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Summary Associations of infant feeding patterns and 
milk consumption with cow's milk protein antibody 
titres were studied in 697 newly-diagnosed diabetic 
children, 415 sibling-control children and 86 birth-date- 
and sex-matched population-based control children in 
the nationwide "Childhood Diabetes in Finland" study. 
IgA and IgG antibody titres to the proteins of cow's 
milk formula, BLG and BSA, and IgM antibody titres 
to cow's milk formula proteins were measured by 
ELISA. Several inverse correlations were observed be- 
tween the duration of breast-feeding or age at introduc- 
tion of dairy products and antibody titres, and positive 
correlations were observed between milk consumption 
and antibody titres in all three populations studied. 
Multivariate analyses which included the infant feeding 
variables, milk consumption and current age simulta- 
neously showed that the earlier the introduction of 

dairy products and the greater the consumption of milk 
was, the higher several antibody titres were. High IgA 
antibody titres to cow's milk formula were associated 
with a greater risk of IDDM both among diabetic- 
population-control and diabetic-sibling-control pairs 
when adjusted for other cow's milk antibody titres, 
dietary variables and in diabetic-sibling-control pairs 
also for ICA. The results suggest that young age at in- 
troduction of dairy products and high milk consump- 
tion during childhood increase the levels of cow's milk 
antibodies and that high IgA antibodies to cow's milk 
formula are independently associated with increased 
risk of IDDM. [Diabetologia (1994) 37: 381-387] 
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Observations on the possible inverse association be- 
tween duration of breast-feeding or proportion of 
breast-fed children and the risk of IDDM have been 
conflicting [1, 2]. Several studies have suggested that an 
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early introduction of dairy products or other foods could 
be related to an increased risk of IDDM [3-7]. A de- 
tailed study of infant feeding patterns indicated that the 
age at introduction of dairy products had the closest as- 
sociation with the risk of IDDM when the duration of 
both overall and exclusive breast-feeding was taken into 
account [8]. This is in accordance with previous studies 
[9,10] which showed that the early introduction of dairy 
products increased the incidence of diabetes in dia- 
betes-prone Bio Breeding rats. Further, increased lev- 
els of antibodies to cow's milk formula, BLG and BSA 
have been observed in newly-diagnosed diabetic chil- 
dren [5, 11-13]. Recently, high BLG IgA antibody titres 
were suggested as a risk determinant of IDDM indepen- 
dently of early formula feeding, although early intro- 
duction of formula also remained a risk determinant [5]. 

The present study evaluates in a nationwide study 
the associations of early infant feeding patterns and 
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milk c o n s u m p t i o n  in ch i l dhood  wi th  cow's  milk p ro t e in  
a n t i b o d y  titres. Fur ther ,  the  associa t ions  o f  these  di- 
e t a ry  var iables  and  cow's  mi lk  a n t i b o d y  titres with the  
risk o f  I D D M  w e r e  s tud ied  in n e w l y - d i a g n o s e d  dia- 
bet ic  chi ldren,  u n r e l a t e d  siblings o f  d iabe t ic  ch i ldren  
and  p o p u l a t i o n - b a s e d  con t ro l  chi ldren.  

Subjects and methods 

In the nationwide "Childhood Diabetes in Finland" study on 
genetic and environmental determinants of childhood IDDM 
[14] detailed data were collected on infant feeding patterns and 
later childhood diet, and blood samples were collected for anal- 
yses of e. g. serum cow's milk antibodies, conventional cytoplas- 
mic ICA, and IAA. During the study period from September 
1986 to April 1989, 801 families with a newly-diagnosed child 
aged 0 to 14 years were invited to participate in the study. Of the 
diabetic children, 94% participated in the dietary study and a 
blood sample was obtained in 88 %. All the 3- to 19-year-old sib- 
lings of the diabetic subjects were invited to the study. Of these, 
82 % participated in the dietary study and a blood sample was 
obtained in 82 %. One non-diabetic sibling unrelated to the 
proband (from different family) matched for birth year (within 
2 years) and sex was selected from the families participating in 
the study. Siblings older than 14 years were excluded from the 
present analyses. In addition, birth-date- and sex-matched ran- 
dom population-based control children were collected from the 
Finnish national population registry for the 121 diabetic children 
younger than 7 years who were diagnosed from May 1988 to 
April 1989 [3]. Of these population-control children, 85 % par- 
ticipated in the dietary study and a blood sample was obtained in 
87 %. The final population of the present study comprises 697 
diabetic children aged 0 to 14 years, 415 sibling-control children 
aged 3 to 14 years and 86 population-control children aged 0 to 
6 years. They form 415 diabetic-sibling-control pairs (aged 3 to 
14 years) and 86 diabetic-population-control pairs (aged 0 to 
6 years). The ethical committees of all the participating hospitals 
have approved the study protocol. Informed consent was ob- 
tained from the participants. 

