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Abstract

During the last three decades, there has been an interesting debate on the intake of A1 ‘like” milk 
and incidence of type 1 diabetes (T1D) in genetically predisposed individuals. The epidemiological, 
ecological and case-control studies have concrete pieces of evidences in favor of the hypothesis 
that is further supported by animal trials in mice and rat and in vitro trials on cell lines. But on the 
other hand, European Food Safety Authority reported that there isn’t suffi cient data to draw a fi nal 
recommendation at this stage in terms of contradictory results, lack of cause-effect relationship 
and being a mere suggestive evidence [1]. However, the report itself states that these studies are 
strong enough to formulate a concrete hypothesis and further research is needed to confi rm the 
same. Keeping in view the published data in favor of the hypothesis and the counter-arguments, it 
is suggested that further research with well-designed animal and in vitro trials with intact proteins 
and peptides is needed to fully confi rm the hypothesis. Until the issue is fully resolved, it’s the 
personal choice of the individuals at risk to T1D (genetically predisposed) to either remove A1 
“like” or increase the A2 “like” milk from their diet. 
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Introduction

Type 1 diabetes (T1D) is basically regarded as an autoimmune disorder. This 
results when there is destruction in extremely signiϐicant pancreatic cells known as 
β-cells. This mostly occurs in individuals who are genetically predisposed to various 
environment factors most importantly from nutritive or dietary perspective [2,3]. 
The environmental has a considerable role to play in this disorder either through 
autoimmune responses or at the cellular levels involving the cell cycle through various 
check points [4,5]. Those external environmental stimulants include vaccines given in 
the childhood and/or viral infections. However, to the best of our knowledge, among 
one of the most signiϐicant potential candidates of diet includes cow milk proteins. 
Quite evidently, the most signiϐicant food of infants is milk, and since the subjects that 
lack breast feeding the cow milk proteins become a dominant alternative of their diet. 
It has been, therefore, observed the cow milk proteins to play an important role in the 
manifestations of T1D in those subjects who are genetically predisposed to T1D [6-8].

Evidences in favour of a1/a2 milk hypothesis

Historically, milk from dairy cows is used as a nutritional element solely for infants 
and partly for adults in most of the countries globally. The protein fraction of the milk 
has gained paramount reputation because of the nutritional and other functional attri-
butes. However, more recently, deeper research with prevailing epidemiological data 
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and few mechanistically generated case cade mechanisms has correlated consumption 
of cow A1 milk protein with incidence of T1D in genetically predisposed individuals. 
This correlation has been established through epidemiological and ecological data, 
supported by case-control studies and further validated by in vivo (animal) and in 
vitro (cell lines) investigations. However, to the more surprise, these studies haven’t 
been performed with the intact proteins alone but with the puriϐied and/or commer-
cially synthesized peptides.

In a similar type of study, the beneϐicial effects of breastfeeding over cow milk con-
sumption were revealed by Scott in 1990. Nevertheless, to the more exactness, these 
ϐindings couldn’t explain causality [9]. Speciϐically, giving more emphasis to the pro-
tein family in milk, different variants of β-casein were compared in a study performed 
by Elliot and coworkers in 1999. These studies are based on epidemiological data and 
established a correlation between national annual cow milk protein consumption and 
incidence of T1D in different countries. The data generated by Elliot et al. (1999), kept 
an accurate regard of the cow breed composition and different genetic variants of 
β-casein. These two factors are the dominant functionalities in these types of studies. 
These ϐindings were related to children below 14 year age and the 10 countries under 
study were USA, Canada, Germany, New Zealand, Sweden, Australia, Denmark, Finland, 
Iceland and Norway. The research group couldn’t establish any correlation between 
total protein consumption and incidence of T1D incidence (r = 0.402), however, to a 
surprise, an association was developed between A1 milk intake and incidence of T1D 
(r = 0.726). These correlations were further strengthen when consumption of A1 “like” 
β-casein (A1 + B) was compared with incidence of T1D (r = 0.982). Furthermore, in 
one of these countries i.e., Iceland, where cows are predominantly A2, low numbers of 
cases of diabetes were observed. This lead to the conclusion that some unique element 
in the composition of A1 “like” β-casein might play a signiϐicant role incidence of T1D 
[10,11]. Later various investigation involving biochemical techniques revealed that a 
unique peptide sequence of 7 amino acids in A1 “like” β-casein variants is released 
through in vivo digestion or simulated gastrointestinal digestion (SGID). In conclusion, 
it was hypothesized that BCM-7 is released from only A1 “like” variants of β-casein and 
this peptide was ultimately considered as a hypothetical risk factor for incidence of 
T1D disease. The data generated through other studies [11,12] supported the earlier 
data of Elliot et al. (1999), where incidence of the T1D was observed signiϐicantly high 
in the regions where cows produced higher A1 “like” milk and consumption of this 
type of milk was also higher in humans. Thorsdottir et al. (2000), observed the data of 
Iceland and Scandinavia on milk protein polymorphism of β-casein protein. The ϐind-
ings from Iceland and Scandinavian countries observed a lower frequency of A1 and 
B β-casein varaints in Icelandic cow milk in comparison with Scandinavian countries. 
It was, therefore, reported that consumption of cow milk in infancy isn’t correlated 
to incidence of T1D in Iceland. Therefore, the lower frequency of A1 “like” β-casein 
variants (A1 and B) in cow milk may explain a lower incidence of T1DM in these coun-
tries compared to Scandinavia. Similar reports were generated by McLachlan (2001) 
in children who were aged below 15 across 16 countries. A strong correlation (r = 
0.75) was established between incidence of T1D in children and consumption of A1 
“like” β-casein [13]. These ϐindings were further conϐirmed by Laugesen and Elliott in 
2003, with the same relationship in children aged below 14 year old between intake 
of A1 “like” β-casein and T1D across 19 countries. However, correlations were non-
signiϐicant for the consumption of A2 variant of β-casein [14]. 

