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Abstract

Aims/hypothesis. The role of infections in the aetiolo-
gy of Type I diabetes is controversial. Certain en-
teroviral infections might be involved in triggering
the beta-cell destruction but insufficient exposure to
early infections might increase the risk. We studied
how the number of infections experienced during sev-
eral periods from birth to onset influence diabetes
risk.

Methods. The study group came from the five largest
Lithuanian cities: 124 patients, selected from the
0-14 years-of-age childhood diabetes register and
372 population-based control subjects matched with
them for age group and sex. Information about infec-
tions and duration of breastfeeding was collected
from health care booklets, other data from a mailed
questionnaire, returned by 94.4% of patients and
72.6 % of control subjects.

Results. One or more infections experienced during
the first half year of life tended to reduce diabetes

risk. Crude odds ratios (95% confidence intervals)
in the 0-14, 04 and 5-14 years-of-age groups were
0.66 (0.42-1.04), 1.06 (0.48-2.36) and 0.52
(0.30-0.90) respectively. Adjustment for the duration
of breastfeeding, number of people in the household,
duration of mother’s education and birth order of the
index child made little difference. Odds ratios (95 %
confidence intervals) in the 0-14, 0-4 and
5-14 years-of-age groups were 0.60 (0.37-0.98), 0.94
(0.40-2.20) and 0.47 (0.26-0.87), respectively. The
number of infections recorded during the last pre-
onset year or from birth to onset did not influence
diabetes risk.

Conclusion/interpretation. Exposure to infections ear-
ly in life could decrease diabetes risk, particularly for
children diagnosed after the age of 4 years. [Diabeto-
logia (2000) 43: 1229-1234]

Keywords Type I (insulin-dependent) diabetes melli-
tus, case control study, infections, risk factors, child-
hood.

Infections caused by several different viruses are as-
sociated with Type I (insulin-dependent) diabetes
mellitus in experiments with animal models, case re-
ports and seroepidemiological studies in humans [1,
2]. Certain viruses are able to cause direct cytolysis
or trigger the autoimmunity against the beta cells by
different mechanisms [1]. Viral infections could be
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the initiating, accelerating and/or precipitating events
in the pathogenesis of Type I diabetes [3, 2]. Infec-
tions caused by rubella [4, 5], Coxsackie B group and
echoviruses might induce beta cell damage in geneti-
cally susceptible children if experienced during fetal
life [6-8]. Even later in childhood enteroviral infec-
tions have been temporary associated with islet cell
antibody seroconversion [8, 9]. Compared with con-
trol groups, diabetic children experience non-specific
infections more often during the last year before dia-
betes onset [10-13]. Infections could precipitate the
on-going beta-cell destruction and unmask the al-
ready existing insulin deficiency by increasing insulin
need during an acute inflammation. Increased con-
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centrations of circulating cytokine IL-1 during epi-
sodes of common infections could also cause beta-
cell damage and antigen release or increase beta-cell
susceptibility to immunological damage [14].

There is some evidence from animal experiments
and indirect epidemiological associations in humans,
suggesting that lack of immune stimulation due to in-
sufficient exposure to infections early in life might in-
crease the risk of getting diabetes. In genetically pre-
disposed animals the frequency of diabetes increases
if they are raised in pathogen-free environments [15,
16]. Certain viral infections [17-19] or immune stimu-
lation with bacterial antigens early in life reduce dia-
betes incidence in these animals [20-22]. Globally
the highest and increasing incidence of insulin-depen-
dent diabetes is observed in the affluent countries [23,
24]. A strong inverse correlation between total and
childhood population density and incidence of Type
I diabetes was shown in Finland [25]. In Northern Ire-
land the incidence of insulin-dependent diabetes is
lowest in areas with highest population density and
most household crowding [26]. A few case control
studies from different countries have observed that
diabetes risk is increased in children from higher so-
cio-economic class families [27-29] and decreased in
those living in overcrowded households [27] although
the evidence is conflicting [12, 13, 30]. These observa-
tions led to formulation of the ‘hygiene’ hypothesis
[31]. A study based on prospective records in health
care booklets showed that exposure to common child-
hood infections during the first year of life reduces di-
abetes risk [32]. In a study based on more material
from structured questionnaires the protective effect
was, however, statistically non-significant [10].