Dietary, sociodemographic, and neonatal data were col- 
lected using structured questionnaires [3, 6]. The dietary vari- 
ables used in the present study were the duration of overall 
(total) and exclusive (no other foods than breast-milk) breast- 
feeding, the age at introduction of dairy products (infant formu- 
las, cow's milk, yogurt, and other cow's milk products) and the 
amount of milk and sour milk (in glasses, 1 glass = 180 ml) con- 
sumed daily before taking part in the study and for diabetic chil- 
dren before any symptoms of diabetes had appeared. The neo- 
natal variables used in this study were birth weight, birth order, 
and prematurity of the child. Equal proportions of diabetic 
(12 %), sibling-control (15 %) and population-control children 
(15 %) were reported to have been born pre-term. Neither the 
mean birth weight of diabetic (3,565 g), sibling-control (3,590 g) 
nor population-control children (3,607 g) differ from each other. 
There were fewer diabetic children than sibling-control children 
whose birth order exceeded three (4 % vs 8 %, p = 0.01). Like- 
wise, a smaller proportion of diabetic children than population- 
control children had a birth order exceeding three (1% vs 8 %, 
p = 0.01). A smaller proportion of mothers of diabetic children 
compared with mothers of population-control children had been 
educated longer than 13 years (26% vs 42 %, p = 0.03). The 
length of the mother's education did not differ between diabetic 
and sibling-control children. Equal proportion of diabetic chil- 
dren (10 %), sibling-control children (12 %) and population- 
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control children (12 %) had a history of chronic allergic symp- 
toms. A history of acute gastroenteritis during the year preced- 
ing the study was more frequent among diabetic than popula- 
tion-control children (46 % vs 30 %,p = 0.04), whereas there was 
no difference between diabetic and sibling-control children 
(36 % vs 34 %). 

Cow's milk formula, BLG and BSA antibodies in serum sam- 
ples were measured by solid phase ELISA as described pre- 
viously in detail [13, 15]. Briefly, diluted serum samples were 
added to microtitre plates in parallel in wells coated with antigen 
and in non-coated wells, followed by alkaline phosphatase con- 
jugated swine anti-human IgG or IgA or IgM (Orion Diagnosti- 
ca, Helsinki, Finland). Diluted (1 : 500), defatted adapted liquid 
cow's milk formula (Tutteli; Valio Ltd, Helsinki, Finland) was 
used for coating in cow's milk antibody assay and these anti- 
bodies are referred to here as cow's milk formula antibodies. Ab- 
sorbance of the non-coated well was subtracted from the mean 
absorbance of the antigen-coated wells to obtain specific absorb- 
ance. A dilution series of a standard serum with a very high anti- 
body titre was included in each plate, and results were expressed 
as percent of the standard. 

ICA were determined by a standard indirect immunofluores- 
cence method performed on sections of frozen human group O 
pancreas. The antibodies were identified by the conventionalin- 
direct method [16] as described in detail earlier [17]. The levels 
of 1CA were analysed semiquantitatively using a scale from 0 to 
3 (0 = negative, 1 = weakly positive, 2 = positive, 3 = strongly 
positive). End-point dilution titres were examined in samples 
from 86 diabetic children and were expressed in Juvenile 
Diabetes Foundation (JDF) units relative to an international 
reference standard [18]. Of the diabetic children 79 %, of the sib- 
ling-control children 5 % and of the population-control children 
0 % were positive for ICA. IAA were measured by a modifica- 
tion of the liquid phase radioimmunoassay [19]. 

