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TYPE 1 DIABETES: PATHOPHYSIOLOGY AND PREVENTION
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Abstract
Bakground: It is suggested that early intake of cow's milk could be a risk factor for
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type 1 diabetes (T1DM). Further, the different immunological background, gives a
suggestion of an inverse relationship for the occurrence of these diseases. The aim of
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this study was to explore the association between cow's milk allergy (CMA) and the
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Methods: Data were obtained from Finnish nationwide health registers. The study
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risk of T1DM in a register-based case-cohort study.
included all children born in Finland between January 01, 1986 and December
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31, 2008 and diagnosed with T1DM before the age of 16 years (n = 7754). A 10%
random sample from each birth year cohort was selected as a reference cohort
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(n = 137,798). T1DM, CMA, and asthma were defined based on valid special reim-
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diseases. Child's sex, birth decade, asthma, maternal diabetes and asthma, smoking
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bursements for the costs of drugs/special formulas needed in the treatment of the
during pregnancy, and previous deliveries were considered as confounding factors.
Time-dependent, weighted Cox regression was applied for statistical analyses.
Results: Children with CMA had an increased risk of developing T1DM in fully
adjusted model (HR = 1.17; 95% CI 1.02–1.34), but the association was no longer
observed when including the use of special infant formulas in the definition of CMA
in the sensitivity analysis (HR = 1.11; 95% CI 0.92–1.32). CMA was associated with
an increased risk of T1DM in children without asthma (HR = 1.27; 95%CI 1.10–1.47),
but not in children with asthma (HR = 0.80; 95% CI 0.92–1.27).
Conclusion: Children with CMA may have an increased risk of T1DM.
KEYWORDS
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INTRODUCTION

In Finland, the incidence of type 1 diabetes (T1DM) as well as the prevJohanna Metsälä and Suvi M. Virtanen are considered as joint senior author.

alence of cow's milk allergy (CMA) under the age of 5 years are one of
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F I G U R E 1 Flowchart of the
participants. T1DM, type
1 diabetes; CMA, cow's milk
allergy

the highest in Europe.1,2 There are at least two background factors that

cow's milks suggested role as a risk factor for T1DM, we hypothesized

connect these conditions, immunology and cow's milk.

that children with CMA have a decreased risk for developing T1DM.

The immunological reactions behind T1DM and allergic diseases are
different and to some extent opposite. The autoimmunity process in
T1DM involves T-helper type 1 cells (Th1) and Th17, whereas the allergic

2
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inflammation is characterized by Th2 immune response. Based on the
reciprocal counter-regulation between Th1 and Th2 cells,3 the Th1/Th2

2.1
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Data sources and study population

paradigm suggests an inverse relationship between autoimmune and allergic diseases. In the meta-analysis of observational studies, the inverse asso-

The data for the present study were collected from four nationwide

ciation between T1DM and allergic diseases was only observed for asthma,

registers: the Population Register, the Special Reimbursement Regis-

but not for allergic rhinitis or atopic dermatitis. Further, for each outcome

ter (information on special reimbursement for insulins available since

the individual studies reported null, direct and inverse associations.4 For

1964, and for special infant formulas since 1986), and the Drug Pre-

food allergies, both direct5 and null6 associations have been reported,

scription Register (available since 1994) maintained by the Social

suggesting that the Th1/Th2 paradigm might be an oversimplification.

Insurance Institute of Finland, and the Medical Birth Register (avail-

On the other hand, early cow's milk exposure has been suggested

able since 1987), maintained by the Finnish Institute for Health and

to play a role in the development of T1DM.7-9 Findings from prospec-

Welfare. The unique personal identity codes included in all registers

tive cohort studies are consistent in that cow's milk intake during child-

were used to link, the information from different registers.20

hood is directly associated with development of pre-T1DM and/or
10-14

T1DM in children.

