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The evidence for the putative role of cow’s milk in the
development of type 1 diabetes is controversial. We stud-
ied infant feeding patterns and childhood diet by struc-
tured questionnaire (n = 725) and HLA-DQB1 genotype by
a polymerase chain reaction-based method (n = 556) in
siblings of affected children and followed them for clini-
cal type 1 diabetes. In a nested case-control design in a
population who had both dietary and genetic data avail-
able, we selected as cases those siblings who progressed
to clinical diabetes during the follow-up period (n = 33).
For each case, we chose as matched control subjects sib-
lings who fulfilled the following criteria: same sex, age
within 1 year, not from the same family, the start of the fol-
low-up within 6 months of that of the respective case,
and being at risk for type 1 diabetes at the time the case
presented with that disease (n = 254). The median follow-
up time was 9.7 years (range 0.2-11.3). Early age at intro-
duction of cow’s milk supplements was not significantly
associated with progression to clinical type 1 diabetes
(relative risk adjusted for matching factors, maternal
education, maternal and child’s ages, childhood milk con-
sumption, and genetic susceptibility markers was 1.60
[95% CI 0.5-5.1]). The estimated relative risk of childhood
milk consumption for progression to type 1 diabetes was
5.37 (1.6-18.4) when adjusted for the matching and afore-
mentioned sociodemographic factors, age at introduction
of supplementary milk feeding, as well as for genetic sus-
ceptibility markers. In conclusion, our results provide
support for the hypothesis that high consumption of cow’s
milk during childhood can be diabetogenic in siblings of
children with type 1 diabetes. However, further studies are
needed to assess the possible interaction between genetic
disease susceptibility and dietary exposures in the devel-
opment of this disease. Diabetes 49:912-917, 2000

From the School of Public Health (S.M.V,, E.H.) and Medical School (S.M.V.,
M.K.), University of Tampere; Tampere Diabetes Research Center (S.M.V,,
E.H., M.K.); Department of Pediatrics (S.M.V., M.K.), Tampere University
Hospital, Tampere; the Departments of Mathematical Sciences (E.L.) and
Pediatrics (M.K.), University of Oulu, Oulu; the Division of Nutrition (L.R.)
and the Hospital for Children and Adolescents (H.K.A.), University of
Helsinki; and the Department of Nutrition (A.A.), National Public Health
Institute, Helsinki; Turku Immunology Center and Department of Virology
(H.R., J.1), University of Turku, Turku, Finland; and Virginia Mason Research
Center (H.R.), Seattle, Washington.

Address correspondence and reprint requests to Suvi M. Virtanen, MD,
School of Public Health, 33014 University of Tampere, Tampere, Finland.
E-mail: suvi.virtanen@uta.fi.

Received for publication 9 August 1999 and accepted in revised form
22 February 2000.

OR, odds ratio.

912

he putative diabetogenicity of cow’s milk has been

debated since the animal experiment by Elliott and

Martin (1), showing that the risk of diabetes in BB

rats could be decreased by feeding a semisynthetic
amino acid diet instead of a milk protein supplementation
diet from weaning. The findings from our Finnish case-control
study were the first to suggest in humans a relationship
between the early introduction of supplementary cow’s milk
feeding and an increased risk of type 1 diabetes (2) indepen-
dent of the duration of breast-feeding (3). The results from
case-control studies on the role of the consumption of cow’s
milk later in childhood as a possible risk factor of type 1 dia-
betes are conflicting (4-6). The only cohort study available sug-
gests that consumption of cow’s milk during childhood may
be an important risk determinant among siblings of affected
children (7). Geographical comparisons have shown a strong
positive correlation between per capita cow’s milk consump-
tion and the risk of type 1 diabetes in children (8,9). Both
increased humoral and cell-mediated immune responses to
cow’s milk proteins have been observed in newly diagnosed
children with type 1 diabetes compared with those in control
children (10). Cow’s milk protein antibody levels were also
found to be higher in affected children than in control siblings
when matched for HLA-DQBL1 risk alleles (11).