Statistical analysis 

All comparisons between diabetic and sibling-control children 
and between diabetic and population-control children were 
done with paired tests. The median values of the variables which 
were not normally distributed were compared with the sign test 
and the paired t-test was used for the normally distributed vari- 
ables. Spearman's coefficients of correlation were calculated be- 
tween cow's milk antibody titres (cow's milk formula, BLG and 
BSA) and dietary variables because the antibody titres were not 
normally distributed and logarithmic transformation did not 
normalize their distribution. Pearson's coefficients of correlation 
were calculated between log-transformed IAA and quantitative 
ICA values and dietary variables. Partial correlations were used 
for adjustment for age. ORs (95 % CIs) were used to estimate the 
associations of the dietary variables with the cow's milk antibody 
titres and to estimate the associations of the antibody titres and 
dietary variables with the risk of IDDM. Adjustment for the con- 
founding variables was performed by conditional matched logis- 
tic regression. The cow's milk antibody titres were dichotomized 
using the values in the fourth quartile as positive to antibodies. 
The division into quartiles was done according to the levels in the 
population-control children when studying diabetic-population- 
control pairs and according to the levels in the sibling-control 
children when studying diabetic-sibling-control pairs or when 
studying all diabetic children alone. The proportion of ICA posi- 
tivity among cow's milk antibody positive and negative children 
was compared with the McNemar test. 
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Table 1. Partial age-adjusted correlations of cow's milk antibody titres and IAA with dietary factors in 697 diabetic, 415 sibling-control 
and 86 population-control children 

Duration of overall 
breast-feeding 

Age at introduction 
of dairy products 

Current milk 
consumption 

r r r 

Cow's milk 
formula IgA 

Cow's milk 
formula IgG 

Cow's milk 
formula IgM 

BLG IgA 

BLG IgG 

BSA IgA 

BSA IgG 

IAA 

Diabetic children - 0.24 c 
Sibling-control children - 0.32 ~ 
Population-control children - 0.27 a 

Diabetic children - 0.15 ~ 
Sibling-control children - 0.25 c 
Population-control children - 0.13 

Diabetic children 0.08 a 
Sibling-control children - 0.09 
Population-control children - 0.05 

Diabetic children - 0.09 a 
Sibling-control children 0.02 
Population-control children - 0.28 b 

Diabetic children - 0.15 ~ 
Sibling-control children - 0.22 c 
Population-control children 0.08 

Diabetic children - 0.13 b 
Sibling-control children - 0.14 b 
Population-control children - 0.31 b 

Diabetic children - 0.12 b 
Sibling-control children - 0.13 ~ 
Population-control children - 0.25 a 

Diabetic children - 0.00 
Sibling-control children - 0.03 
Population-control children - 0.23 a 

