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Using a case-control study design, we examined the
hypothesis that early exposure to cow's milk and solid
foods increased the risk of IDDM. An infant diet history
was collected from 164 IDDM subjects from the
Colorado IDDM Registry with a mean birth year of
1973, and 145 nondiabetic population control subjects
who were frequency matched to diabetic subjects on
age, sex, and ethnicity. Early exposure was defined as
exposure occurring before 3 mo of age. After
controlling for ethnicity, birth order, and family
income, more diabetic subjects were exposed early to
cow's milk (OR 4.5, 95% Cl 0.9-21.4) and solid foods
(OR 2.5, Cl 1.4-4.3) than control subjects. To examine
this association while accounting for the genetic
susceptibility to IDDM, we defined individuals as high
and low risk by an HLA-DQB1 molecular marker. Early
exposure to cow's milk was not associated with
elevated risk for IDDM in low-risk individuals. Relative
to unexposed low-risk individuals, early exposure to
cow's milk was strongly associated in individuals with
a high risk marker (OR 11.3, Cl 1.2-102.0). Similar
findings were observed for early exposure to solid
foods. These data indicate that early exposure to
cow's milk and solid foods may be associated with
increased risk of IDDM. The inclusion of HLA-encoded
risk in the analyses demonstrates the combined effect
of genetic and environmental factors. Diabetes
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nvestigations of IDDM suggest that there is both a
genetic (1-3) and an environmental component (4-7)
in the etiology of the disease. Susceptibility to IDDM has
been shown to be highly correlated with the absence of
Asp at position 57 of the HLA-DQp chain (1,2). Ecological
and case-control studies have shown that risk of IDDM is
lower in those who had been breast-fed (8-11). Moreover,
some data suggest that infants breast-fed for longer periods of time have a lower risk of IDDM than those breast-fed
for shorter periods (10,12). These observations suggest
that the breast-feeding association is related to the protective effect of delaying exposures in the infant diet. For
example, diabetic subjects were introduced to infant milks
other than breast milk earlier than nondiabetic control
subjects (13,14).
The relatively small increased risks associated with infant
diet exposures that have been reported suggests that
either the correct exposure has not been evaluated, or a
better defined control group, i.e., a group that is susceptible to the disease, is needed to adequately evaluate the
impact of the exposure. Without accounting for genetic
susceptibility, investigations of potential environmental
agents are likely to detect only weak associations, if any at
all, by including individuals in their exposed category who
are not genetically predisposed to the disease.
This retrospective study of infant diet and IDDM was
conducted to determine whether early exposure to cow's
milk and solid food in infancy was associated with IDDM
risk. Moreover, our data allowed us to investigate whether
an association was present in individuals at low and high
risk for IDDM, as defined by the susceptibility marker on
the HLA-DQp chain.