Data on a possible combined effect of cow’s milk con-
sumption and increased genetic predisposition to type 1 dia-
betes are scanty. The findings of 2 case-control studies indi-
cate that there might be an interaction between increased
genetic disease susceptibility based on HLA class Il alleles and
the early introduction of supplementary milk feeding during
infancy on the risk of type 1 diabetes (12,13). In the present
prospective follow-up of a cohort of siblings of affected chil-
dren, we evaluated the effect of cow’s milk exposure during
infancy and later in childhood and of increased genetic sus-
ceptibility defined by HLA-DQB1 markers on the risk of
developing type 1 diabetes.

RESEARCH DESIGN AND METHODS

Subjects. In the nationwide Childhood Diabetes in Finland case-control
study on genetic and environmental determinants of childhood type 1 diabetes
(14), 801 families with a child presenting with clinical disease over a period
from September 1986 to April 1989 were invited to participate. Detailed data
were collected on infant feeding patterns and later childhood diet (3,15).
Apart from the probands, all unaffected siblings between 3 and 19 years of age
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were also asked to take partin the study. Among them, 82% participated in the
dietary survey. In addition, 37 siblings younger than 3 years of age and 8 older
than 19 years of age wanted to participate in the study by their own or their
parents’ initiative. Altogether, dietary data were available from 725 siblings,
who form the source population of the present study. The median age of the
siblings at the beginning of the study (at the time the index child developed
diabetes) was 9.4 years (range 0.4-24.9).

The ethics committees of all participating hospitals approved the study
protocol. Informed consent was obtained from the participating families.
Assessment of diet and sociodemographic characteristics. Dietary and
sociodemographic data were collected from the siblings by structured ques-
tionnaires at the time of diagnosis of type 1 diabetes in the index child (2). In
the present study, the following infant feeding variables were used: the dura-
tion of overall (total, also includes the time period during which the child
received other foods in addition to breast-feeding) breast-feeding, and the age
at introduction of cow’s milk products in infancy (infant formulas, cow’s milk,
other cow’s milk products). The average combined amount of milk and sour
milk consumed each day (in glasses [1 glass = 180 g]) over a 6-month period
before entering the study was determined. The sociodemographic variables
used in the present study were age and sex of the child, the length of educa-
tion of the mother, and maternal age (at the time of the birth of the sibling).
HLA-DQB1 genotyping. Polymerase chain reaction-based HLA-DQB1 typ-
ing was successfully carried out in 556 siblings by means of a method that has
been described in detail previously (16,17). The alleles associated with strong
(DQB1*0302) and weak (DQB1*02) susceptibility to disease as well as strong
(DQB1*0602 or *0603) and weak (DQB1*0301) protection were typed. HLA-
DQB1*02/0302 heterozygosity confers the highest risk of type 1 diabetes,
*0302 alone in the absence of protective alleles confers moderate risk, and the
remaining genotypes confer low or decreased risk (17). All siblings were
invited to give a DNA sample regardless of the subsequent diabetes status of
the child. Altogether, a somewhat larger proportion of those siblings who
progressed to type 1 diabetes during the follow-up (35 of 39 [90%]) were
typed compared with other siblings (521 of 686 [76%)]).

Outcome measure. As an outcome measure, we used the presentation with
clinical type 1 diabetes over the time period from the diagnosis of diabetes in
the index child until 31 December 1997. Information on the newly diagnosed
case of type 1 diabetes were obtained from the Central Drug Registry of the
Finnish Social Insurance Institution as described earlier (18).

Sampling of cases and control subjects. Because the data on the HLA-DQB1
genotype were available for a larger proportion of those children who pro-
gressed to clinical diabetes during the follow-up compared with those who did
not, it was not possible to analyze the data according to a full cohort design.
Therefore, we adopted the following nested case-control strategy for sampling
case and control subjects: For each sibling who developed type 1 diabetes dur-
ing the follow-up period and who had dietary and HLA-DQB1 data available
(n = 33), we chose all of the possible control siblings from the source popu-
lation who fulfilled the following criteria: same sex, age within + 1 years (at
the time of entry to the study), not from the same family, the start of the fol-
low-up within 6 months of that of the respective case (recruitment lasted
32 months), and being at risk of diabetes (nondiabetic) at the time when the
case presented with clinical disease. Altogether, we identified 254 eligible con-
trol subjects: the mean number of control subjects for each case was 7.7
(range 1-22). The median (range) age of the cases was 7.2 years (1.8-16.2) and
that of the control subjects was 8.3 years (1.6-16.9). Median duration of fol-
low-up since diagnosis of diabetes in the index child (the time at which
dietary information also was collected) until diagnosis of diabetes or end of
follow-up was 9.7 years (0.2-11.3).