An early animal study examining the possibility of a relationship between milk pro-
tein consumption and diabetes was conducted by Elliot and Martin (1984). This study 
involved feeding BB rats with milk protein or an amino acid diet. Elliott and Martin con-
cluded that cows’ milk may contain a diabetogenic agent [15]. A further study by Elliott 
conducted in 1992, showed that rather than all milk being causative of Type 1 diabetes, 
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it was possible that there was a link between digested casein, and more speciϐically a 
hexapeptide peptide derived from digested β-casein protein, and Type 1 diabetes. The 
implication of a bioactive protein fragment generated by the digestion of β-casein A1 
was then reported in 1995 when, in an article title referring to β-casein variants as ‘Jec-
kyl & Hyde’, it was further noted that this peptide bound macrophages and had known 
immunological activity [16]. In a similar animal trial, performed by Elliot and Hill in 
1997 in mice (NOD) apparently clear-cut effects of A1 β-casein promoting diabetes and 
A2 providing protection was demonstrated. Another blinded international multicenter 
animal trail in two rodent models (NOD mice and BB rats) was performed in New Zea-
land (NZ), United Kingdom (UK) and Canada to analyse the effect of the effect of A1 and 
A2 β-casein variants on incidence of spontaneous T1D. NZ site was confounded by an 
infection and couldn’t reach to a ϐinal conclusion. However, A1 β-casein was slightly 
more diabetogenic in the Canadian trial, but UK mice on A2 β-casein still developed 
diabetes. Overall, A1 & A2 diets were found to be protective compared to control diets 
and varied little in diabetes-promoting capacity [17]. However, in these studies, the 
investigators were blinded which was apparently not the case in previous trials. Con-
trol diet composition was not revealed which is very important for an animal trial to 
furnish a ϐinal conclusion. Most of the studies use wheat as one of the components of 
basal diet, opioid peptides such as gluteomorphins, may be released from the wheat 
gluten that resembles β-casomorphins of milk. Therefore, may yield wrong informa-
tion. More recently, a researcher group from china also found controversial reports on 
animal models. BCM-7 was observed to be has protective against hyperglycemia and 
free radical-mediated oxidative stress in streptozotocin-induced diabetic rats [18,19]. 
However, in their study, commercially synthesized BCM-7 was used; the more impor-
tant native A1/A2 β-casein variants were not considered which the main objective of 
the present study. Also in this study, diabetes was induced with a chemical (strepto-
zotocin), the main models of diabetes like NOD mice were not utilized. In conclusion, 
in animals, either A1 milk protein has found a clear correlation with T1D incidence 
through antibody proϐile or controversial reports are available through antioxidant 
status or antibody response. Therefore, proper animal models with perfect experimen-
tal design and diet composition are needed to evaluate the correlation of intact A1/A2 
β-casein variants with incidence of the T1D.

