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Context: Various epidemiological studies suggest a positive association between
exposure to cow’s milk A1 b-casein protein and risk for noncommunicable chronic
diseases. The consumption of A2 cow’s milk is increasing, likely because A2 milk is
postulated to have positive effects on digestive health. Objective: A systematic re-
view was conducted to investigate associations between A1 b-casein and health-
related outcomes in humans. Data Sources: Five electronic databases, 3 clinical
trial registries, and the internet were searched systematically. Study Selection:
Using predefined inclusion criteria, 2 authors independently selected studies investi-
gating the effect of A1 b-casein or b-casomorphin-7 intake/exposure on any
health-related outcome in humans. Discrepancies were resolved by consensus.
Data Extraction: Two authors independently extracted data and assessed risk of
bias. The certainty of evidence per outcome was evaluated using the GRADE ap-
proach. Discrepancies were resolved by consensus. Results: Fifteen randomized
controlled trials, 2 case-control studies, and 8 ecological studies were included.
Most randomized controlled studies and case-control studies investigating a poten-
tial effect on various outcomes were based on intermediate markers and found no
significant difference between the 2 milk types. In contrast, most ecological studies
reported that population-level A1 b-casein exposure is associated with adverse
health outcomes. The certainty of the evidence for the included outcomes, as
assessed by the GRADE approach, was rated as moderate for digestive symptoms
and as low to very low for all other outcomes. Conclusions: Human-based evi-
dence from clinical trials and epidemiological studies published prior to October
2017 provides moderate certainty for adverse digestive health effects of A1 b-casein
compared with A2 b-casein but low or very low certainty for other health effects.
These conclusions may change in the future, given the emergent nature of this
topic and the ongoing research in this area. Systematic Review Registration:
PROSPERO registration number CRD42016043795.
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INTRODUCTION

Cow’s milk is an important component of the human
diet worldwide, providing energy and nutrients that

support proper bone mass formation and contribute to
adequate growth in children. Additionally, milk is im-

portant for neuropsychological development.1,2

However, concerns about potential adverse outcomes

associated with regular bovine milk consumption (eg,
an increased risk of noncommunicable diseases such as

cardiovascular disease, cancer, or diabetes) have been
raised repeatedly over the last few decades.3–6

Milk consists of protein (mainly casein and whey),
fats (a spectrum of saturated, monounsaturated, and

polyunsaturated fatty acids), carbohydrates (mainly lac-
tose and oligosaccharides), and water. Approximately

one-third of the protein fraction consists of b-caseins.
b-Caseins are insoluble milk proteins that are present in

various genetically determined forms in milk, including
the A1 and A2 variants. The relative concentrations of

A1 and A2 b-casein proteins in milk vary between dif-
ferent species of cattle. While most African and Asian

cattle produce only A2 b-casein, cattle from Europe, the
United States, Australia, and New Zealand produce

both A1 and A2 b-casein.7,8 In general, milk containing
a higher concentration of A1 b-casein than A2 b-casein

is known as A1 milk, while A2 milk contains predomi-
nantly A2 b-casein.

b-Caseins A1 and A2 are distinguished by only a

single amino acid. During digestion, the A1 variant
releases a bioactive opioid peptide, b-casomorphin-7,

while the A2 variant does not. b-Casomorphin-7 is
known to influence the nervous, endocrine, and im-

mune systems by activating l-opioid receptors that are
expressed throughout the gastrointestinal tract and

body, leading to different effects that include analgesia,
sedation, slightly reduced blood pressure, nausea, de-

creased respiration, decreased bowel motility, and
others. Thus, b-casomorphin-7 is thought to be respon-

sible for potential adverse outcomes associated with A1
b-casein milk (A1 milk), such as increased risk of diabe-

tes. In contrast, the consumption of milk containing ex-
clusively the A2 b-casein variant (A2 milk) has been

promoted as being associated with positive health
effects, including reduced gastrointestinal symptoms,

when compared with the consumption of milk contain-
ing both A1 and A2 ß-caseins (regular milk).9,10

However, study design variations, inconsistent findings,
and different ways of assessing A1 and A2 b-casein in-

take have thus far precluded definitive conclusions
about the effect of these proteins on health outcomes.