RESEARCH DESIGN AND METHODS
The Colorado IDDM Registry is a statewide, populationbased incidence registry that identifies cases through a
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physician surveillance network and periodic hospital
record review (15). Criteria for inclusion in the registry
were 1) resident of Colorado at the time of diagnosis, 2}
<18 yr of age at diagnosis, 3) placed on insulin within 2
wk of diagnosis, and 4) diabetes not secondary to other
conditions. The level of case ascertainment was estimated to be 93%. Diabetic individuals diagnosed between 1978 and 1988 were recruited from the Colorado
IDDM Registry for a study of ethnic differences in IDDM.
All living subjects in the registry who reported an Hispanic origin (16) or had a Spanish surname were eligible
for the ethnicity study (n = 118). A similar size random
sample of 122 registry subjects who reported being
non-Hispanic white was also selected. Seventy-five Hispanic subjects and 99 non-Hispanic white subjects participated in the ethnicity study. There were no significant
differences in age, duration of IDDM, age at diagnosis of
diabetes, or gender by participation status for either
ethnic group (17).
Nondiabetic, healthy control subjects were recruited
from a random sample of households generated from a
tape of licensed motor vehicle drivers who were residents
in 1987 of a 10-county region just east of the Rocky
Mountains that includes - 8 2 % of the population of the
state, encompasses both rural and urban areas, and is
easily accessible from Denver (19). Control subjects
were frequency matched to diabetic subjects on sex,
age-group, and ethnicity. One hundred thirty-two eligible
people (50.4%) agreed to participate in the ethnicity
study. Additional control subjects (5 Hispanics and 18
non-Hispanic whites) were recruited through announcements at the University of Colorado Health Sciences
Center. There were no differences in age or years of
maternal education between these control subjects and
those obtained via the motor vehicle license tape.
Participants and their parents completed a questionnaire on early childhood, including questions concerning
breast-feeding and at what age they started consuming
infant formula, cow's milk, and any type of solid food. The
survey instrument is available from the author (J.N.K.).
Ten diabetic subjects and 10 control subjects were
unable to provide an infant diet history. Birth order of the
participant was evaluated because it could confound the
analyses of infant diet. The variable, relative birth order,
was calculated by dividing the child's actual birth order
by the number of children in the family, such that the first
born child had a value of 1/x in a sibship size of x, and
the last born child had a value of x/x or 1.
One hundred forty-four diabetic subjects and 131
control subjects provided a blood sample for genetic
analysis. B-Cells were separated by nylon-wool columns
(20), frozen in liquid nitrogen and shipped on dry ice for
oligonucleotide analysis in the laboratory of Dr. John
Todd. The identification of the HLA-DQA1 and DQB1
alleles by use of polymerase chain reaction (21) and
dot-blot analysis with labeled oligonucleotides was conducted as previously described (1,2,21-23). Four DQA1
and seven DQB1 SSOs were used (1,2,24-26). Each
oligonucleotide probe detected at least one allele. DQA1
alleles were grouped into four families (24,26): A1
(DQA1*0101, DQA1*0102, DQA1*0103), A2 (DQA1*
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0201), A3 (DQA1*0301), and A4 (DQA1*0401, DQA1*
0501, DQA1*0601). The DQB1 SSOs were 1.1 (DQw5,
DQB1*0501, DQB1*0502, DQB1*0604), 1.2 (DQw6,
DQB1*0602, DQB1*0603), DQw2 (DQB1*0201), 3.1-57
(DQw7, DQw9, DQB1*0301, DQB1*0303), 3.1-26 (DQw7,
DQB1*03Q1), 3.2 (DQw8, DQB1*0302), and DQw4
(DQB1*0402, DQB1*0401).
Diabetic and control subjects were divided into two
susceptibility risk groups according to whether they had
Asp at position 57 of the DQp chain, which has been
shown to be protective of IDDM in our population (K.J.C.,
unpublished observations). Those who had at least one
Asp (i.e., Asp/Asp, Asp/non-Asp, or Asp/blank) were
placed in the low susceptibility risk group, and those who
were homozygous for amino acids other than Asp (i.e.,
non-Asp/non-Asp or non-Asp/blank) were placed in the
high susceptibility risk group (1). Alleles encoding Asp in
position 57 included DQw4, DQw6, DQw7, and DQw9.
Analysis cohort. There were two multiple case families
in which both diabetic siblings participated in the ethnicity study. For the purposes of this study, one of the
diabetic subjects was randomly chosen from each family
for inclusion in the analyses. The analyses of infant diet
exposures by IDDM status included the 164 diabetic
subjects and 145 control subjects who had completed
the infant diet history. Because some participants did not
answer all of the questions in the infant diet history, the
total number in the individual comparisons vary. In addition, due to technical problems including insufficient
numbers of cells available for the SSO typing, HLADQB1 data were available on 115 diabetic subjects and
108 control subjects. Diet exposure comparisons stratifying by low and high genetic risk groups were limited to
the participants on whom we had both genetic marker
and infant diet data. Therefore, these analyses included
106 diabetic subjects and 99 control subjects.
Statistical analyses. The SAS system was used to
compute ORs and 95% Cl using Woolf's Method and
Haldane's correction for small samples (27). The Student's t test was used to compare normally distributed
variables (e.g., birth yr) and Wilcoxon's rank test was
used to compare non-normally distributed variables
(e.g., relative birth order, breast-feeding duration, and
age exposed to cow's milk and solid foods). Life table
analysis was used to compare the cumulative percentage exposed to cow's milk or solid foods, and the
log-rank statistic was used to test the difference between
two curves. Multiple logistic regression analysis was
used to control for confounding variables.
RESULTS
We examined characteristics that may confound our
analyses of infant diet, such as birth year, birth order,
maternal age at birth, current maternal education, and
current family income (Table 1). There were only small
differences in gender and birth year between diabetic
and control subjects. Significantly fewer case families
reported an annual income of >$20,000 compared with
control families. This difference was seen primarily in
Hispanics. In Hispanics, diabetic subjects were more
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TABLE 1
Demographic characteristics of study participants by diabetes status and ethnicity
Nondiabetic control subjects

Diabetic subjects

All participants
Birth year
Sex*
Family incomet*
Maternal education§
Maternal age at birth||
Relative birth order
Hispanics
Birth year
Sex*
Family incomet*
Maternal education§
Maternal age at birth||
Relative birth order±
Non-Hispanic whites
Birth year
Sex*
Family incomet
Maternal education§
Maternal age at birth||
Relative birth order