- -  0.21 c 0.11 b 
-- 0.31 c 0.02 
- -  0.18 0.22 ~ 

- -  0.14 c 0.13 c 
-- 0.22 c 0.05 
--0.14 0.18 

0.06 0.02 
-- 0.08 0.07 

0.12 -- 0.06 

-- 0.07 0.01 
-- 0.01 0.04 
-- 0.12 -- 0.04 

-- 0.1@ 0.04 
- 0.20 c 0.02 

0.04 - 0.16 

- 0.t0 a 0.07 
- 0 . 1 2  a 0 . 1 2  a 

-0.19 0.15 

- 0 . 1 P  0.18 c 
- 0.18 c 0.21 ~ 
- 0.16 0.01 

0.03 0.04 
0.01 0.114 

- 0.27 a 0.06 

ap<0.05, bp<0.01, Cp<0.001 

Results 

Diet, cow's milk antibodies, ICA, and I A A  

Severa l  associa t ions  w e r e  o b s e r v e d  b e t w e e n  the  over -  
all d u r a t i o n  o f  b reas t - feed ing ,  the  age at i n t roduc t i on  
o f  da i ry  p roduc t s ,  and  cu r r en t  milk c o n s u m p t i o n  and  
cow's  mi lk  a n t i b o d y  ti tres (Table  1). T h e  cor re la t ions  
b e t w e e n  the  d u r a t i o n  o f  exclusive b rea s t - f eed ing  and  
cow's  milk a n t i b o d y  t i t res w e r e  similar  to  those  o f  the  
age at i n t r o d u c t i o n  o f  da i ry  p r o d u c t s  (da ta  no t  shown) .  
I A A  level  co r r e l a t ed  s ignif icant ly  wi th  the  d u r a t i o n  of  
b r ea s t - f eed ing  and  wi th  the  age at i n t r o d u c t i o n  o f  da i ry  
p r o d u c t s  on ly  in p o p u l a t i o n - c o n t r o l  ch i ldren  w h e n  ad- 
jus ted  for  cu r r en t  age  (Table  1). I n  the  s u b g r o u p  of  0- 
to  6-year -o ld  d iabe t ic  chi ldren,  in w h o m  quan t i t a t ive  
m e a s u r e m e n t  o f  s e r u m  I C A  ha d  b e e n  d o n e  (n = 86), no  
co r re la t ions  w e r e  o b s e r v e d  b e t w e e n  I C A  and  the  di- 
e t a ry  var iables .  C u r r e n t  mi lk  c o n s u m p t i o n  co r r e l a t ed  
inverse ly  wi th  the  d u r a t i o n  o f  overa l l  b r e a s t - f eed ing  
(r = - 0.15, p < 0.001) and  wi th  the  age at i n t r o d u c t i o n  
o f  da i ry  p r o d u c t s  ( r =  - 0 . 1 2 ,  p = 0.003) in d iabet ic  
ch i ldren  bu t  w h e n  ad jus ted  fo r  c u r r e n t  age  these  cor re -  
la t ions b e c a m e  non-s ignif icant .  A g rea t e r  p r o p o r t i o n  
o f  I C A  posi t ive  than  I C A  nega t ive  d iabe t ic  ch i ldren  
were  posi t ive  for  cow's  milk an t ibodies ,  the  on ly  excep-  

t ions  be ing  B L G  I g A  and  cow's  milk f o r m u l a  I g M  anti-  
bod ies  wh ich  w e r e  m o r e  f r equen t ly  nega t ive  in I C A  
posi t ive  d iabet ic  ch i ldren  (p < 0.001). 

T h e  on ly  d i f fe rences  b e t w e e n  d iabe t ic  and  sibling- 
con t ro l  ch i ldren  in infant  f eed ing  pa t t e rns  w e r e  the  
sho r t e r  d u r a t i o n  o f  overa l l  b reas t - f eed ing  of  the  
d iabet ic  ch i ldren  ( m e d i a n  values  5 vs 6 m o n t h s ,  
p = 0.008, respec t ive ly)  and  the  g rea te r  p r o p o r t i o n  o f  
d iabe t ic  ch i ldren  w h o  had  rece ived  da i ry  p r o d u c t s  by  
the  age  o f  6 m o n t h s  (75 % vs 67 %,  p = 0.01). A t  the  
t ime b e f o r e  d iagnos is  of  d iabe tes  d iabe t ic  ch i ldren  con-  
s u m e d  the  same  a m o u n t  of  milk dai ly as s ib l ing-cont ro l  
ch i ldren  ( m e a n  values  for  b o t h  g roups  3.4 glasses)  and  
p o p u l a t i o n - c o n t r o l  ch i ldren  ( m e a n  values  3.1 vs 2.8 
glasses).  A similar p r o p o r t i o n  o f  d iabe t ic  and  sibling- 
con t ro l  ch i ldren  (90 % vs 88 % )  and  d iabet ic  and  p o p u -  
l a t i on -con t ro l  ch i ldren  ( 9 1 %  vs 94 % )  c o n s u m e d  milk 
daily. 