Statistical methods. The relative risks of developing type 1 diabetes during
the follow-up period associated with the potential risk factors of interest
were estimated by the conditional logistic regression model. In this analysis,
matching was retained and all of the selected risk factors as well as the
sociodemographic variables (child’s age, maternal age, and maternal length of
education) were included, thus simultaneously adjusting for the possible con-
founding induced by these variables. Adjustment for child’s age was included
because in spite of matching, a small difference was observed in the median
age of case and control subjects.

RESULTS

The nondiabetic siblings who were typed did not differ from
the untyped ones with respect to sex, length of maternal
education, duration of total breast-feeding, age at introduc-
tion of milk supplements, and childhood milk and sour milk
consumption (Table 1). The mean age was somewhat lower
in the typed siblings than in the untyped ones (9.5 vs. 10.8
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years). There was a smaller proportion of younger mothers
among the typed siblings compared with the untyped ones.

A larger proportion of cases than control subjects had con-
sumed 3 3 glasses of milk and sour milk daily before entering
the study, whereas the proportions of cases and control sub-
jects who had been breast-fed for at least 2 months or had
received cow’s milk supplement before the age of 2 months
did not differ (Table 2). There was no correlation between the
length of follow-up and amount of cow’s milk consumed in the
cases (r = 0.074, P = 0.68). The prevalences of the risk-con-
ferring alleles HLA-DQB1*02 and *0302 were clearly higherin
case than in control subjects. In all, 79% of the case and 30%
of the control subjects carried a moderate- or high-risk HLA-
DQBL1 genotype. The proportion of mothers having a long
education (3 13 years) tended to be higher among cases than
control subjects (Table 2). An equal proportion of case and
control subjects lived in rural areas, and there was no dif-
ference in the average income of the families between case
and control subjects (data not shown).

The matched odds ratios (ORs) (i.e., adjusted for the
matching factors only by conditional logistic regression) for
the development of type 1 diabetes associated with the
dietary, genetic, and maternal sociodemographic variables are
also presented in Table 2.

TABLE 1
Distribution of sociodemographic and dietary factors in the
nonaffected siblings by availability of information on HLA-DQB1
genotype

Siblings Siblings
typed for not typed for
HLA-DQB1 HLA-DQB1
alleles alleles
n 556 169
Boys 47 46
Maternal education (years)
6-9 26 31
10-12 35 27
13-22 35 34
Missing data 4 8
Maternal age (years)
17-22 26 35
23-29 52 41
30-44 22 23
Missing data 0 1
Duration of total
breast-feeding (months)
<2 12 14
=2 82 78
Missing data 6 8
Age at introduction of milk
supplements (months)
<2 21 24
=2 68 67
Missing data 11 9
Childhood milk and sour milk
consumption (glasses/day)
<3 33 36
=3 66 64
Missing data 1 0

Data are %.
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TABLE 2
Distribution of sociodemographic, dietary, and genetic factors by disease status in the siblings of affected children and matched ORs
for development of type 1 diabetes