The initial cohort included all children born in Finland between

However, the age at introduction of cow's milk

January 1, 1986 and December 31, 2008 (n = 1,377,980). From this

during infancy does not seem to be associated with T1DM risk.15-18 A

initial birth cohort, we identified all children with T1DM before the

randomized trial found no reduction in the risk for T1DM in the

age of 16 years or the end of year 2009 as cases from the Special

11.5 years follow-up time when comparing weaning to an extensively

Reimbursement Register (n = 7754). For a reference cohort, we

hydrolyzed infant formula with weaning to a commercial cow's milk-

selected a 10% random sample for each initial birth year cohort from

based formula during the first 6–8 months of life (HR 1.1 95% CI

the Population Register (n = 137,798). Due to the study design, alto-

0.8–1.5).19 However, a recent finding from a prospective cohort study

gether 859 children with T1DM were also included in this random

suggests that early feeding of extensively hydrolyzed formula is directly

sample and thus included in the reference cohort (Figure 1).

15

associated with pre-T1DM.

Based on the current evidence, the role

of CMA or the early use of cow's milk in development of T1DM remains
unclear. Further, to best of our knowledge, the association between

2.2
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Definition of T1DM and CMA

CMA and T1DM has not been reported before.
The aim of this study was to examine the association between

We defined T1DM and CMA based on the information about the valid

CMA and the risk of T1DM in a case-cohort study design using Finn-

special reimbursement for the costs of insulins or special infant formu-

ish nationwide registers. Based on the Th1/Th2 paradigm and the

las needed in the treatment of these diseases. This information was
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obtained from the Special Reimbursement Register maintained by the

different definitions. Our main definition for asthma was a valid spe-

Social Insurance Institute. In Finland, this special reimbursement is

cial reimbursement for the costs of anti-asthmatic drugs, data

granted by the Social Insurance Institute based on a written statement

obtained from the Special Reimbursement Register. The criteria by

by a physician describing the individual course of the disease and the

the Social Insurance Institute for this special reimbursement is that

diagnostic protocol. For each disease there are specific medical

the asthma diagnosis is made based on either pulmonal function tests

criteria defined by the Social Insurance Institute. To evaluate the ful-

showing obstruction or recurrent obstructive episodes verified by

fillment of these criteria, a clinical specialist in the Social Insurance

pediatrician and the need of long-lasting drug therapy with inhaled

Institute further assesses the physician's statement. The admittance

corticosteroids. As this definition likely excludes children with only

for the special reimbursement is not dependent of the child's place of

mild asthma or only intermittent drug treatment, we used two addi-

residence, socioeconomic status or place of treatment. From the reg-

tional, more wider definitions in the sensitivity analyses: (1) a valid

ister we extracted information about the start and end date of the

special reimbursement for asthma or at least one purchase of any

special reimbursements and the Social Insurance Institute's disease

anti-asthmatic drug (ATC code R03) without the special reimburse-

code. The date of admittance of the special reimbursement was used

ment, and (2) at least one purchase of any anti-asthmatic drug (ATC

as a proxy for the date of diagnosis. T1DM was defined as a valid spe-

code R03).

cial reimbursement and at least one insulin (Anatomical Therapeutic
Chemical [ATC] code A10) purchase after the special reimbursement.
We considered CMA as the exposure disease. In Finland, the

2.4
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Statistical analysis

special reimbursement for special infant formulas is granted for children with CMA up to age of 2 years. During the observation period

To analyze the association between CMA and the risk of T1DM we

The Social Insurance Institute criteria for this special reimbursement

used a weighted Cox proportional hazard regression using inverse

included a clinical examination by a pediatrician and disappearance

probability weighting to account for the case-cohort design. We con-

of symptoms suggestive for CMA during the elimination diet for

sidered CMA and asthma as time-dependent variables and the start

cow's milk. In addition, either positive skin prick test for cow's milk

date of the special reimbursement or the date of the first purchase of

protein or elevated cow's milk protein specific serum IgE-value or

any anti-asthmatic drug were used as a proxy for the start of the dis-

positive oral food challenge was required. At the time, the double-

ease. We followed-up the study population until the appearance of

blind, placebo-controlled food challenge was not required. Instead,

T1DM, age of 16 years, end of year 2009, or death whichever came

for the majority of children the diagnosis was based on open food

first. We estimated unadjusted, partially adjusted, and one fully

challenge.21

adjusted model. The fully adjusted model included the information of

Our main definition for CMA was a valid special reimbursement

child's sex, birth decade and asthma as well as maternal asthma, diabe-

for special infant formulas at least for 6 months. As this definition is

tes, smoking during pregnancy, and number of previous pregnancies.

potentially open to false positive diagnosis, we also used a strict CMA

These variables were selected based on previous knowledge and their

definition where at least three special infant formula purchases after

associations with T1DM and CMA in the present data.24-26 These

the special reimbursement were required.

analyses were considered as the main analyses.