More generally, a raised antibody proϐile against β-casein cow milk protein was 
observed in case-control studies, however, there was no distinction of β-casein protein 
polymorphism [20]. These studies gained more importance as distinction in antibody 
response was reported between A1 and A2 β-casein in subjects with T1D (n=287), 
their siblings (n=386), their parents (n=477) and healthy controls (n=107). The ϐind-
ings showed a higher antibodies response against A1 β-casein in T1D patients and 
their siblings. Analysis of immune response to A1 β-casein, α-casein, β-lactoglobin and 
Bovine serum albumin depicted an increased response against the β-casein. However, 
a substantial overlap with controls and an increase in antibody proϐile to other anti-
gens lead to the conclusion of whether this evidence of immune activity is linked to the 
etiology of T1D or is a consequence of the disease process [21]. Moreover, a sensitiza-
tion of T-cells against this milk protein was observed in T1D and a possibility of cross 
reaction was perceived with insulin-secreting cells in the pancreas [22,23]. However, 
these studies couldn’t establish a cause-effect relationship. The longitudinal studies 
and/or feeding trials in humans demonstrating the roles of A1 and A2 β-casein in the 
etiology of T1D are scantly. Nevertheless, these studies are quite possible (especially 
within genetically at-risk infants) and therefore, would contribute substantially to 
such a signiϐicant substantiation.

Possible mechanism

Reports including epidemiological, ecological and case-controls provide a 
correlation between consumption of A1 cow milk and incidence of T1D. Animal studies 
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in mice and rat and in vitro studies on cell lines further strengthen these observations. 
The biochemical mechanism revealing the structure of A1/A2 β-casein and possibility 
of release of BCM-7 from only A1 β-casein and the role of this peptide in the incidence 
of this disease in genetically predisposed individuals further support this hypothesis. 
The pharmacological properties revealing the opioid activity and binding afϐinity 
of BCM-7 further add in the development of this hypothesis. The immunological 
response observed through increased levels of antibodies against the A1 β-casein in 
well-designed animal trials in NOD mice and BB rats may demonstrate the role of this 
variant of β-casein and incidence of T1D. BCM-7 released from only A1 “like” β-casein 
resembles morphine in structure and therefore, has opioid characteristics. Moreover, 
it has also been shown to inhibit human intestinal lymphocyte proliferation in vitro. 
Therefore, there is a possibility that such an immune suppressant inϐluences the 
development of gut-associated immune tolerance, or suppresses defense mechanisms 
towards enteroviruses [14,24]. Also, in our laboratory, we observed gut inϐlammatory 
response of A1 β-casein and BCM-7 that may create leaky gut [25,26]. All these 
immunological as well as pharmacological factors may substantially be implicated 
in the etiology of T1D. Mechanistically, the concept of ‘cross-reactivity’ between the 
peptides derived from cows’ milk and amino acid sequences of pancreatic β-cell 
transporters like GLUT2 is appealing and has been proposed by several investigators 
[27]. The hypothesis that the exposure in infancy to A1 β-casein from cows’ milk 
is etiologically associated with the development of T1D in genetically susceptible 
individuals is a fascinating one. Exactly how A1 β-casein affects the immune systems 
has not been determined. Certainly antibody response against A1 β-casein has been 
identiϐied in people with T1D but these are seen in cross-sectional studies and need 
further investigations with deeper research. Also, sources of bias that could account 
for these high correlations are not apparent, and the ecological evidence demands 
more research. The other human observations are all case-control studies of immune 
responsiveness and these are somewhat supportive of the A1/A2 hypothesis. However, 
a very valid alternative explanation for the observed immune reactivity to β-casein is 
that it is a consequence of the disease process rather than a cause of it. The immediate 
and undisputable implication is that more research is urgently needed to investigate 
the A1/A2 hypothesis. Animal feeding trials on A1/A2 β-casein and determination of 
biochemical, immunological and physiological parameters are to be addressed with 
more sophisticated techniques like ELISA, ϐlow cytometry, western blots, histology 
and gut microbiome analysis. A proper mechanism can be established from the reliable 
data generated from animal feeding trials followed by human clinical trials to show 
cause-effect relationship. If undesirable role of β-casein is established with T1D in 
animal and human studies, then we have to make speciϐic recommendations to the 
public about actions to take (in relation to milk exposure) to prevent T1D and make 
policy-based decisions about reducing the exposure of infants to A1 milk.