%

n

%

n

1972.8 ±5.4
' 42.1
62.5
85.8
21.6
0.78 ± 0.25

164
164
152
162
162
163

1971.8 ±6.6
53.1
76.3
87.6
20.6
0.75 ± 0.27

145
145
135
137
136
143

1972.5 + 5.1
42.2
43.1
70.4
22.5
0.77 ± 0.26

71
71
65
71
71
70

1972.0 ±6.3
49.1
65.4
75.4
16.4
0.66 ± 0.26

59
59
55
57
55
59

1973.1 ±5.6
41.9
77.0
97.8
20.9
0.79 ± 0.24

93
93
87
91
91
93

1971.7 ±6.8
55.8
83.7
96.3
23.5
0.79 ± 0.26

86
86
80
80
81
84

*Percent male.
tCurrent annual income >$20,000.
±P<0.05.
§Percent >12 yr of education (current).
||Percent >30 yr of age at birth.
likely to be in the higher birth order of the family than
control subjects.
The prevalence of breast-feeding was similar by diabetes status (Table 2). Overall and in non-Hispanic
whites, diabetic subjects were younger when they were
first exposed to solid foods compared with nondiabetic
control subjects. Diabetic subjects were also exposed to
cow's milk earlier than control subjects. Similar trends
were seen in Hispanics but they were not statistically

significant. Because ethnic-specific analyses showed
similar trends in the infant diet comparisons between
diabetic and control subjects (Table 2), the ethnic
groups were pooled to maximize the sample size for the
following analyses.
Figure 1 dispfays the cumulative percentage exposed
to cow's milk (A) and solid foods (B) by age and diabetes
status. The log-rank test of the difference between curves
suggests that diabetic subjects were exposed to cow's

TABLE 2
Infant nutrition variables by diabetes status and ethnicity

All participants
Breast-fed
Breast-feeding duration*
Exposure to cow's milkt±
Exposure to solid foodst§
Hispanics
Breast-fed
Breast-feeding duration*
Exposure to cow's milkt
Exposure to solid foodst
Non-Hispanic whites
Breast-fed
Breast-feeding duration*
Exposure to cow's milkt
Exposure to solid foodst§

Diabetic
subjects

n

Nondiabetic control
subjects

n

52.1%
24.8 ± 20.4
32.5 ± 17.8
13.4 ±8.9

163
78
110
142

54.3%
27.8 ± 25.0
37.2 ± 17.8
16.9 ± 11.5

140
62
96
117

38%
24.3 ± 25.0
35.4 ± 20.9
15.2 ±8.6

71
23
46
55

35.1%
26.2 ± 18.3
37.6 ± 15.5
18.0 ± 10.9

57
16
40
44

63%
25.0 ± 18.4
30.5 ± 15.1
12.3 ±9.0

92
55
64
87

67.5%
28.3 ± 27.1
36.9 ± 19.5
16.2 ±11.9

83
46
56
73

*Mean age in weeks when breast-feeding ceased of those who were breast-fed.
tMean age in weeks when first exposed.
±0.05 < P<0.10.
§P=0.01.
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FIG. 1. Age at exposure to cow's milk (A 110 diabetic subjects and 96 control subjects) and solid foods (B, 142 diabetic subjects and 117
control subjects) in diabetic subjects (O) and control subjects (x).