A posi t ive  h i s to ry  for  al lergic s y m p t o m s  or  gas- 
t roenter i t i s  was no t  assoc ia ted  with the  cow's  milk anti- 
b o d y  ti tres in the  diabet ic ,  s ib l ing-cont ro l  or  p o p u l a -  
t i on -con t ro l  chi ldren.  Cow ' s  mi lk  a n t i b o d y  ti tres o f  
d iabe t ic  ch i ldren  w h o  had  a first d e g r e e  re la t ive  with 
I D D M  at the  t ime of  d iagnos is  o f  d iabe tes  did no t  differ  
f r o m  those  in o t h e r  d iabet ic  chi ldren.  Fu l l - t e rm 
diabet ic ,  s ib l ing-cont ro l  o r  p o p u l a t i o n - c o n t r o l  ch i ldren  
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Table 2. Adjusted ORs and 95 % CIs separately for different 
cow's milk antibody titres (highest quartile) in diabetic children, 
sibling-control children and population-control children by du- 
ration of overall breast-feeding (breast-feeding, _> 4 months), 

age at introduction of dairy products (dairy products, 
_>4 months) and current milk consumption (current milk, 
_> 3 glasses). All dietary variables were simultaneously included 
in each model. All models were adjusted for age 

Diabetic children 
n = 697 

OR 95 % CI 

Sibling-control children 
n=415 

Population-control children 
n =86 

OR 95 % CI OR 95 % CI 
Cow's milk formula IgA 
Breast-feeding 0.85 
Dairy products 0.59 
Current milk 1.59 

Cow's milk formula IgG 
Breast-feeding 0.93 
Dairy products 0.62 
Current milk 1.60 

Cow's milk formula IgM 
Breast-feeding 0.98 
Dairy products 1.13 
Current milk 1.61 

BLG IgA 
Breast-feeding 0.98 
Dairy products 0.71 
Current milk 1.03 

BLG IgG 
Breast-feeding 0.55 
Dairy products 1.16 
Current milk 1.35 

BSA IgA 
Breast-feeding 0.67 
Dairy products 0.82 
Current milk 1.59 

BSA IgG 
Breast-feeding 1.02 
Dairy products 0.73 
Current milk 1.78 

(0.52-1.40) 
(0.36-0.96) a 
(1.07-2.37)" 

(0.56-1.54) 
(0.38-1.02) 
(1.07-2.40) a 

(0.53-1.84) 
(0.61-2.08) 
(0.96-2.68) 

(0.59-1.61) 
(0.44-1.15) 
(0.70-1.51) 

(0.33-0.94) a 
(0.69-1.93) 
(0.90-2.01) 

(0.40-1.10) 
(0.50-1.34) 
(1.07-2.35) a 

(0.61-1.72) 
(0.44-120) 
(1.19-2.67)" 

1 . 0 9  (0.53-2.26) 0 . 6 3  (0.08-5.05) 
0.42 (0.20-0.87) a 1 . 0 0  (0.19-5.21) 
0.78 (0.45-1.34) 6 . 8 9  (1.76-27.0) a 

0 . 9 3  (0.45-1.95) 0.88 (0.11-7.35) 
0.57 (0.28-1.19) 0.94 (0.18-4.85) 
1 . 2 8  (0.74-2.20) 2 . 8 3  (0.87-9.19) 

0 . 8 1  (0.39-1.70) 0.32 (0.02-4.28) 
0 . 9 1  (0.43-1.89) 2.97 (0.32-28.0) 
0.76 (0.45-1.29) 0.70 (0.25-1.96) 

2 . 0 3  (0.99-4.18) 0.68 (0.08-6.18) 
0 . 4 1  (0.20-0.84) ~ 1 . 0 9  (0.18-6.49) 
1 . 2 3  (0.71-2.13) 0.84 (0.29-2.42) 

2.12 (1.02-4.39) ~ 1 . 0 7  (0.05-22.3) 
0.30 (0.15-0.63)" 3.78 (0.40-35.7) 
1 . 2 6  (0.72-2.19) 1 . 3 5  (0.46-3.99) 

1 . 0 1  (0.48-2.12) 0.66 (0.08-5.12) 
0 . 6 3  (0.30-1.31) 0.66 (0.13-3.40) 
1 . 2 1  (0.70-2.10) 3 . 2 1  (0.91-11.3) 

0.69 (0.32-1.50) 1 . 0 4  (0.14-7.79) 
0.54 (0.25-1.17) 0.36 (0.07-1.81) 
2.90 (1.52-5.56)" 0 . 8 1  (0.27-2.38) 

ap < 0.05 for significant ORs and their 95 % CIs 

did not differ f rom pre- term ones in their cow's milk 
ant ibody titres. 