Cases Control subjects Matched OR*
[n (%] [n (%] (95% CI)
n 33 254 —
Boys 46 (15) 49 (124)
Girls 54 (18) 51 (130)
Maternal education (years)
6-9 15 (5) 25 (64) 1.0
10-12 18 (6) 37 (95) 0.66 (0.2-2.4)
13-22 61 (20) 34 (86) 2.56 (0.9-7.5)
Missing data 6 (2) 4(9)
Maternal age (years)
17-22 12 (4) 23 (59) 1.0
23-29 49 (16) 50 (127) 1.69 (0.5-5.4)
30-44 39 (13) 27 (68) 2.33(0.7-8.1)
Duration of total breast-feeding (months)
<2 12 (4) 12 (31) 1.0
32 85 (28) 83 (211) 1.11 (0.3-3.7)
Missing 3(1) 5(12) —
Age at introduction of milk supplements (months)
<2 24 (8) 21 (53) 1.85 (0.7-4.8)
32 64 (21) 68 (173) 1.0
Missing 12 (4) 11 (28) —
Childhood milk and sour milk consumption (glasses/day)
<3 15 (5) 35 (88) 1.0
33 85 (28) 65 (166) 3.24 (1.2-8.7)
HLA-DQB1 genotype determined risk of diabetest
Low/decreased 21 (7) 70 (178) 1.0
Moderate 33 (11) 21 (53) 443 (1.6-12.1)
High 46 (15) 9 (23) 10.8 (4.1-28.5)

*Matched for age, sex, and start of follow-up. TThe HLA-DQBL1 genotypes were classified as conferring high risk (DQB1*02/0302),
moderate risk (DQB1*0302/x, where x stands for alleles other than *02, *0301, *0602, or *0603), low risk (DQB1*0301/0302, *02/0301,
*02ly, where y stands for *02 or neutral alleles, or *0302/0602 or 0603), and decreased risk (other alleles).

In the model in Table 3, we simultaneously included age at
introduction of supplementary milk feeding, childhood milk
consumption, and HLA-DQB1 genotype risk classification
together with maternal and child’s ages and length of mater-
nal education and the matching factors. Both high con-
sumption of cow’s milk during childhood and moderate- and
high-risk genotypes were related to development of type 1 dia-
betes, whereas the age at introduction of supplementary milk
feeding was not yet significantly associated with the devel-

opment of diabetes. The removal of the cases with the short-
est follow-up did not change the results. When the cases with
<2 years of follow-up were excluded, the respective OR for
childhood milk consumption was 7.8 (95% CI 1.5-40.1).

We also evaluated the possible modification of the effect of
childhood milk consumption by HLA-DQB1-conferred genetic
risk grouping and stratified the data jointly by these 2 factors.
It was found that 67% (22 of 33) of the cases were both carrying
a high- or moderate-risk genotype and had a high milk con-

TABLE 3

Adjusted relative ORs for development of type 1 diabetes associated with dietary factors and HLA-DQB1-defined disease risk
OR* (95% CI) P

Age at introduction of supplementary milk feeding (<2 vs. 3 2 months) 1.60 (0.5-5.1) 0.43

Childhood milk and sour milk consumption (3 3 vs. <3 glasses) 5.37 (1.6-18.4) 0.008
HLA-DQB1-defined risk of type 1 diabetest
Moderate vs. low/decreased 4.60 (1.5-13.8) 0.007
High vs. low/decreased 16.7 (4.8-57.7) 0.001

*Adjusted for the matching factors and the length of maternal education, maternal and child’s ages, and the other 2 variables in this
table by conditional logistic regression. tThe HLA-DQB1 genotypes were classified as conferring high risk (DQB1*02/0302), mod-
erate risk (DQB1*0302/x, where x stands for alleles other than *02, *0301, *0602, or *0603), low risk (DQB1*0301/0302, *02/0301, *02/y,
where y stands for *02 or neutral alleles, or *0302/0602 or 0603), and decreased risk (other alleles).
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TABLE 4

Distribution of childhood milk consumption among cases of type 1 diabetes (n = 33) and their matched control subjects (n = 254)
stratified by HLA-DQB1 risk group and the adjusted ORs and 95% CI of type 1 diabetes associated with milk consumption

Childhood Adjusted OR* for
HLA-DQBL1 risk group milk consumption Cases [n (%)]  Control subjects [n (%)] milk consumption (95% CI)
Low/decreased <3 Glasses/day 1(14) 55 (31) 1.0
33 Glasses/day 6 (86) 123 (69) 2.36 (0.27-21.1)
Total 7 (100) 178 (100)
Moderate <3 Glasses/day 19 23 (43) 1.0
33 Glasses/day 10 (91) 30 (57) 11.1 (0.92-134)
Total 11 (100) 53 (100)
High <3 Glasses/day 3(20) 10 (43) 1.0
33 Glasses/day 12 (80) 13 (57) 5.64 (0.87-36.7)
Total 15 (100) 23 (100)