In Finland, the drugs and special infant formulas are sold exclu-

We conducted multiple sensitivity analyses in a subgroup of

sively from pharmacies and the drugs are dispensed on prescription

children born 1995–2008, as the information on drug and special

only. From the Drug Prescription Register we collected the informa-

infant formula purchases were available since 1994. First, we

tion of the date of purchase and for drugs the ATC code (insulins

repeated the main analyses to evaluate the potential effect of a

(ATC code A10) and anti-asthmatic drugs (ATC code R03)) and for

smaller sample size. Second, we conducted the analyses using the

special infant formula the product code. The Drug Prescription Regis-

strict CMA definition to evaluate the potential misclassification of

ter has recorded all reimbursable purchases since 1994.

CMA. Third, we conducted analyses using the two additional definitions for asthma.
To examine whether the association between CMA and the risk

2.3

|

Confounding factors

of T1DM was modified by child's asthma, an interaction term between
CMA and asthma was included in the models. Missing data were han-

The information on maternal age at delivery, smoking during preg-

dled by complete case analysis. Analyses were performed using

nancy, socioeconomic status, the number of mother's previous deliv-

STATA, version 14, (RRID:SCR_012763) software.

eries, mode of delivery, as well as gestational age, child's birth year,
sex, birth weight and birth length were derived from the Medical Birth
Register. Additionally, the information on maternal asthma and diabe-

2.5

|

Ethical approval

tes were collected from the Special Reimbursement Register.
Based on our recent findings on increased risk of T1DM in chil-

The Institutional Review Board of the Finnish Institute for Health and

dren with asthma22 and in children using anti-asthmatic drugs,23 we

Welfare, and the institutions keeping the registers, after hearing The

considered child's asthma as a potential confounding factor with three

National Data Protection Authority, have approved the study.
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TABLE 1

The characteristics of the study population

children with both CMA and T1DM (n = 262), CMA was diagnosed

Children without
Children with
T1DM (n = 7754); T1DM (n = 136,939);
n (%)
n (%)

before T1DM, with the CMA diagnosed at the mean age of

Mean follow-up time
(years), mean (SD)

7.4 (4.1)

11.2 (5.0)

smokers during pregnancy, and had fewer previous pregnancies

Male sex

4226 (55)

70,059 (52)

1821 (23.5)

24,351 (17.8)

In our main analyses in the children born between 1986 and

Characteristics

had asthma, and more often their mothers had diabetes, were non(Table 1). Children with CMA were more often male (58% vs. 51%)

Child's birth year
1986–1989

7.2 months (SD 4.2). The children with T1DM were more often male,

and had asthma (19% vs. 5%) and more often their mothers were nonsmokers (87% vs. 78%) and had asthma (6% vs. 3%).

1990–1999

4610 (59.5)

61,388 (44.8)

2008, CMA was associated with an increased risk of T1DM in

2000–2008

1323 (17.1)

51,200 (37.4)

unadjusted analysis (HR = 1.29; 95% CI 1.13–1.46) and the increased

Child's asthma

564 (7.3)

7141 (5.2)

risk remained in the fully adjusted model including the child's sex,

Child's cow's milk allergy

262 (3.4)

3966 (2.9)

birth decade, and asthma as well as maternal asthma, diabetes,
smoking during pregnancy, and number of previous pregnancies

Gestational age in weeks

(HR = 1.17; 95% CI 1.02–1.34) (Table 2).