The relation between short duration of total
breastfeeding and early exposure to cows’ milk pro-
teins with increased risk of Type I diabetes has been
shown by a number of studies in humans [33] and in
animal models [34, 35]. Duration of breastfeeding
also modulates, however, the incidence and preva-
lence of infections early in life. Acute respiratory in-
fections, diarrhoea [36] and otitis media [37] are
known to be lower in fully breastfed compared with
formula-fed infants.

In our case control study, based on prospective re-
cords in health care booklets of Lithuanian children,
we investigated whether the risk of insulin-dependent
diabetes is influenced by the number of infections ex-
perienced during the first half year of life, the last
pre-onset year, and from birth until the onset of dia-
betes.

Subjects and methods

Since 1983 the nation-wide Lithuanian register of childhood
insulin-dependent diabetes prospectively registers all new pa-
tients below the age of 15 years at diagnosis [23, 38]. Details
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of the ascertainment procedure have been described previous-
ly [39]. Current study material was collected as an additional
data set within a multicentre European study EURODIAB
substudy 2 “Environmental determinants of insulin-dependent
diabetes in childhood” [40]. The ethics committee of Kaunas
Medical University approved the Lithuanian part of the study.
Informed consent was obtained from the parents of study par-
ticipants for checking medical documentation.

Patient group. The study group was selected from the Lithua-
nian register of childhood insulin-dependent diabetes accord-
ing to the following criteria: (1) diabetes diagnosed from 1 Jan-
uary 1989 to 31 December 1994 (recruitment period), (2) diag-
nosis established before the fifteenth birthday, (3) resident in
one of the five largest Lithuanian cities at the time of diagno-
sis, (4) born after 1 January 1980. There were 130 children
who fulfilled the inclusion criteria. Of them 4 patients emigrat-
ed and 2 died before the data collection started leaving 124
children eligible for the study.

Control group. To form a population-based control group we
used a two-stage sample selection procedure. In the Lithua-
nian health care system children below the age of 16 years
were assigned a district paediatrician and a nurse depending
on their address. Thus, district lists of paediatricians working
at children polyclinics would include all children living in a
certain area. Firstly, we selected 53 at random from 475 district
paediatricians working in the five largest cities. Secondly, we
selected three control children per patient at random from
the district lists of selected paediatricians, in total 372 children.
Control children were matched to the patients at group level
for sex and birth year range. In the data analysis, the calendar
midpoint of the patient recruitment period (1 January 1992)
was used as the end of observation period for control children.
Grouping into 04, 5-9 and 10-14 years of age by 1 January
1992 resulted in approximately three times as many control
as diabetic children in corresponding age groups.

A questionnaire inquiring about a variety of early environ-
mental exposures was prepared for the EURODIAB substudy
2 according to a common protocol. For the current study we
added questions about the socioeconomic situation of the fam-
ily at the time of the child’s birth and the duration of the par-
ents’ education. In September 1995 questionnaires were
mailed to all study participants. When questionnaires were
not returned two reminder letters were sent or phone calls
made or both to find the reason for non-response and increase
the response rates. Incompletely or inaccurately filled ques-
tionnaires were completed by telephone interviews.

Parents of 94 % of the eligible patients (92 % of girls and
97 % of boys) and 73 % of control subjects (78 % of girls and
68% of boys) responded (Pearson Chi-squared p = 0.03 for
the control subjects). Distribution of the responding study par-
ticipants in different age-at-diabetes-onset groups is presented
in Table 1. The reasons of non-response in the control group
were active refusal 17 (4.6 %), passive refusal (parents agreed
to participate but did not return the questionnaire) 19 (5.1%),
not possible to trace 54 (14.5%) and left study area 12
(3.2%). In the patient group parents of 2 (1.6 %) children ac-
tively and 5 (4.0%) passively refused to participate. There
were no systematic differences between the responding and
non-responding diabetic children in their age group and sex.
The proportions of responding and non-responding control
children, or boys and girls separately, did not differ in the age
groups. In the 04 years-of-age group responding control chil-
dren were younger than patients (Mann-Whitney test, two-
tailed p = 0.048).
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Table 1. Distribution of responding study participants in the age at onset groups by sex
Age (years) Boys n (%) Girls n (%) All children n (%)