*Adjusted for the matching factors, the length of maternal education, and maternal and child’s ages, and stratified for HLA-DQB1

risk grouping.

sumption, whereas this proportion among the control subjects
was only 17% (43 of 254) (Table 4). A conditional logistic
regression model was fitted in which the OR for milk con-
sumption was allowed to be different in the 3 genetic risk
groups. The results suggested that the relative risk associated
with childhood milk consumption was higher in the groups at
moderate and high genetic risk than in the low/decreased risk
group. When combining high and moderate genetic risk
groups, the OR for milk consumption in the high/moderate risk
group was 6.34 (95% CI 1.69-23.8, P = 0.006) and in the
low/decreased risk group was 2.40 (0.27-21.2, P = 0.43). How-
ever, the statistical evidence for this kind of effect modifica-
tion was insufficient both in that case, in which the genetic risk
was graded into 2 groups, and also when it was graded into 3
groups (P = 0.66 and 0.48, respectively, for interaction
between milk consumption and genetic risk grouping). Simi-
lar analyses were performed for the modification of the dia-
betogenic effect of young age (<2 months) at introduction of
supplementary milk by genetic disease susceptibility, but no
consistent pattern for the group-specific estimates of relative
risk were observed (Table 5). Neither did we observe any
interaction between age at introduction of supplementary
milk and childhood milk consumption (data not shown).

TABLE 5

DISCUSSION

Previous results concerning the diabetogenicity of cow’s
milk are controversial as are the conclusions drawn from
such studies (19-22). Findings from a recent prospective
cohort study from the same Childhood Diabetes in Finland
project with 2-years-shorter follow-up suggested that a high
level of consumption of cow’s milk during childhood (>0.5
liters daily) increases the risk of type 1 diabetes 3-fold among
siblings of affected children (7). In the present nested case-
control study, we observed that when the HLA-DQB1 sus-
ceptibility markers of type 1 diabetes were also taken into
account along with usual sociodemographic confounding
factors and infant feeding variables, the relative risk associ-
ated with high consumption of cow’s milk was 5.4.

Some case-control studies, but not all, have shown that
early introduction of cow’s milk during infancy may be dia-
betogenic (21,22). The statistical power of the available
cohort study (7) and another nested case-control study (23)
addressing the effect of the early introduction of cow’s milk
feeding on the development of type 1 diabetes and/or on the
seroconversion to positivity of diabetes-specific autoanti-
bodies was too weak to detect a relative risk of the same mag-
nitude as that observed in case-control studies.

Distribution of age at introduction of supplementary milk feeding among cases of type 1 diabetes (n =29) and their matched control
subjects (n = 226) stratified by HLA-DQBL risk group and the adjusted ORs and 95% CI of type 1 diabetes associated with age at
introduction of supplementary milk feeding

Age at introduction of Cases Control subjects Adjusted OR* for age at introduction
HLA-DQBL1 risk group supplementary milk feeding  [n (%)] [n (%)] of supplementary milk feeding (95% CI)
Low/decreased <2 months 2 (40) 37 (24) 1.0
32 months 3(60) 119 (76) 2.74 (0.40-18.8)
Total 5 (100) 156 (100)
Moderate <2 months 2 (20) 12 (26) 1.0
32 months 8 (80) 35 (74) 1.28 (0.17-9.5)
Total 10 (100) 47 (100)
High <2 months 4(29) 4(17) 1.0
32 months 10 (71) 19 (83) 2.36 (0.40-13.9)
Total 14 (100) 23 (100)

*Adjusted for the matching factors, the length of maternal education, and maternal and child’s ages, and stratified for HLA-DQB1
risk grouping.
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Two previous small case-control studies addressed the
issue of putative interaction between increased genetic sus-
ceptibility and an early age at introduction of supplemen-
tary feeding/short duration of exclusive breast-feeding on
the risk of type 1 diabetes, but did not find any significant inter-
action (12,13). In our prospective subject series, the relative
risk of an early age at introduction of cow’s milk for con-
tracting type 1 diabetes remained nonsignificant, even after
the HLA-DQB1-defined genetic risk was taken into account.
Still, the number of progressors was too small in the present
study to exclude a diabetogenic effect of an early exposure
to cow’s milk or an interaction between that and genetic dis-
ease susceptibility.