<37

452 (5.8)

7103 (5.2)

37–41

6519 (84.1)

116,887 (85.4)

≥42

292 (3.8)

6087 (4.5)

Missing information

491 (6.3)

6862 (5.0)

fully adjusted model (HR = 1.12; 95% CI 0.94–1.33) (Table 2). When

Maternal age at delivery
(years), mean (SD)

29.5 (5.1)

29.6 (5.3)

further using the strict CMA definition, these results did not change

In the sensitivity analysis we repeated the main analysis among
children born between 1995–2008 and the association between CMA
and T1DM was present in the unadjusted model, but no longer in the

substantially (Table 2). Similarly, when using the two additional defini-

Maternal smoking during pregnancy

tions for asthma as a confounding factor and the main CMA defini-

No

6251 (81)

107,448 (78)

tion, the results were not substantially different (a valid special

Yes

856 (11)

20,056 (15)

reimbursement or at least one purchase of any anti-asthmatic drug:

Missing information

647 (8.3)

9435 (6.9)

full adjusted HR = 1.14: 95% CI 0.96–1.35, at least one purchase of
any anti-asthmatic drug: full adjusted HR = 1.14; 95% CI 0.96–1.35).

The number of previous deliveries
0

2976 (38)

53,262 (39)

We observed an interaction between child's CMA and asthma

1

2570 (33)

44,133 (32)

(p for interaction = 0.002). In the separate analyses according to

≥2

1722 (22)

32,874 (24)

asthma, we observed that CMA was associated with an increased risk

Missing information

486 (6.3)

6670 (4.9)

of T1DM in children without asthma (HR = 1.27; 95%CI 1.10–1.47),
but not in children with later asthma (HR = 0.80; 95% CI 0.92–1.27)

Mode of delivery
Vaginal

6013 (77.6)

109,688 (80.1)

Cesarean section

1274 (16.4)

20,864 (15.2)

Missing information

467 (6.0)

6387 (4.7)

Maternal socioeconomic status

when adjusted for child's sex, birth decade, maternal asthma, diabetes,
smoking during pregnancy, and number of previous pregnancies.

4

|

DI SCU SSION

Upper-white collar

872 (11.3)

15,779 (11.5)

Lower-white collar

2542 (32.8)

39,255 (28.7)

In the present study, we showed that CMA was associated with an

Blue collar

891 (11.5)

15,825 (11.6)

increased risk of T1DM after adjusting for several potential con-

Others

863 (11.1)

16,936 (12.4)

founding factors. However, when applying stricter CMA criteria, the

2586 (33.3)

49,144 (35.8)

association between CMA and the risk of T1DM was no longer

Maternal diabetes

184 (2.4)

557 (0.41)

observed.

Maternal asthma

221 (2.9)

3802 (2.8)

Missing information

The major strength of our study is the use of nationwide
register-based data with a good coverage. Further, the prospectively
collected information and the relatively large number of cases minimize the recall bias. In addition, our criteria for T1DM should be reli-

3

|

RESULTS

able, because the criteria for the special reimbursement is evaluated
by two independent specialists and the admittance is not dependent

We identified 7754 children with T1DM, and our reference cohort

of the patient's socioeconomic status or the place of residence/

consisted of 137,798 children. The mean follow-up time for children

treatment. Although the criteria for admittance are same for all types

with T1DM was 7.4 years (SD 4.1) and for children without T1DM

of diabetes in need of insulin, to our knowledge, the use of insulin is

11.2 years (SD 5.0). Altogether we identified 4228 children with

rare for types other than T1DM in children under 16 years of

CMA, diagnosed at the mean age of 7.1 months (SD 3.9). For all

age.27,28 Thus, the misclassification of cases should be minor. Other

404

LAMMINSALO ET AL.

T A B L E 2 The main results of the association between CMA and the development of T1DM in children born in Finland between 1986 and
2008 and the results of the sensitive analysis of children born between 1995 and 2008 in a register based case-cohort study

Unadjusted

Children born in 1986–2008;
n = 144,693 (T1DM n = 7754)

Children born in 1995–2008;
n = 83,852 (T1DM n = 3383)

CMAa (n = 4228)

CMAa (n = 3065)

CMAb (n = 2665)

HR

95% CI

HR

95% CI

HR

95% CI

1.29

1.13–1.46

1.21

1.02–1.43

1.20

1.00–1.43

Adjusted for sex and birth decade

1.25

1.09–1.42

1.20

1.02–1.42

1.19

0.99–1.42

Adjusted for sex, birth decade, asthma

1.18

1.04–1.35

1.16

0.98–1.38

1.15

0.96–1.38

Adjusted for sex, birth decade, asthma, maternal
asthma and diabetes, smoking during
pregnancy, number of previous deliveries