Arguments against the a1/a2 milk hypothesis

The effect of consumption of A1/A2 “like” milk and an establishment of a hypoth-
esis of incidence of T1D in genetically predisposed individuals has been subject of con-
troversy. Although the diabetogenic effect of A1 milk has been observed in ecological, 
epidemiological and case-control studies. This effect has further been supported by in 
vivo trials in animal models including mice and/rat through assessment of antibody 
responses and other immunological parameters. Nevertheless, on the other hand, in 
2009 European Food Safety Authority (EFSA) while assessing the hypothesis through 
clinical data on human health, reported that there isn’t sufϐicient data to correlate con-
sumption of A1 milk and incidence of T1D [1]. The report highlights that animal trials 
performed present some contradictory results, ecological studies couldn’t establish 
cause-effect relationship fully. It is also reported that the correlation of consumption of 
A1 milk and T1D is only suggestive evidence. The issue highlighted is that the national 
A1 milk consumption shouldn’t be the same as infant formulas (in which whey potion 
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has been increased and casein protein decreased). In some countries like Switzerland, 
the T1D has increased three-fold since 1990 without a change in milk protein con-
sumption [28]. However, the report itself reads that these studies are strong enough to 
formulate a concrete hypothesis and further research is needed to conϐirm the same. 
However, to the best of our knowledge, keeping in view the published data in favour 
of the hypothesis including ecological, epidemiological, case-control studies, in vivo 
(animal) and in vitro trials can’t be ignored. Therefore in conclusion the present status 
of the hypothesis is on the stage where further research with well-designed animal and 
cell lines trials on intact proteins and peptides is needed to fully conϐirm the results.

Conclusion 

The possible links between consumption of A1 “like” milk and incidence of T1D in 
genetically susceptible individuals is potentially very important for consumer health. 
The hypothesis is based on the data generated from ecological, epidemiological, case-
control studies. The animal feeding trials in mice and rat and in vitro trials on cell 
lines with puriϐied proteins or commercialized synthesized peptides (BCM-7). There 
are various mechanisms supporting this hypothesis starting from variant speciϐic 
release through pharmacological opioid activity to immunological activities. Although 
the hypothesis is possibly strong, however, the presentation of controversial data and 
cross-sectional studies deserve further investigations with deeper research. 

To the best of our knowledge, keeping in view the published data in favor of the 
hypothesis, including ecological, epidemiological, case-control studies, in vivo (animal) 
and in vitro trials need considerable attention. On the other hand, the statements 
presented by EFSA report (2009) can’t also be ignored. Therefore, in conclusion 
the present status of the hypothesis on the stage where further research with well-
designed animal and cell lines trials on intact proteins and peptides is needed to fully 
afϐirm the results. Until proven correct with more research at cellular and molecular 
level, it the personal choice of the individuals at risk to T1D (genetically predisposed) 
either to remove this variant of β-casein from their diet or increase the A2 β-casein in 
their diet.

Future perspectives

In our opinion the current status of the issue regarding the intake of A1 “milk” in 
the diet puts forward following necessary actions: 

More funding is required for clinical trials in humans and animal feeding trials 
followed by in vitro trials on cell lines. These efforts will surely demonstrate cause-
effect relationship in addition to unravelling the mechanistic pathways at biochemical, 
immunological and physiological levels.

The consumers should be made aware through awareness programmes regarding 
the current status of the hypothesis. However, at the same time the evidences and 
uncertainties of this cause-effect relationship must be discussed with comprehensive 
literature including controversial data. Moreover, considerations of the assertions 
announced in the public about health beneϐits of A2 milk should be properly checked 
and making sure that they fall within food safety regulations.

Only when the issue is resolved and the cause-effect relationship is proved at all 
stages including ecological, cellular and molecular levels in future, then Governments 
should come up with polices and recommend people who are predisposed to diabetes 
to provide full considerations regarding the issue. 

After proving it correct in future, the Governments will have an option to remove 
this variant from diet and/or alternatively shifting the herds of bovines and buffalos to 
A2 milk through proper genetic breeding polices.
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Overall, after the issue is resolved through comprehensive research trials and other 
experimentation, it will be more intriguing and potentially important for consumer 
health and industrial applications to formulate guidelines for intake of A1/A2 “type” 
milk to correlate it fully with incidence of type 1 diabetes in genetically predisposed 
individuals.
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