The associations be tween  dietary variables and 
cow's milk antibodies were studied further by including 
simultaneously the overall durat ion of breast-feeding 
( > 4 months),  the age at introduction of dairy products  
( > 4 months),  current  milk consumption ( > 3 glasses 
daily), and current  age (continuous) in a logistic regres- 
sion model  explaining each cow's milk ant ibody titre in 
diabetic children, sibling-control children and popula-  
t ion-control children (Table 2). In the diabetic chil- 
dren, the overall durat ion of breast-feeding was inver- 
sely associated with B L G  IgG ant ibody titres, the age at 
introduction of dairy products  inversely and current  
milk consumption positively with cow's milk formula 
IgA ant ibody titres, and current milk consumption 
positively with cow's milk formula IgG and B S A  IgA 
and IgG ant ibody titres. In the sibling-control children, 
the age at introduction of  dairy products  was inversely 
associated with cow's milk formula IgA, B L G  IgA and 
B L G  IgG ant ibody titres, and current  milk consump- 

tion positively with B S A  IgG ant ibody titres. In addi- 
tion, the durat ion of  overall breast-feeding was posi- 
tively associated with B L G  IgG ant ibody titres in the 
sibling-control children. In the populat ion-control  
children, current  milk consumption was associated 
with increased titres of cow's milk formula IgA anti- 
body. 

Risk of l D D M  

In univariate analyses most  of the cow's milk antibodies 
were associated with the risk of I D D M  both among 
diabetic-sibling-control pairs and among diabetic- 
populat ion-control  pairs (Table 3). When  all the cow's 
milk antibodies were  included in the logistic model  at 
the same time, IgA antibodies to B S A  ( O R  1.59, 95 % 
CI 1.13-2.24) and B L G  ( O R  1.44, 95 % CI 1.03-2.02) 
and IgM antibodies to cow's milk formula ( O R  0.62, 
95 % CI 0.41-0.92) were significantly associated with 
the risk of I D D M  among diabetic-sibling-control pairs. 
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Table 3. Unadjusted and adjusted ORs and 95 % CIs for risk of IDDM among diabetic-sibling-control pairs and diabetic-population- 
control pairs 

Risk of IDDM 
Diabetic vs sibling-control children (n = 830) Diabetic vs population-control children (n = 172) 

Unadjusted Adjusted a Unadjusted Adjusted a 
OR 95 % CI OR 95 % CI OR 95 % CI OR 95 % CI 

Overall breast-feeding 0.82 
> 4 months 
Supplementary milk 0.82 
feeding _> 4 months 
Current milk consump- 1.10 
tion > 3 glasses 
Cow's milk formula 
- IgA (4 dl quartile) 1.80 
- IgG (4 ~h quartile) 1.49 
- IgM (4 th quartile) 0.72 
BLG IgA (4 th quartile) 1.60 
BLG IgG (4 ~h quartile) 1.49 
BSA IgA (4 t~ quartile) 1.92 
BSA IgG (4 th quartile) 1.67 
Positive ICA 60.6 

(0.59-1.13) 1.68 (0.33-8.72) 0.54 (0.21-1.37) 1.12 (0.25-5.00) 

(0.60-1.13) 0.44 (0.08-2.42) 0.58 (0.30 1.14) 1.01 (0.35-2.89) 

(0.80-1.51) 2.33 (0.86~5.35) 1.10 (0.60-2.00) 0 .95 (0.41-2.17) 