Diabetic Control Diabetic Control Diabetic Control
0-4 21 (33.9) 45 (34.6) 15 (27.3) 52 (37.1) 36 (30.8) 97 (35.9)
5-9 30 (48.4) 60 (46.2) 31 (56.4) 64 (45.7) 61 (52.1) 124 (45.9)
10-14 11(17.7) 25(19.2) 9 (16.4) 24 (17.1) 20 (17.1) 49 (18.1)
Total 62 (100.0) 130 (100.0) 55 (100.0) 140 (100.0) 117 (100.0) 270 (100.0)

Data from health care booklets. The health care authorities re-
quired the district paediatrician and nurse to do monthly
health check-ups during the first year of life. Weight, height
and notes about infant feeding were recorded in the health
care booklets. Parents were encouraged to contact the physi-
cian even in the event of minor illnesses of their children.
When requested by telephone, district physicians visited acute-
ly ill children at home. Dates, clinical findings, diagnoses and
prescribed treatments were recorded in the health care book-
lets, including hospital discharge information letters.

We traced the health care booklets of the responding study
participants and collected the information about infectious dis-
eases and feeding in infancy. Dates and categories of infectious
diseases were entered into a database. For the data analysis we
extracted the number of infections experienced during three
periods of life: the first half-year, the last year before the onset
and from birth until the onset of diabetes (or 1 January 1992
for the control subjects). The end of breastfeeding was estimat-
ed as the midpoint between the last record with breastfeeding
and the first record without breastfeeding.

Statistical analysis. Variables were categorised using the per-
centile values estimated from the distributions of their values
in patients and control subjects taken together. The number
of early infections, the number of people in the household
and the duration of the mother’s education were categorised
using the value of the 50" centile and the duration of breast-
feeding using the 25" centile for the cut-off. The number of in-
fections experienced from birth to diabetes onset was categor-
ised separately in the 0—4 and 5-14 years-of-age groups, using
the value of the 50" centile of the age group, because the num-
ber of infections differed considerably between the groups.
Adjustment for the duration of follow-up in years was made
when analysing the association between the total number of in-
fections and diabetes risk.

Univariate analyses were done using the QUEST software,
developed for the Swedish Medical Research Council by L.
Gustafsson, University of Umed, Sweden. Odds ratios and
95 % confidence intervals were calculated according to Mietti-
nen’s method, significance of the association was checked us-
ing the chi-squared test. Linear trend in dose-response was
analysed using the Mantel-Haenszel extension test. The homo-
geneity test was done to check if odds ratios in different age
strata were equally large. Multivariate and descriptive analyses
were done using the Statistical Package for Social Sciences
(SPSS 7.5.1). Logistic regression analysis was used to adjust
for potential confounders by forcing combinations of variables
into the models. The significance level of the Wald statistic
shows if the beta coefficient of an individual variable signifi-
cantly differs from 0.

Results

Number of infections during the first half-year of life.
The results of univariate analyses are presented in
Table 2. Exposure to at least one infection during
the first 6 months of life tended to reduce the odds
of getting diabetes (p = 0.07) in children 0-14 years
old. The association somewhat differed between the
two age groups. Exposure to at least one early infec-
tion did not influence the risk of diabetes in the
04 years-of-age group but statistically significantly
reduced it in the 5-14 years-of-age group. This differ-
ence was, however, not statistically significant (homo-
geneity test p = 0.14). The number of infections expe-
rienced during the first half year of life was negatively
associated with the duration of breastfeeding (Spear-
man r=-0.22, p=0.02 in patients, and r=-0.21,
p =0.001 in control subjects). The number of infec-
tions experienced during the second half year of life
was positively associated with the number of people
in the household (r =0.02, p =0.83 in patients and
r=0.18, p = 0.01 in control subjects). The total dura-
tion of breastfeeding did not influence diabetes risk
in itself. Notably, the association between diabetes
risk and number of people in the household closely
resembled the association seen between diabetes
risk and the number of early infections (Table 2).
Table 3 shows the results obtained from logistic re-
gression analysis, adjusting for duration of breast-
feeding, number of people in the household, duration
of the mother’s education and birth order of the child.
After adjustment for confounders, the odds of getting
diabetes was reduced in children 0-14 years old who
were exposed to at least one early infection
(p=0.04). We did the analyses in the 0-4 and
5-14 years-of-age groups, to check if the association
differed depending on the age at diabetes onset. Ad-
justment for confounders hardly changed the crude
results. No association was found in the 0—4 years-of-
age group (p = 0.88). In the 5-14 years-of-age group,
after adjustment for confounders, the odds of getting
diabetes remained significantly reduced if children
were exposed to at least one early infection

(p = 0.02).

