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It is becoming increasingly well-re c o g-
nized that the intrauterine and neonatal
e n v i ronment are influential in determ i n-

ing future patterns of disease (1), and evi-
dence is accruing in relation to childhood
diabetes (2,3). Thus, the pathogenic
p rocess of autoimmune b-cell destru c t i o n
may well be initiated in utero or around the
time of birth when the developing fetus
and neonate are particularly vulnerable and
the immune system remains immature .

This population-based case-contro l
study has investigated a compre h e n s i v e
range of factors relating to perinatal and
neonatal experiences re c o rded in the
m a t e rn i t y, delivery, and neonatal hospital
re c o rds of mothers interviewed on a case-
c o n t rol study of type 1 diabetes. The re s u l t s
re p resent the second phase of an investiga-
tion covering intra-uterine development
t h rough to early neonatal life with influ-
ences occurring in utero already published

(4). Many putative risk determinants have
been investigated for the first time, in addi-
tion to looking at factors previously identi-
fied in other studies.

RESEARCH DESIGN AND
M E T H O D S — The study, using stan-
d a rd case-control methodology (5), re c e i v e d
a p p roval from the 17 Local Research Ethics
Committees in the study region. Incident
cases included those diagnosed with type 1
diabetes over a 2-year period (1993–1994)
and taken from the population-based Yo r k-
s h i re Childhood Diabetes Register (YCDR),
which registers cases diagnosed under 16
years of age. All children lived within the
f o rmer Yo r k s h i re Regional Health Authority
at the time of diagnosis. The register ascer-
tained children from three independent
s o u rces and was estimated to be 97% com-
plete (6). Permission was given by tre a t i n g
hospital clinicians to approach parents and
request their part i c i p a t i o n .

Two control subjects per case, matched
by sex and age (by calendar year of birth and
month of birth), were randomly selected
f rom the primary care registrations of the
Family Health Service Authority (FHSA) of
the matched case (see McKinney et al. [4]).
Mothers were interviewed face to face and
signed consent given for abstraction of the
m o t h e r ’s and her child’s medical notes. Ta b l e
1 shows the numbers of cases and contro l
subjects who were interviewed and for
whom notes were also abstracted with
details of missing sets. Participation rates for
the interview study were 93.6% and 81.9%
for case and control mothers, re s p e c t i v e l y,
and 78% of control subjects were first choice
and 18% second choice (4).

A highly stru c t u red standard form, pre-
viously validated in other studies (7,8), was
used by a trained midwife to re c o rd a wide
range of obstetric, delivery, and neonatal
details (4). Events in the early neonatal
period were noted with re f e rence to sepa-
rate neonatal notes if necessary and
episodes were re c o rded up until the date of
d i s c h a rge from hospital. Illnesses and con-
genital malformations were coded using
the I n t e rnational Classification of Diseases,
version 10 (ICD-10) (9) and drugs using
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Perinatal and Neonatal Determinants of
Childhood Type 1 Diabetes
A case-control study in Yo r k s h i re, U.K.

O R I G I N A L  A R T I C L E

O B J E C T I V E — To identify environmental factors that exert their effect in the perinatal and
neonatal period and influence the subsequent onset of insulin dependent (type 1) diabetes dur-
ing childhood.

RESEARCH DESIGN AND METHODS — A population-based case-control study of
data abstracted from the hospital obstetric and neonatal re c o rds of 196 children with type 1 dia-
betes and 325 age- and sex-matched control subjects. Analysis of matched sets by conditional
logistic re g ression was conducted for a range of perinatal and neonatal factors.

R E S U LT S — A significantly raised risk was observed for illnesses in the neonatal period (OR
1.61, 95% CI 1.06–2.44), the majority of which were infections and re s p i r a t o ry diff i c u l t i e s .
Exclusive breast feeding as the initial feeding method was significantly protective (OR 0.65,
95% CI 0.45–0.94). There were no significant associations with high- or low-birth weight,
being fir s t b o rn or small-for-dates. All factors significant (5% level) for the entire dataset, that
is, maternal age, type 1 diabetes in mothers, preeclampsia, delivery by cesarean section, neona-
tal illnesses, and initial breast feeding were modeled and the OR remained significant for all
variables other than cesarean section.