A systematic review was conducted to assess
whether A1 b-casein consumption is associated with an

increased risk of noncommunicable diseases and other

adverse health outcomes. The main objectives of this

systematic review were as follows: (1) to identify all pri-
mary studies evaluating health-related outcomes of A1

b-casein consumption/exposure in humans; (2) to
quantitatively summarize results by conducting meta-

analyses for all health-related outcomes, provided at
least 2 comparable studies (eg, in terms of study type)
were available; and (3) to narratively summarize those

results for which meta-analysis was not possible.

METHODS

All steps of the systematic review process were con-

ducted according to the methods described in the
Cochrane Handbook for Systematic Reviews of

Interventions.11 The systematic review was registered
prospectively in PROSPERO, an international prospec-

tive register for systematic reviews (ID no.
CRD42016043795). The methodology and the results
are reported according to the PRISMA (Preferred

Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines for systematic reviews (see

Appendix S1 in the Supporting Information online).12

Eligibility criteria

The research question was defined according to the

PICOS approach (Participants, Interventions,
Comparison, Outcomes, Study design) (Table 113).

Studies investigating the effect of A1 b-casein or b-caso-
morphin-7 intake/exposure on any health-related out-

come in humans were included. Any comparison group
was considered, and the following types of comparisons

were defined: comparison I, A1 b-casein vs A2 b-casein
(any dose and any duration of consumption/exposure);

comparison II, higher intake of or exposure to A1
b-casein vs lower intake of or exposure to A1 b-casein

(ie, comparing different dosages or durations of A1
b-casein); and comparison III, A1 b-casein vs no A1

b-casein (ie, no milk intake/exposure).
In addition, to be included, studies had to report

on any health-related outcome. Intermediate or surro-
gate markers were considered as proxies for relevant

outcomes where available (eg, plasma insulin concen-
tration, concentration of blood lipids, etc). No restric-

tions on study design or language were applied.
Laboratory and animal studies were excluded.

Systematic literature search

To identify all published studies investigating the effect

of A1 b-casein on health-related outcomes, the follow-
ing electronic databases were searched from inception

until April 2016 (an updated search from April 2016 to
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October 2017 was performed in October 2017): Ovid
MEDLINE, Ovid MEDLINE In-Process & Other Non-

Indexed Citations, Ovid MEDLINE Daily Update, the
Cochrane Library, Web of Science, BIOSIS, and Ovid

Embase. The search strategy used in Ovid MEDLINE is
shown in Appendix S2 in the Supporting Information

online. This search strategy was adapted for the other
databases as required. Additionally, reference lists of eli-

gible articles were screened for further relevant referen-
ces and ongoing studies. The following clinical trials

registries were searched for unpublished and ongoing
trials: ClinicalTrials.gov, the World Health

Organization (WHO) International Clinical Trials
Registry Platform, and the Australian New Zealand
Clinical Trial Registry. The internet was also searched

using Google, Google Scholar, OpenGrey, and the
World Intellectual Property Organization (WIPO)

Patent Cooperation Treaty register of patents to identify
further relevant studies not published in electronically

available journals. For the internet search, the terms
“A1 milk” and “A2 milk” were used. The Google search

retrieved more than 8000 records, of which the first 100
were screened. Google Scholar retrieved 120 records, all

of which were included in the screening process. The
websites of relevant organizations, including a2milk-

company.com, bcasein.net, bcasein.org, and keithwood-
ford.wordpress.com, were also screened for studies.