Number of infections from birth until diabetes onset.
There was no association between the total number
of infections experienced from birth until diabetes
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Table 2. Crude odds ratios for exposure to early infections, duration of breastfeeding and household crowding

Age at onset Categories of the variable Patients  Control OR (95% CI) %% test
n subjects n p value
Number of infections during the first half year
0-14 years
Patients n = 108 Reference: No infection 56 103 0.66 (0.42-1.04) 0.07
Control subjects n = 248 Exposure: > 1 infection 52 145
0-4 years
Patients n = 34 Reference: No infection 15 42 1.06 (0.48-2.36) 0.85
Control subjects n = 92 Exposure: > 1 infection 19 50
5-14 years
Patients n = 74 Reference: No infection 41 61 0.52 (0.30-0.90) 0.02
Control subjects n = 156 Exposure: > 1 infection 33 95
Duration of breastfeeding
0-14 years
Patients n = 111 Reference: <7 weeks 30 62 0.88 (0.53-1.46) 0.62
Control subjects n =253 Exposure: > 7 weeks 81 191
04 years
Patients n = 35 Reference: <7 weeks 12 31 0.94 (0.41-2.15) 0.86
Control subjects n = 94 Exposure: > 7 weeks 23 63
5-14 years
Patients n =76 Reference: <7 weeks 18 31 0.78 (0.40-1.51) 0.47
Control subjects n = 159 Exposure: > 7 weeks 58 128
Number of people in the household
0-14 years
Patients n = 116 Reference: <4 people 82 163 0.63 (0.40-1.01) 0.05
Control subjects n = 270 Exposure: > 4 people 34 107
04 years
Patients n = 36 Reference: <4 people 23 61 0.96 (0.43-2.13) 0.88
Control subjects n = 97 Exposure: > 4 people 13 36
5-14 years
Patients n = 80 Reference: <4 people 59 102 0.51 (0.29-0.91) 0.02
Control subjects n = 173 Exposure: > 4 people 21 71

onset and the risk of getting diabetes in children
0-14 years old [<12 vs>12 infections OR 0.66,
95% CI (0.39-1.11)]. The risk of diabetes tended to
increase with increasing total load of infections in
the 0—4 years-of-age group [ <5 vs > 5 infections OR
2.11, 95% CI (0.84-5.31)] but this tendency was not
statistically significant. No association was found in
the 5-14 years-of-age group [ <17 vs > 17 infections
OR 1.10, 95% CI (0.63-1.90)].

Number of infections during the last year before dia-
betes onset. There was no statistically significant ef-
fect on the risk of getting diabetes depending on the
level of exposure to infections in the last year before
diabetes onset. There was, however, a tendency for
increased risk in the 0-4 years-of-age age group if
the children were exposed to more infections [ <2
vs > 2 infections OR 1.91, 95% CI (0.87-4.17)].

Discussion

The results of the present study support the ‘hygiene
hypothesis’ [31], suggesting that exposure to infec-

tions early in life reduce the risk of diabetes. The re-
sults confirm previously reported studies from South-
ampton [32] and Sweden [10], which found that expo-
sure to non-specific infections during the first year of
life has an inverse association with childhood diabe-
tes. The results of the Swedish study were statistically
non-significant, but that could have been because of
data imprecision because the study used parent ques-
tionnaire material. In contrast to an earlier report
[32] the protective effect in our study was only pro-
nounced for children who developed diabetes after
the age of 4 years. Adjustment for possible confound-
ers such as duration of breastfeeding and household
crowding did not greatly change the crude estimates.