C O N C L U S I O N S — The findings are based on medical re c o rd data that cannot be subject
to biased recall of mothers. Neonatal illnesses increased and initial breast feeding decreased the
risk of childhood type 1 diabetes. Further determinants of risk are mothers with type 1 diabetes,
older mothers, and preeclampsia during pre g n a n c y.
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the framework of the prescription manual
the British National Form u l a ry (10). Ill-
nesses and drugs were grouped a priori
into categories to allow sufficient numbers
for analysis (available from authors on
request). Assigning centiles for birth length,
b i rth weight, and head circ u m f e rence was
c a rried out using a single set of centile
c h a rts issued in 1995: these provided a
s t a n d a rd measure to facilitate the compar-
ison of cases and control subjects. Medical
re c o rds came from 17 maternity hospitals
within the study region, and for the 12.9%
of births occurring elsewhere in the U.K.
and abroad, re c o rds were received by post.

Statistical analysis of matched case-con-
t rol pairs and triplets was conducted using
Stata (11). Odds ratios (ORs) with exact 95%
CI and P values were calculated using con-
ditional logistic re g ression with a single term
in the model for univariate estimates. Va r i-
ables significantly associated with disease
obtained from the analysis of individual vari-
ables were modeled together in a multivari-
able analysis. In utero risk factors identifie d
p reviously (4) were included as a priori con-
t rol factors. Six cases and 29 control subjects
had no matching control subjects or cases
and were lost to the matched analysis of 196
sets (129 triplets and 67 pairs) (Table 1).

R E S U LT S — The distribution of cases
included in the analysis is shown by age-
g roup and sex in Table 2. The ethnicity of
the majority of both cases (94.9%) and
c o n t rol subjects (95.7%) was white, with 8
cases (4.1%) and 10 controls (3.1%) origi-
nating from India or Pakistan.

A range of variables were investigated,
and Table 3 gives OR with accompanying
95% CI and levels of significance. The
results for length of gestation, small-for-
dates, and parity have been published pre-
viously (4) but are included for
completeness. The results show two statis-
tically significant ORs with the re c o rding in
the obstetric or neonatal notes of how the
infant was first fed showing a pro t e c t i v e
e ffect for exclusive breast feeding. There
was a raised OR related to post delivery
neonatal illnesses, which were mainly
accounted for by infections (ICD-10 P35-
P39) (29.9%) and re s p i r a t o ry diff i c u l t i e s
(ICD-10 P20-P29) (47%) of which half
(52.4%) were u n s p e c i fied birth asphyxia.
The risk did not increase with the number
of illnesses, that is, no dose response was
p resent. The hematological disord e r s
included one case with rhesus incompati-
bility (ICD-code P550). Adjustment of the
s i g n i ficant ORs noted above for mothers
with type 1 diabetes did not alter the mag-
nitude or the sign i ficance of the risk. Pat-
t e rns of hospitalization did not diff e r
s i g n i ficantly between cases and control sub-
jects; 29.0% of cases and 31.2% of contro l
subjects spent 2 days or less in the hospital,
and the mean length of stay was 5.5 and 5.2
days for cases and control subjects, re s p e c-
t i v e l y.

Various factors have been associated,
both from our own and other studies, with
i n c reasing or decreasing risk for childhood
type 1 diabetes. Variables significant at the
5% level in a univariate analysis in our
study were mother’s age (,25, 25–35,

.35), type 1 diabetes mothers, pre e c l a m p-
sia, delivery by cesarean section (4), ne o n a-
tal illnesses, and breast feeding. These
potential explanatory variables were mod-
eled together and the results in Table 4
show they all retained their signific a n c e
a p a rt from cesarean section and the eldest
mothers (.35 years), although the latter
was of borderline significance (P = 0.06).
The addition of neonatal illnesses and bre a s t
feeding significantly improved the model fit
(likelihood ratio test, x2 9.96, P = 0.007).