milk (Fig. J\A, P = 0.07) and solid foods (Fig. 18, P =
0.008) earlier than control subjects.
To investigate whether this association was present in
individuals at low and high risk for IDDM as defined by
HLA-DQB1 markers, the population was stratified on risk
status and the infant nutrition comparisons were repeated. In high-risk individuals, diabetic subjects were
introduced to cow's milk significantly earlier than nondiabetic control subjects (Fig. 2A, P = 0.05 [log-rank test]).
In individuals who were low risk, there were no differences in age at exposure to cow's milk by diabetes status
(Fig. 28, P= 0.48). No differences were seen between
the cumulative exposure to solid foods curves by diabetes status in either the high-risk (Fig. 3A P = 0.24) or
low-risk (Fig. 38, P = 0.52) group.
Analysis of the diet data in their continuous form
assumes a linear relationship between infant diet exposures and IDDM risk. This is unlikely, because everyone
is exposed to these foods eventually. To determine
whether the time relationship was linear or whether there
was a threshold effect, one-half of the cohort was randomly selected for an exploratory analysis. The ORs for
IDDM by age cutoffs for exposure were plotted. As shown
in Fig. 4, the relationship between infant diet exposures
and IDDM is not linear, and suggests a defined susceptibility window. The largest OR for exposure to cow's milk
(OR 5.9, Cl 0.9-40.7) or solid food (OR 2.6, Cl 1.3-5.3)
was found using the age cutoff of exposure before 3 mo
of age. This suggests that exposures that occur before 3
mo may be particularly important in terms of diabetes
risk. After adjusting for ethnicity, birth order, and family
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income in the entire study cohort, the ORs for exposures
to cow's milk or solid foods before 3 mo were 4.5 (Cl
0.9-21.4) and 2.5 (Cl 1.4-4.3), respectively.
To measure the magnitude of the differences in risk by
exposure status in high and low genetic risk individuals,
ORs were calculated after adjusting for ethnicity, birth
order, and income. Table 3 shows that in low-risk individuals, exposure to cow's milk before 3 mo of age did
not have a significantly elevated OR for IDDM. However,
relative to unexposed low-risk individuals, early exposure
to cow's milk was associated with a significantly elevated
odds ratio in individuals at high risk (OR 11.3, Cl 1.2102). Similar findings were observed for exposure to solid
foods before 3 mo of age. When the unexposed high
(genetic) risk group was used as the referent, the ORs
related to exposure to cow's milk and solid foods in the
high (genetic) risk group were elevated but not significant (Table 3).

DISCUSSION
Our data suggest that by including HLA-encoded risk in
the odds ratios for infant diet exposures, we draw a more
coherent picture of the contributions of both host and
environment in the etiology of IDDM. Although the sample
sizes in some of the analyses are small and therefore
should be interpreted cautiously, this study is one of the
first to incorporate both genetic and environmental data
in the investigation of IDDM etiology.
We found little difference in the percentage breast-fed
or the duration of breast-feeding by diabetes status in our
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FIG. 2. Age at exposure to cow's milk In diabetic subjects (O) and control subjects (x) by genetic risk status as defined by the HLA-DQB1
marker (A, high risk, 50 diabetic subjects and 28 control subjects; B, low risk, 21 diabetic subjects and 34 control subjects).

population, even in the high-risk groups (data not
shown). This, coupled with the inconsistent findings in the
literature (28-30), suggests that breast-feeding initiation
and duration may be inadequate measures of IDDM risk.
Moreover, animal models show that introduction of wheat
and cow's milk protein sources at weaning may trigger
diabetes (31-33). Therefore, in humans, duration of
breast-feeding may not be as etiologically important
as the age at introduction of alternative infant milks or
foods.
Two ecological analyses showed that national consumption of milk proteins was directly related to the
national IDDM incidence (11,34). In addition, two casecontrol studies demonstrated that early introduction of
supplementary (non-breast) milks increased IDDM risk
(13,14), whereas one study found no relationship by
diabetes status (12). We did not have adequate data to
examine cow's milk-based formulas separately as had
been done in a previous study (13). The one study that
examined age at introduction of solid foods in infancy
found no difference by diabetes status (28). We observed
a weaker association between IDDM risk and exposure to
solid foods (as determined by the size of the overall OR)
compared with the association found with cow's milk. The
weaker relationship may be due to the wide variety of
protein sources (e.g., cereal, fruit, vegetable) that were
included in the loosely defined solid foods variable in our
study.
A recently proposed hypothesis by Karjalainen et al.
(35) suggests that sensitization and development of
immune memory to cow's milk protein is the initial step in
the etiology of IDDM. We propose that sensitization may
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occur in one of two ways—very early exposure to cow's
milk before gut cellular tight junction closure, or exposure
to cow's milk during an infection-caused gastrointestinal
alteration when the intestinal barrier is compromised,
allowing antigens to cross and initiate an immune reaction (36,37). In our study, the risk of IDDM was greatest
when children were exposed to cow's milk before 3 mo of
age, which may reflect the importance of the former route
of exposure. The latter route of exposure would be
impossible to observe without intensive follow-up in
infancy. Children with newly diagnosed IDDM had higher
levels of IgG anti-bovine serum albumin antibodies than
age-matched control subjects (35), which may be a
marker of immune sensitization by cow's milk. An observed amino acid similarity between a core sequence of
bovine serum albumin and an HLA major histocompatibility complex II region encoding for HLA-DQB1 and a
p-cell surface protein led to speculation (35) that after
sensitization there is the potential for immune mimicry
resulting in p-cell destruction. However, adequate experimental evidence for this hypothesis is not available.
The length of recall required to complete the infant diet
history in our study varied by participant, but the mean
was similar in the case and control populations. Accurate
maternal recall of initiation of breast-feeding has been
reported in the literature (38-40); however, recall of the
duration of breast-feeding may be somewhat less reliable
(41). As demonstrated by Vobecky et al. (42), it may be
more difficult to detect a significant association with
retrospective infant diet data because of its increased
variability. Therefore, a significant finding using retrospective data may lead to a conservative rather than an
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FIG. 3. Age at exposure to solid foods In diabetic subjects (O) and control subjects (x) by genetic risk status as defined by the HLA-DQB1
marker (A high risk, 66 diabetic subjects and 33 control subjects; B, low risk, 26 diabetic subjects and 44 control subjects).