Study selection

Two authors (D.K. and S.L.) independently selected
studies on the basis of predefined inclusion criteria us-

ing the Covidence online software.14 First, titles and

abstracts of studies retrieved through the searches were

screened to exclude obvious irrelevant references.
Second, full-text publications of potentially relevant

studies were obtained and checked for final inclusion.
Any disagreement was resolved through consensus or

by discussion with a third author (J.J.M.).

Data extraction and risk-of-bias assessment

Again, 2 authors (D.K. and S.L.) carried out data extrac-

tion and risk-of-bias assessment independently, and
any disagreement was resolved through consensus or

discussion with a third author (J.J.M.).
The following data were extracted for each in-

cluded study: study characteristics (including biblio-
graphic details, objective[s], details of funding, study

design, and number of participants in groups), charac-
teristics of the included population (including age, sex,

and health status), characteristics of both the interven-
tion/exposure and the control intervention (including

type, dosage, and mode of administration), and out-
come data (including definition, direction of the effect,

and time of measurement).
The tools used for the risk-of-bias assessment var-

ied, depending on the study design. The Cochrane risk-
of-bias tool was used to assess risk of bias in random-

ized controlled trials (RCT), including specific potential
risk of bias due to crossover design.15 For case-control

studies, the Cochrane risk of bias in non-randomized
studies – of interventions (ROBINS-I) tool was used,16

and for ecological studies, the National Institute for
Health and Care Excellence (NICE) quality appraisal

checklist for quantitative studies reporting correlations
and associations was used.17

Data synthesis and statistical analysis

First, to provide an overview of the research landscape,

health outcomes (ie, each study result) were displayed
visually by intake of or exposure to A1 and A2 b-casein,
using a bubble plot in which study results were catego-

rized by study design and type of outcome (eg, type 1
diabetes, gastrointestinal conditions, etc).18

When studies were comparable in terms of the in-
tervention, outcome, and study design, estimates from

different studies were pooled using a random-effects
meta-analysis. For continuous outcomes, the mean dif-

ference (MD) with 95%CI was tested, and heterogeneity
was assessed using the I2, v2, and s2 tests. A combina-

tion of I2 value greater than 50% and P< 0.05 was con-
sidered an indicator of heterogeneity. For studies that

used a crossover design and reported results for both
intervention periods together, meta-analysis was per-

formed as if the studies were parallel group trials. This

Table 1 PICOS criteria for inclusion and exclusion of
studiesa

Criterion Description

Participants Humans of both sexes, without any
restriction

Intervention/exposure A1 b-casein or its derivate,
b-casomorphin-7

Comparison Any comparison group was eligible,
including:

(I) A2 b-casein intake/exposure
(II) Different dosages of A1 b-casein

intake/exposure
(III) No A1 b-casein intake/exposure

(ie, no milk intake/exposure)
Outcome Any health-related outcome,

including intermediate markers
(eg, plasma cholesterol
concentrations)

Study design No restriction. Any study type was
eligible, including controlled
studies, studies without a control
group, and ecological studies

aAccording to Sackett et al (1996).13
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approach gives rise to a unit-of-analysis error because

each study participant is exposed to more than 1 inter-
vention.19 For outcomes that did not allow a quantita-

tive pooled summary estimate, the results are described
narratively.

Subgroup and/or sensitivity analyses were planned
(eg, stratified by characteristics of the study population,
stratified by published/unpublished studies, etc) but

could not be conducted because of the limited number
of included studies.

Assessment of the certainty of evidence

The certainty of evidence for each outcome was assessed

using the GRADE (Grading of Recommendations,
Assessment, Development and Evaluation) approach.20

The GRADE assessment takes into account, among
other factors, study design, risk of bias (ie, study limita-

tions), inconsistency of results across available studies
(ie, differences in estimates of effect across studies that

assessed the same comparison), indirectness (ie, differ-
ences in the patient population, intervention/exposure,

or outcome measures), and imprecision of the results
(ie, 95%CIs that are wide and/or include or are close to

null effect around the point estimate). For observational
studies, upgrading the certainty of the evidence for large

magnitude of effect, dose response, and effect of all
plausible residual confounding factors was considered,

provided no important threats to validity were present.
The certainty of the evidence was categorized for each

outcome as high, moderate, low, or very low. The
GRADE assessment was also carried out by 2 authors

(D.K. and P.K.) independently, and again, any disagree-
ment was resolved through consensus or discussion
with a third author (J.J.M.).