C O N C L U S I O N S — In an eff o rt to
identify nongenetic determinants for child-
hood type 1 diabetes in utero, perinatal
and neonatal exposures have been investi-
gated for potential associations for over 
2 decades. However, there are few risk fac-
tors that appear consistently across studies.
This may re flect diff e rent study designs
and/or low statistical power to detect risks,
the fact that childhood type 1 diabetes is a
multifactorial disease making it difficult to
isolate individual factors, or the failure to
incorporate a measure of genetic suscepti-
bility into the study.

The population-based Yo r k s h i re Chil-
d re n ’s Diabetes Register (6) was the sam-
pling frame for children with type 1
diabetes on the current study. The case-
c o n t rol study collected interview infor-
mation from the mothers of a high
p ro p o rtion of case children (93.6%), of
which 91.8% had their hospital obstetric
re c o rds abstracted. There was no reason to
suspect that any selection bias was pre s e n t
in relation to the mothers whose notes were
abstracted as there were no temporal, geo-
graphical case control biases in relation to
the unobtainable notes. At the term i n a t i o n
of the data collection phase, a slightly lower
p ro p o rtion of control mothers re m a i n e d
without obstetric data, however, only six
cases had no matched control and were
excluded from the analysis, which ensure d
the power of the study was re t a i n e d .

Table 1—Profile of study sample including the frequency of cases and control subjects, med -
ical note abstractions, and matched case-control sets included in the study

Cases Control subjects

Interviewed plus notes abstracted 202 (91.8) 354 (81.8)
Interviewed only 18 (8.2) 79 (18.2)

Reason for interview only
Birth location untraced 0 (—) 5 (0.4)
No maternal consent 1 (5.6) 5 (0.4)
Notes untraced 17 (94.4) 57 (72.1)
Not sought 0 (—) 12 (15.2)
Subtotal (interviewed only) 18 (—) 79 (—)

Total number registered 220 (—) 433 (—)
Matching of sets for analysis

No match available (excluded) 6 (—) 29 (—)
Case plus 1 control (pairs) 67 (—) 67 (—)
Case plus 2 control subjects (triplets) 129 (—) 258 (—)

Total 202 (—) 354 (—)

Data are n (%).

Table 2—Age and sex distribution of cases
included in the analysis

Men Women

Age range (years)
0–4 18 (16.8) 22 (24.7)
5–9 35 (32.7) 31 (34.8)
10–15 54 (50.5) 36 (40.4)

Total 107 (100.0) 89 (100.0)

Data are n (%).
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In case-control studies, inform a t i o n
re p o rted at the interview may be subject to
recall bias, but a major advantage of the
c u rrent study was the fact the inform a t i o n
in the obstetric and neonatal re c o rd s
would be entirely independent of case-
c o n t rol status, thus avoiding the traditional
criticism of recall bias. In addition, the
obstetric, delivery, and neonatal notes were
s c ru t inized and abstracted by one trained
re s e a rch midwife who was unaware of case-
c o n t rol status and could not there f o re
i n t roduce bias at the stage of re c o rd i n g
data. As an historical set of data spanning
20 years, the availability and quality of the
notes and the information they contained
was generally very good.

The majority of (4,12–17) but not all
(18–20) previous studies have observed an
association between childhood type 1 dia-
betes and older mothers. Because this may
re p resent a real association, although the
evidence is not conclusive, its effect was
a d d ressed in the current study with the
finding of an overall positive association
with older mothers. The eldest category,
those $35 years, carried a twofold risk
that was of borderline significance in the
multivariate model.