The strength of this population-based study is that
it used prospectively recorded information from the
health care booklets of study participants and thus
should be free from the disease-dependent bias. Al-
though the organisation of the child health care sys-
tem in Lithuania during the study period promoted
consultation of a physician even for minor infections
of the infant, health care booklet records probably
underestimate the true frequency of infections. Com-
pleteness of the records about infectious diseases is
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Table 3. Logistic regression analysis of the association between the exposure to infections during the first half year of life and dia-

betes risk, adjusted to potential confounders

Age group Exposure OR (95% CI) Beta p value of
coefficient Wald statistic
0-14 years
Patients n = 99 > 1 infection 0-6 months 0.60 (0.37-0.98) -0.50 0.04
Control subjects n = 243 Breastfed > 7 weeks 0.77 (0.44-1.34) -0.26 0.36
> 4 people in household 0.78 (0.47-1.28) -0.25 0.32
Education > 14 years 0.91 (0.56-1.48) -0.09 0.72
Not 1% child in the family 1.14 (0.70-1.85) 0.13 0.59
0-4 years
Patients n =31 > 1 infection 0—-6 months 0.94 (0.40-2.20) -0.06 0.88
Control subjects n =91 Breastfed > 7 weeks 1.05 (0.42-2.61) 0.05 0.92
> 4 people in household 1.32 (0.56-3.10) 0.28 0.52
Education > 14 years 0.64 (0.27-1.52) -0.44 0.32
Not 1% child in the family 1.67 (0.73-3.85) 0.51 0.23
5-14 years
Patients n = 68 > 1 infection 0-6 months 0.47 (0.26-0.87) -0.75 0.02
Control subjects n = 152 Breastfed > 7 weeks 0.62 (0.30-1.29) -0.48 0.20
> 4 people in household 0.62 (0.33-1.17) -0.47 0.14
Education > 14 years 0.98 (0.53-1.81) -0.02 0.95
Not 1% child in the family 0.94 (0.51-1.73) -0.06 0.84

also likely to decrease when children get older. It is,
however, unlikely that record precision would sys-
tematically differ between diabetic and control chil-
dren. Adjustment for the duration of the mother’s ed-
ucation and birth order of the child (factors which
could influence mother’s decision to consult a physi-
cian for childhood infections, as well as the duration
of breast feeding) did not change the estimates con-
siderably.

The results of our study should be interpreted with
caution because we have no information about the
social class of the non-responding control children.
The main reason for non-response among the control
subjects was that they could not be traced (14.5%).
The majority of these families had no telephones in
their apartments which probably indicates a lower so-
cial status, which in turn is likely to be associated with
exposure to more infections. Thus, we think it is more
probable that our results underestimate rather than
overestimate the association.

The current study did not show a dose-response re-
lation of the association where the risk of getting dia-
betes would decrease in parallel to an increasing
number of early infections. We found that exposure
to at least one infection during the first half year of
life was negatively associated with diabetes, possibly
suggesting that it is the timing of the first infection
that matters. This contradicts a recent observation
that neonatal infections are associated with an in-
creased risk of diabetes [41]. Although neonatal in-
fections constitute only a fraction of infections expe-
rienced during the first 6 months, most of the severe
infections happen in the neonatal period. Severe in-
fections that happen very early in life might have dif-
ferent consequences than milder infections experi-
enced later.

It is also possible that children who get infections
relatively early in life live in conditions that also fa-
vour exposure to more infections later in infancy.
Thus the negative association observed in children
5-14 years old could support the hypothesis that in-
put deprivation syndromes are relevant in the devel-
opment of the immune system [42]. In this study,
which is based on records of clinical diagnoses it is
not possible to distinguish between the potentially
diabetogenic and non-diabetogenic infections. We
do not know if the initial injury to the beta cells oc-
curred during the fetal period of life. Lack of nega-
tive association in the 0—4 years-of-age group might
depend on the possibility that in a larger proportion
of the children in this group the autoimmune process
had been initiated during the fetal period of life or
they experienced early infections that were diabeto-
genic.

The current study found no association between
the degree of exposure to the total load of infections
experienced from birth to diabetes onset or during
the last pre-onset year and the risk of getting diabe-
tes. This could be the result of record imprecision in
the health care booklets, especially in the older chil-
dren, because 25 % of the children in the 04 years-
of-age group compared with 41 % in the 5-14 years-
of-age group had no infections recorded during the
last pre-onset year.

Our case control study, based on prospective re-
cords in health care booklets of Lithuanian children,
found a negative association between exposure to in-
fections during the first half-year of life and subse-
quent diabetes.
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