A GRADE assessment was conducted only on rele-
vant or other important outcomes. The importance of

outcomes was determined pragmatically, ie, outcomes
that were the primary outcome in any of the studies, or

that were considered as secondary outcomes in 2 or
more studies, were GRADEd. Secondary outcomes that

were considered in only a single study, such as specific
blood parameters, were not formally GRADEd (see

Appendix S3 in the Supporting Information online).

RESULTS

Systematic literature search

A total of 9092 potentially relevant records were identi-
fied through the systematic literature search of elec-

tronic databases. An additional 73 records were
identified through other sources. The updated search

identified 514 new records. After removing duplicates,

6529 unique records were assessed for eligibility. From

these, 6188 records were excluded after title and ab-
stract screening, and another 316 were excluded after

full-text screening. Finally, 25 records fulfilled the inclu-
sion criteria (Figure 1). Of the 25 included references, 2

reported results on the same study, and 1 reported the
results of 2 different studies. Therefore, 25 studies were
included in this systematic review. Most studies were

identified in scientific journals, 3 were identified in pat-
ent registers,21,22 and 8 were identified in clinical trial

registries.23–30

Included studies

Included studies varied in study design: 15 of 25 studies
(60%) were RCTs with either parallel21,26,29,31 or cross-

over designs,9,10,23–25,27,28,30,32–35 2 of 25 studies (8%)
were case-control studies,36,37 and the remaining 8 of
25 studies (32%) used an ecological design.21,22,38–43 All

RCTs, 1 case-control study, and 1 ecological study ana-
lyzed health outcomes after intake of or exposure to A1

b-casein in comparison with intake of or exposure to
A2 b-casein (comparison I). One case-control study

and the remaining ecological studies investigated differ-
ent A1 b-casein dosages (comparison II); 1 of these eco-

logical studies also compared A1 with A2 b-casein for 1
specific outcome (comparison I). Moreover, 1 of the

identified RCTs compared the intake of regular milk
(considered to be A1 milk) with no A1 b-casein intake/

exposure (ie, placebo)31 (comparison III).
Figure 2 displays the reported outcomes across in-

cluded studies, grouped according to the study design
and the type of control intervention. Each dot in the fig-

ure represents 1 outcome listed in Tables 4 to 8. In cases
in which an outcome was reported stratified, eg, by age,

the results were summarized into 1 dot.

Randomized controlled trials. Table 2 9,10,21,23–35 presents

the main characteristics of the 15 RCTs (7 published,
8 ongoing or completed but not yet published). In brief,
7 RCTs were conducted in Australia or New

Zealand,9,21,23,26,32–34 4 were conducted in
China,10,24,29,30,35 1 was completed in the United

Kingdom,31 and 3 are ongoing in England.25,27,28 In 10
RCTs, the study population consisted of healthy

adults,9,10,23–26,28,31,32,34 and in 5 RCTs, children and
adolescents were included.21,27,29,30,33

The published RCTs made the following compari-
sons (comparison I): Using a crossover design, Chin-

Dusting et al32 administered milkshakes containing A1
or A2 b-casein (10 g/d for 12 weeks) to 15 adults at high

risk of cardiovascular disease. Using a parallel design,
Crawford et al21 investigated the difference between 1-

time milk intake of either A1 or A2 b-casein (500 ml
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per 70 kg body weight, unclear sample size) in children
and adolescents with autism. Crowley et al33 used a

crossover design to investigate intake of milk contain-
ing either A1 or A2 b-casein (400 ml/d for 2 weeks) in

26 children with chronic functional constipation.
Ho et al9 used a crossover design to compare A1 vs A2

milk (providing 750 ml of b-casein daily for 2 weeks) in-
take in 41 healthy adults. Jianqin et al10 and Deth et al35
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Figure 1 Flow diagram of the literature search process. (*) Other sources include results from the Internet search, as described in the
methods section.