Extensive study of birth weight and
size has established a relationship between
low birth weight and future risk of devel-
oping type 2 diabetes, and mechanisms
have been postulated to explain this (21).
H o w e v e r, the picture is not so clear for
type 1 diabetes, where links to birth weight
have been with small-for-dates babies (22)
and both heavier (23) and lighter babies
(24), whereas others have found no associ-
ation (19,18,16,20). The current study
failed to observe any association with either
high- or low-birth weight or small-for- d a t e s
babies (4) suggesting that neither absolute
weight, maturation at birth, or birth size are
factors that strongly predict the occurre n c e
of childhood type 1 diabetes.

The protective effect of breast feeding
seen in this study has a somewhat limited
i n t e r p retation as it relates to inform a t i o n
re c o rded in the obstetric or neonatal notes
and is there f o re restricted to the time period
immediately after birth. However, it sup-
p o rts and adds some weight to the observ a-
tions of other epidemiological studies
(12,16,20) demonstrating a beneficial eff e c t
of breast feeding. However, the contro v e r s y
remains as to whether the apparent pro t e c-
tion aff o rded by breast milk merely re fle c t s
the later introduction of cows’ milk (25),
whose proteins are candidate risk factors for

Table 3—Perinatal and neonatal risk factors

Factor Cases Control subjects OR (95% CI)

n 196 325 —
Parity of mother†

First pregnancy 61 (31.1) 115 (35.4) 0.82 (0.56–1.19)
Birth order

First baby 81 (41.3) 141 (43.4) 0.91 (0.64–1.31)
Length of gestation†

#37 weeks 24 (12.2) 35 (10.8) 1.21 (0.69–2.10)
Small-for-dates†

,10th centile 6 (3.1) 7 (2.2) 1.63 (0.54–4.68)
Birth weight‡

2,500 to ,3,500 g 113 (58.5) 187 (58.1) 1.00 (—)
,2,500 g 11 (5.7) 23 (7.1) 0.89 (0.41–1.92)
$3,500 g 69 (35.8) 112 (34.8) 1.01 (0.68–1.51)

Head circumference‡
4th–96th centiles 127 (85.8) 199 (85.0) 1.00 (—)
#3rd centile 9 (6.1) 17 (7.3) 1.13 (0.43–3.01)
$97th centile 12 (8.1) 18 (7.7) 1.19 (0.53–2.69)

Birth length‡
4th–96th centiles 71 (64.8) 126 (68.8) 1.00 (—)
#3rd centile 11 (9.1) 10 (5.5) 2.09 (0.67–6.45)
$97th centile 39 (32.2) 47 (25.7) 1.29 (0.71–2.34)

Time to first gasp or cry
.1 min 24 (7.4) 19 (9.7) 1.38 (0.73–2.60)

Time to regular respiration
.1 min 11 (5.6) 17 (5.2) 1.15 (0.52–2.55)

Apgar score at minute‡
Normal 7–10 168 (85.7) 287 (88.3) 1.00 (—)
Moderate 4–6 25 (12.8) 31 (9.5) 1.32 (0.76–2.31)
Severe 0–3 3 (1.5) 7 (2.2) 0.77 (0.19–3.02)

Admission to special care baby unit 31 (15.8) 32 (9.9) 1.65 (0.97–2.79)
Neonatal illnesses

$1 61 (31.1) 73 (22.5) 1.61* (1.06–2.44)
Specific illnesses

Infections 18 (9.2) 22 (6.8) 1.47 (0.75–2.90)
Respiratory disorders 30 (15.3) 33 (10.2) 1.55 (0.90–2.65)
Hematological disorders 6 (3.1) 3 (0.9) 3.48 (0.86–14.08)

Congenital malformations
$1 6 (3.1) 18 (5.5) 0.46 (0.17–1.26)

Jaundice 58 (29.6) 80 (24.6) 1.30 (0.86–1.96)
Neonate treated by phototherapy 11 (5.6) 16 (4.9) 1.13 (0.49–2.57)
Neonatal drugs given