1.17

1.02–1.34

1.12

0.94–1.33

1.11

0.92–1.32

Abbreviations: CMA, cow's milk allergy; T1DM, type 1 diabetes.
CMA defined based on a valid special reimbursement for at least 6 months.
b
CMA defined based on a valid special reimbursement for at least 6 months and at least three formula purchases from the pharmacy.
a

strengths include our possibility to take into account several poten-

To best of our knowledge, the association between CMA and

tial confounders, including two new, recently identified factors: chi-

T1DM has not been reported before. Further, studies concerning the

ld's asthma and child's use of anti-asthmatic drugs.22,23 However, we

coexistence of any/other food allergies and T1DM are scarce, and

may have missed some potentially important confounders, like diet

both increased risk for T1DM5 and null associations have been

and paternal factors,8,29-31 thus the residual confounding cannot be

reported.6 For other allergic diseases, like atopic eczema, more studies

ruled out.

exists and both direct38 and inverse39,40 as well as null associa-

A major limitation of the present study is that the definition for

tions41,42 have been reported.

CMA may be open for misclassification of the children. Although it is

As the results from studies concerning the coexistence of allergic dis-

possible that the child has been granted for the special reimbursement

eases and T1DM are scarce it is suggested that the Th1/Th2 paradigm

without an oral food challenge, in practice majority of the children

might be an oversimplification, which is supported by our results as well.

diagnosed with CMA had undergone food challenge before the diag-

After the introduction of this original paradigm other kinds of Th-cells,

nosis.21 During the observation period, the food challenge was usually

including Th17 cells, have been recognized43 .Thus, the immunopathology

done as open food challenge, which is further open for mis-

behind these diseases might be more complex than previously thought.

classification, especially for the non-IgE-mediated CMA for which the

In Finland the special reimbursement for special infant formula

double-blind, placebo-controlled food challenge would be more accu-

correlates well with the strict cow's milk elimination diet.44 Therefore

rate.32 We tried to disentangle the potential misclassification by

our finding about the possible co-occurrence of CMA and T1DM does

applying a strict CMA definition, which included also information on

not support the previous findings about the direct association

purchased special infant formulas. When using this strict CMA defini-

between childhood cow's milk consumption and the development of

tion, the association between CMA and the risk of T1DM was no lon-

T1DM and prevention of T1DM by eliminating cow's milk from

ger seen. However, these results were similar to those obtained from

infants diet.8,9 Our result is rather supported by a recent RCT, which

the models using the main CMA definition in the same birth year-

did not observe any difference in the development of T1DM related

restricted subgroup, indicating that the disappearance of the associa-

autoantibodies nor T1DM when comparing groups weaned either

tion might be because of smaller sample size rather than inaccuracy in

extensively hydrolyzed infant formula or commercial formula.19

definition of CMA. Further, we may have missed some children

Our observation of the possible co-occurrence of CMA and

receiving the CMA diagnosis after the age of 1 year, because the spe-

T1DM might be explained by the shared risk factors behind the dis-

cial formula is possible to be replaced by other milk substitutes after

eases. The increased prevalence of autoimmune and allergic diseases

the age of 1 year. However, for majority of the children the symptoms

in western countries have been explained by the decrease in number

start rapidly after the first exposure for cow's milk formula and thus

of infectious diseases and microbial exposures.45 In addition, previous

the appearance of CMA after the age of 1 year is rare.33,34 In addition,

studies have observed that these changes in environmental factors

the prevalence of CMA in children without T1DM was approximately

may alter the diversity of gut microbiota, which may lead to adverse

3% regardless of used definition for CMA, which is similar in compari-

immunological reactions.46 For both, T1DM and CMA, studies have

35-37

son to previously reported prevalence in Finland.

Thus, we con-

reported that changes in the gut microbiota, leading to dysbiosis,

sider that the probable inaccuracy in the definition of CMA did not

could be involved in the development of the diseases.47,48 Further-

cause major bias to our study. Because of the high incidence of T1DM

more, the gut microbiota of children with CMA is observed to differ

in Finland, the generalizability of our results to pediatric populations

before and after the cow's milk protein elimination when compared to

with low incidence of T1DM calls for precaution.

healthy controls.49 These changes in gut microbiota, reflecting the
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western lifestyle or the elimination of cow's milk protein from diet,
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