Figure 2 A1 and/or A2 b-casein and health outcomes. Abbreviations: CVD, cardiovascular disease; DM, diabetes mellitus; EIMD, exercise-in-
duced muscle damage; GI, gastrointestinal; neurolog., neurological; RCTs, randomized controlled trials.
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Table 2 Characteristics of the included randomized controlled trials
Study Country Study population Reported outcomes Study funding

Chin-Dusting et al
(2006)32

Australia Asymptomatic adult participants
at high risk of developing CVDa.
Sample size: n¼ 15 (crossover
design)

Intermediate markers for CVD:
plasma TC, LDL-C, HDL-C, plasma
TGs, and BP

The a2 Milk Company
Limited (formerly A2
Corporation Limited)

Intermediate marker for diabetes:
plasma insulin concentration

Crawford et al
(2002)21

New
Zealand

Children and adolescents aged
� 18 y of age, with diagnosed
autism. Sample size: unknown
(parallel design)

Intermediate marker for neurologi-
cal disease: BCMs in urine

Not described

Crowley et al
(2013)33

Australia Children aged 1–12 y, diagnosed
with CFCb. Sample size: n¼ 26
(crossover design)

GI symptoms, including constipa-
tion and bowel motions

Primary healthcare re-
search and develop-
ment program, as
well as the University
of Newcastle,
Department of Rural
Health

Ho et al (2014)9 Australia Healthy adults without milk aller-
gies or diagnosed lactose intol-
erance; no pregnancy/lactation;
no cardiovascular events in the
past 6 mo; no opioid consump-
tion; no antibiotic treatment in
the past 8 wk; no immunosup-
pressive or anti-inflammatory
medications. Sample size:
n¼ 41 (crossover design)

GI symptoms, including stool fre-
quency and consistency, diges-
tive discomfort, subjective
measures of milk intolerance

The a2 Milk Company
Limited (formerly A2
Corporation Limited)

Jianqin et al
(2016)10; Deth
et al35

China Healthy adults (Chinese Han), who
usually have a high rate of per-
ceived lactose intolerance or re-
port lactose malabsorption.
Sample size: n¼ 45 (crossover
design)

GI symptoms, including serum bio-
markers, subjective measures of
milk intolerance, stool frequency
and consistency, GI transit time,
stomach and bowel inflamma-
tion, fecal biomarkers

The a2 Milk Company
Limited (formerly A2
Corporation Limited)

Intermediate marker for neurolog-
ical disease: computer-based re-
action tests (speed of data
processing)

GSH concentration and BCM-7
concentration

Kirk et al (2017)31 United
Kingdom

Healthy males who regularly com-
pete in team-sports (Gaelic foot-
ball, soccer, or rugby). Sample
size: n¼ 21 (parallel design)

EIMD: VAS (muscle soreness), CMJ,
MVIC, and 20-m sprint test

None

Venn et al (2006)34 New
Zealand

Healthy adults with regular dairy
product intake and total plasma
cholesterol of 5–8 mmol/L, not
taking lipid-lowering medica-
tions, and without any chronic
disease. Sample size: n¼ 55
(crossover design)

Intermediate markers for CVD:
plasma TC, LDL-C, HDL-C, and
plasma TGs

Research grant from the
University of Otago,
New Zealand

Plasma fatty acids (LA, ALA, AA,
DHA)

Studies identified in trial registries
Cameron-Smith

(2016)23
New

Zealand
Healthy female adults aged 20–

30 y, with impaired digestion.
Planned sample size: n¼ 40
(crossover design). Status: study
completed in May 2017