The highest risk for type 1 diabetes is associated with het-
erozygosity for DQB1*02 and *0302, whereas DQB1*0302
alone in the absence of protective alleles indicates a moder-
ate risk (17). The results in the present series of initially unaf-
fected siblings were consistent with such a risk grouping. The
relative risks conferred by the susceptibility genotypes were
further increased when childhood milk consumption was
included in the model. The DQB1*02 allele has been reported
to be associated with bovine serum albumin IgG antibodies
in children with type 1 diabetes and in their siblings (11), and
also with GAD autoantibodies (24), the latter suggesting that
children with this allele could be more susceptible to autoim-
munity in general. On the other hand, the DQB1*0302 allele
has been associated with insulin autoantibodies in Swedish
and Finnish children with type 1 diabetes (24,25). Both high
and moderate genetic risk groupings in the present study
include the allele DQB1*0302. Our results suggest that the rel-
ative risk associated with childhood milk consumption may
be higher in those carrying the high and moderate genetic risk
genotypes compared with those with lower or decreased
genetic risk (OR 6.3 vs. 2.4, respectively). This is interesting
because of the recent hypothesis that bovine insulin could be
an initiator of [2-cell destruction (26). The DQB1*0302 allele
is more common in subjects with type 1 diabetes in the
Nordic countries than elsewhere in Europe (27).

The major virtues of our study are a well-defined study pop-
ulation and a high participation rate. In addition, no selection
bias was seen for the HLA-DQBL1 typing. In the present study,
the collection of dietary data before the development of type 1
diabetes excluded the possibility of a differential bias in the
selection of subjects or in the reporting of dietary habits. The
amount of milk consumed by the present-study subjects agrees
well with another Finnish survey on the diet of children and ado-
lescents performed in various parts in Finland in 1980 (28).

A major limitation of the present study is the small number
of cases progressing to clinical disease, causing imprecision
in the relative risk estimates, especially when trying to eval-
uate whether the effect of milk consumption depends on
genetic susceptibility.

In conclusion, our results provide support for the hypoth-
esis that high consumption of cow’s milk during childhood can
be diabetogenic in siblings of children with type 1 diabetes.
However, further studies are needed to assess the possible
interaction between genetic disease susceptibility and
dietary exposures in the development of this disease.
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APPENDIX

The Childhood Diabetes in Finland Study Group.
Principal investigators: H.K. Akerblom and J. Tuomilehto;
coordinators: R. Lounamaa and L. Toivanen; data manage-
ment: J.Pitké&niemi and E. Virtala; local investigators: A.
Fagerlund, M. Flittner, B. Gustafsson, C. Haggqvist, A. Haku-
linen, L. Herva, P. Hiltunen, T. Huhtamaki, N.-P. Huttunen, T.
Huupponen, M. Hyttinen, T. Joki, R. Jokisalo, M.-L. Kaar, S.
Kallio, E.A. Kaprio, U. Kaski, M. Knip, L. Laine, J. Lap-
palainen, J. Maenpéaa, A.-L. Mékel&, K. Niemi, A. Niiranen, P.
Ojajarvi, T. Otonkoski, K. Pihlajamaki, S. Péntynen, J.
Rajantie, J. Sankala, J. Schumacher, M. Sillanp&a, M.-R.
Stahlberg, C.-H. Strahlmann, T. Uotila, M. Véare, P. Varimo, and
C. Wetterstrand; and special investigators: A. Aro, M.
Hiltunen, H. Hurme, H. Hydty, J. llonen, J. Karjalainen, M.
Knip, P. Leinikki, A. Miettinen, T. Petdys, L. Rasanen, H. Rei-
jonen, A. Reunanen, T. Saukkonen, E. Savilahti, E. Tuomile-
hto-Wolf, P. Vdh&salo, and S.M. Virtanen.
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