipitate
the onset of Type 1 diabetes in childhood,

— there was no indication that vaccinations would in-
crease the risk of developing diabetes in childhood,

— a protective effect of measles vaccination is indicated
and has to be further investigated.
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