$1 20 (10.2) 34 (10.5) 0.96 (0.54–1.70)
Specific drugs

Anti-infectives 14 (7.1) 18 (5.5) 1.36 (0.65–2.83)
Antagonists for central and

respiratory system depression 6 (3.1) 14 (4.3) 0.62 (0.23–1.70)
Neonatal X-rays

$1 3 (1.5) 7 (2.2) 0.68 (0.17–2.68)
Neonatal scans

$1 2 (1.0) 2 (0.6) 1.41 (0.19–10.34)
Other neonatal investigations

$1 18 (9.2) 18 (5.5) 1.68 (0.84–3.33)
Initial exclusive breast feeding 73 (37.2) 151 (46.5) 0.65* (0.45–0.94)

Data are n (%) or OR (95% CI). *Significant at P , 0.05; †previously published (4); ‡cases and control sub-
jects with missing values were excluded from the analysis of continuous variables.
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childhood diabetes. Recent results from ani-
mal, immunological, and epidemiological
studies have failed to provide conclusive
evidence associated with the milk pro t e i n
bovine serum albumin, but beta casein is an
i n t e resting new candidate (26). Furt h e r
re s e a rch is still re q u i red to firmly establish
cows’ milk as an environmental pathogen
for type 1 diabetes.

A number of studies (13,14,27) have
shown a raised risk for first pregnancies and
fir s t b o rn children, with early onset disease
possibly being most affected (14). The
hygiene hypothesis postulates that immuno-
logical isolation in infancy may predispose to
later development of type 1 diabetes and
that early exposure to infections is pro t e c t i v e
(28,29). One of the possible predictions of
this hypothesis is an increased risk for fir s t-
b o rn children as shown by Wa d s w o rth et al.
(19), but our results along with others
(18,22) find no excess of type 1 diabetes in
fir s t b o rns. However, this does not necessar-
ily refute the hypothesis because the com-
plexity of exposure to infections cannot be
m e a s u red by a single variable.

Mothers with type 1 diabetes confer
i n c reased risk of the condition to their off-
spring (14,30), and we confirmed this.

A new finding was the re c o rding of
neonatal illnesses being significantly gre a t e r
for cases compared with control subjects.
Mothers with type 1 diabetes or with
p reeclampsia are more likely to have their
babies more closely observed and moni-
t o red after delivery, so increased levels of
o b s e rvation might account for the excess of
illnesses seen in the baby. However, there
w e re only four mothers with type 1 dia-
betes, and adjustment for maternal condi-
tions in the model did not remove the
statistical significance of neonatal illnesses.
The association for these nongenetic expo-

s u res remains an important one but it is dif-
ficult to explain biologically because the
range of illnesses was fairly broad, no single
condition accounted for the risk, and there
was no dose response. It may be that the
range of neonatal conditions are a pro x y
m e a s u re for an as yet unidentified risk factor.

A significant excess of case children in
association with preeclampsia in pre g n a n c y
has been observed in our own (4) and two
other studies (20,30); one study failed to
show an effect (14). The increased risk in
the Yo r k s h i re study was unaffected by con-
t rolling for neonatal illnesses and other fac-
tors, and the results like those of Jones et al.
(20) could not be biased by maternal re c a l l .
P reeclampsia may be the expression of an
immune response of the mother to the
fetus and there f o re re p resent early fetal
e x p o s u re to immune modulation that pre-
disposes to later type 1 diabetes.

In conclusion, early neonatal illnesses are
positively associated with increasing risk of
type 1 diabetes developing during child-
hood. Breast feeding immediately after birt h
is protective. A combined analysis of both
p renatal and perinatal factors investigating
potential confounding showed adverse intra-
uterine conditions, particularly pre e c l a m p s i a ,
as well as maternal factors, that is, mother’s
age and the presence of type 1 diabetes are
also important determinants of risk.
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