(1.33-2.44) b 6.70 (1.52-29.6) b 3.08 (1.59-5.97) b 4 .55 (1.48-14.0) b 
(1.09-2.05) b t .83  (0.60-5.56) 1.54 (0.76-3.12) 0 .70  (0.22-2.29) 
(0.51-1.02) 0.10 (0.034).40) b 0.81 (0.39-1.71) 0 .52  (0.19-1.45) 
(1.19-2.16) b 1.49 (0.59-3.75) 2.54 (1.32-4.87) b 1.83 (0.81-4.15) 
(1.09-2.04) b 1.00 (0.27-3.71) 1.40 (0.72-2.74) 0 .86  (0.32-2.32) 
(1.41-2.61) b 0.56 (0.20-1.56) 2.15 (1.114.20) b 0 .67  (0.21-2.09) 
(1.23-2.28) b 0.99 (0.38-2.58) 2.18 (1.06-4.50) 8 1.33 (0.46-3.85) 
(25.0-147) b 455 (56.6-3660) b . . . .  

a Adjusted for all other variables in the table. 
b p < 0.05 for significant ORs and their 95 % CIs 

Among  diabetic-population-control pairs only IgA 
antibodies to cow's milk formula ( O R  3.63, 95 % CI 
1.36-9.70) remained significant when  all the antibodies 
were included in the same model.  When  adjusted for all 
the other cow's milk antibodies, the overall durat ion of 
breast-feeding, age at introduction of dairy products, 
and current milk consumption,  and in diabetic-sibling- 
control pairs also for ICA,  IgA antibodies to cow's milk 
formula were significant among both diabetic-sibling- 
control pairs and diabetic-population-control pairs and 
IgM antibodies to cow's milk formula were inversely 
associated with the risk of I D D M  among diabetic-sib- 
ling-control pairs (Table 3). When  I C A  was removed 
from this model  only IgA antibodies to cow's milk for- 
mula remained significantly associated with an in- 
creased risk of I D D M  (OR 1.83, 95 % CI 1.11-3.01) 
among diabetic-sibling-control pairs. The adjustment  
for length of mother 's  educat ion ( <_ 13 years, 
> 13 years) or child's birth order ( < 3, > 3) changed 
none of the results. 

Discussion 

Ingested cow's milk protein induces an immune re- 
sponse as early as during the first weeks of life [20]. 
Feeding practices affect the level of serum IgG cow's 
milk antibodies during the first 6 months,  exclusively 
breast-fed infants having lower levels than  cow's milk 
formula-fed infants or breast-fed infants who receive 
cow's milk supplementat ion [21-23]. However,  the dif- 
ferences tend to diminish thereafter;  e.g. at the age of 
2.5 years no differences were found in cow's milk for- 

mula IgG ant ibody titres in healthy children breast-fed 
either longer or shorter than 5 months  [22]. Introduc- 
tion of cow's milk or cow's milk formula did not  affect 
cow's milk formula or B L G  IgA and IgM antibody lev- 
els either [22, 24]. We observed in the population-con- 
trol children inverse age-adjusted correlations between 
durat ion of overall breast-feeding and IgA ant ibody 
titres to cow's milk formula,  B L G  and BSA, and IgG 
ant ibody titres to BSA. Serum antibodies to cow's milk 
proteins are detectable even in heal thy adults [25]; 
however, a quantitative relationship be tween these 
antibodies and milk consumption has not  been  demon- 
strated. 