invalid conclusion as long as recall bias was not present.
Recall bias is unlikely in this study because of the length
of time between infancy and onset of IDDM, and the lack
of general knowledge of a potential relationship between
infant diet and IDDM.
The potential misclassification of some of our study
control subjects who possessed high-risk genetic markers and could thus develop IDDM in the future would
have biased our findings toward the null. The only way to
prevent this would be to select older control subjects who
were no longer in the high-risk age-group; however, this
would result in poorer recall of infant diet. It is also
possible that we did not entirely control for the influence
of birth order in these analyses because the relative birth
order variable treated children from single child families
as if they were a last born child, whereas their characteristics are more likely to resemble those of a first bom
child. Analysis of the data while excluding children from
single child families (data not shown) resulted in findings
that were similar to those presented herein, suggesting
that the unique characteristics of these children did not
bias our results.
The attributable risk was calculated to estimate the
proportion of cases that could be prevented by the
removal of a risk factor (i.e., early exposure to cow's milk
or solid foods) from a population (43). The attributable
risk for exposure before 3 mo of age to cow's milk and
solid foods was 0.08 and 0.25, respectively. This means
that if all parents in Colorado waited until after the age of
3 mo to introduce cow's milk or solid foods into the infant
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FIG. 4. ORs for IDDM associated with different ages at exposure to
cow's milk (solid line, 55 diabetic and 48 control subjects) and solid
foods {dashed line, 71 diabetic and 59 control subjects) In a sample of
the study cohort.
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TABLE 3
Adjusted and unadjusted ORs and 95% CIs for the risk of IDDM by exposures before 3 mo of age to cow's milk and solid
foods in the infant diet
Cow's milk

Genetic Risk
Groups

n

OR

Solid foods
Cl

n

OR

Cl

Low risk*

Unexposed
Exposed!

50
4

1.0
2.9 (5.3)

Referent
0.2-36.5 (0.2-55. 5)

55
15

1.0
1.7(1. 7)

Referent
0.5-5.8 (0.5-5.3)

High riskt

Unexposedt
Exposedt

70
7

3.2 (3.0)
11.3(10.6)

1.5-6.8(1.4-6.4)
1.2-102.0(1.8-71 •4)

55
44

3.1(3. 1)
6 .3(5. D

1.4-7.2(1.4-6.6)
2.5-16.1 (2.1-15.0)

High risk}:

Unexposed
Exposed§

70
7

1.0
3.7 (3.5)

Referent
0.4-33.6(0.4-31. D

55
44

1.0
2.3(1. 6)

Referent
0.9-5.9 (0.7-3.9)

Values were adjusted for ethnicity, birth order, and current family income; unadjusted values are in parentheses.
*Low risk: at least one Asp in position 57 of the HLA-DQB1 chain.
tReferent group: low-risk individuals who were unexposed.
tHigh risk: homozygous for amino acids other than Asp in position 57 of the HLA-DQB1 chain.
§Referent group: high-risk individuals who were unexposed.

diet, 8 and 25%, respectively, of the cases of IDDM in the
state could be prevented. The attributable risks of exposure to cow's milk in low- and high-risk individuals (as
defined by the HLA-DQB1 marker) were 0.11 and 0.09,
respectively. Even though the magnitude of the OR is
large for exposure to cow's milk, the attributable risk is
relatively small because of the small percentage (3%) of
the population that is exposed to cow's milk before 3 mo.
As mentioned earlier, other IDDM cases may result from
an immune sensitization occurring during a gastrointestinal illness; however, we were unable to account for this
form of sensitization in our study.
The search for an environmental determinant of IDDM
is driven, in part, by the possibility of preventing the
disease through the removal (or addition) of a particular
factor in the environment. Manipulation of the infant diet
could be a relatively benign intervention that would have
a strong public health impact. However, as shown by the
low attributable risk associated with the exposures measured in our study, additional research into the timing and
exact nature of the diabetogenic exposure in the infant
diet is required before screening and/or interventions are
implemented.
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