In a Swedish study it was observed that the longer 
the durat ion of breast-feeding or the later the introduc- 
tion of formula feeding was, the lower the IgA ant ibody 
titres to cow's milk formula and IgG ant ibody titres to 
B L G  were among diabetic and control children who 
were pooled in the correlation analyses [5]. Our  study 
confirmed these findings. In addition, we found inverse 
age-adjusted correlations between these infant feeding 
variables and cow's milk formula IgG, B L G  IgA, and 
BSA IgA and IgG antibodies and positive correlations 
between current milk consumption and IgA and IgG 
ant ibody titres to cow's milk formula and BSA in either 
diabetic children, sibling-control children or popula- 
t ion-control children. Multivariate analyses which in- 
cluded the two infant feeding variables and current 
milk consumption simultaneously showed that  the ear- 
lier dairy products were introduced to the child and the 
greater the consumption of milk was, the higher cow's 
milk ant ibody titres were both in the diabetic children 
and sibling-control children. 
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We have recently shown in the "Childhood Diabetes 
in Finland" study population that an early age at intro- 
duction of dairy products was associated with an in- 
creased risk of IDDM independently of the duration of 
breast-feeding [8]. The newly-diagnosed diabetic chil- 
dren had higher serum IgA and IgG antibody titres to 
cow's milk formula, BLG and BSA compared with age- 
matched population-control children or non-diabetic 
sibling-control children [13; and unpublished data]. Of 
the various cow's milk antibodies, IgA antibodies to 
BSA and BLG were, independently of other cow's milk 
antibodies, associated with an increased risk of IDDM 
among diabetic-sibling-control pairs, whereas IgM 
antibodies to cow's milk formula showed an inverse 
association. Among diabetic-population-control pairs 
IgA antibodies to cow's milk formula were associated 
with an increased risk of IDDM independently of other 
cow's milk antibodies. When infant feeding patterns, 
milk consumption and ICA were taken into account in 
the analyses, high IgA and low IgM antibodies to cow's 
milk formula remained independently associated with 
an enhanced risk of I D D M  among diabetic-sibling- 
control pairs. Among diabetic-population-control 
pairs high IgA antibody titres to cow's milk formula 
were, independently of other cow's milk antibodies and 
dietary variables, associated with an increased risk of 
IDDM. The fact that only some of the antibody fitres 
were significant in the logistic regression models where 
also dietary variables were included may be related to 
differences in the amount of measurement error in 
these variables. Our findings in diabetic-sibling-control 
and diabetic-population-control pairs are at variance 
with the Swedish study, in which high IgA antibody 
titres to BLG were, independently of other cow's milk 
antibodies and formula feeding, associated with in- 
creased risk of IDDM [5]. 

Although the associations between enhanced levels 
of IgA antibodies to cow's milk proteins and an in- 
creased risk of IDDM do not provide any evidence of 
a direct involvement of these cow's milk antibodies in 
the progressive beta-cell destruction characteristic of 
IDDM, there are some recent observations which in- 
dicate that as a possibility. A new islet cell antigen, p69 
or ICA 69, has been characterized and there are sev- 
eral stretches of this protein which show considerable 
molecular homology with BSA [26]. Affinity purified 
BSA antibodies have also been shown to bind to a 
beta-cell membrane protein [27], which is obviously 
identical to p69. A pathogenetic model for IDDM has 
been developed based on early exposure to cow's milk 
proteins, including BSA, in genetically susceptible in- 
dividuals resulting in the formation of immunological 
memory cells sensitized to antigenic epitopes of BSA 
[28]. Although this model is still speculative, it favours 
the view that the increased levels of antibodies to 
cow's milk proteins observed may represent a cross-re- 
active immune response reflecting ongoing beta-cell 
destruction. This is supported by the observed associ- 
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ations between ICA and antibodies to cow's milk pro- 
teins. 

Surprisingly few differences were observed in infant 
feeding patterns between diabetic children and their 
sibling-control children. The lack of significant associ- 
ations between the infant feeding variables and the risk 
of IDDM in the present diabetic-population-control 
population was due to the small number of population- 
control children in whom cow's milk antibodies were 
measured. 

We did not observe any differences in current milk 
consumption between diabetic and sibling-control 
children or between diabetic and population-control 
children. The large amounts of milk, on average about 
500-600 g daily, consumed by these children may ex- 
plain why it is not likely to find any differences between 
the groups. The consumption of other milk products 
than milk or sour milk or foods containing milk were 
not included in the present study. The total daily con- 
sumption of milk and milk products by Finnish 3- to 12- 
year-old children was about 700 g in 1980 [29]. In Swed- 
ish children, an inverse association was found between 
the frequency of milk consumption and the risk of 
IDDM [30]. A positive ecological correlation has been 
observed between cow's milk consumption and in- 
cidence of I D D M  in several western countries [31, 32]. 

Our results suggest that both the age at introduction 
of dairy products and the amount of milk consumed 
during childhood affect the levels of cow's milk anti- 
bodies in all three populations studied. Of the cow's 
milk antibodies, high IgA antibodies to cow's milk for- 
mula were independently associated with increased 
risk of IDDM both among diabetic-sibling-control and 
diabetic-population-control pairs when infant feeding 
patterns, current milk consumption and in diabetic-sib- 
ling-control pairs also ICA were taken into account. 
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