Planned outcomes: The a2 Milk Company
Limited (formerly A2
Corporation Limited)

Markers for GI symptoms: VAS
score, GI symptoms diary,
bowel movements, intestinal
motility, inflammatory gene
expression of TNF-a, MCP-1,
IL-1b

Plasma concentration of lipids,
glucose, insulin, CRP, TNF-a,
whole blood counts, urinary
creatinine, breath
metabolites

(continued)
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Table 2 Continued
Study Country Study population Reported outcomes Study funding

Clarke (2016)24 China Healthy adults aged 20–50 y, with
self-reported milk intolerance.
Planned sample size: n¼ 600
(crossover design). Status: study
completed in March 2016

Planned outcomes: The a2 Milk Company
Limited (formerly A2
Corporation Limited)

Markers for GI symptoms: sub-
jective measures of milk in-
tolerance, urinary galactose
concentrations

Dickinson (2017)25 United
Kingdom

Adults aged 18–45 y, diagnosed
with asthma, who have regular
endurance training at least 3
times weekly. Planned sample
size: n¼ 24 (crossover design).
Status: recruiting participants
until January 2019

Planned outcomes: The a2 Milk Company
Limited (formerly A2
Corporation Limited)

Markers of asthma: EVH challenge
with lung function test, urine
levels of prostaglandin (9a,
11b) and Clara cell protein
(CC16), exhaled nitric oxide
levels

Markers of exercise perfor-
mance: 3-km trial perfor-
mance, gas exchange,
perceptual responses, heart
rate during exercise, blood
lactate concentration

Markers for GI symptoms: stool
consistency

Markers of inflammation, im-
mune function, and intestinal
integrity/intestinal epithelial
cell damage, including WBC
count, phagocyte oxidative
burst, plasma CRP, cytokines
and immunoglobulins, GSH,
and lipid peroxidation markers,
plasma BCM-7 concentration

Pal (2017)26 Australia Overweight or obese adults (BMI
25–40 kg/m2), aged 18–70 y.
Planned sample size: n¼ 140
(parallel design). Status: not yet
recruiting, but expected to end
by December 2018

Planned outcomes: The a2 Milk Company
Limited (formerly A2
Corporation Limited)

Markers for cardiometabolic
risk: antibodies to oxidized
LDL, serum cholesterol and
triglyceride, arterial stiffness,
blood pressure

Markers for GI symptoms: self-
reported tolerance to inter-
ventions, fecal calprotectin,
gut microbiome, gut
permeability

Various serum concentrations,
including dipeptidyl
peptidase IV, glucose, insulin,
leptin, inflammatory markers
(including various ILs and CRP)

Plasma BCM-7 concentration
Lodge (2016)27 United

Kingdom
Children aged 5–10 y, diagnosed

with ASD and features of ADHD.
Planned sample size: n¼ 40
(crossover design). Status: par-
ticipants recruited until
December 2017

Planned outcomes: Northumbria University,
ESPA research, and
The a2 Milk Company
Limited

Autism rating scales
Intermediate markers,

including amino acids in urine,
stool consistency

Sandrine (2017)28 United
Kingdom

Healthy adults aged 18–56 y.
Planned sample size: n¼ 50
(crossover design). Status: par-
ticipants recruited until March
2018

Planned outcomes: University of Reading,
United KingdomMarkers for GI symptoms: GI in-

flammation (fecal calprotec-
tin), VAS score, stool
consistency, self-reported GI
transit time, gut microbiota
ecosystem

Height, weight, BP, urinary and
plasma metabolic profiles,
systemic inflammation (CRP),
lactose intolerance, and psy-
chological behavior

(continued)
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used a crossover design to investigate A1 milk (A1:A2
ratio of 40:60) compared with milk containing A2 only

(both study arms received 500 ml of milk daily for
14 days) in 45 healthy adults. Kirk et al31 used a parallel

design to compare the effect of 500 ml (1-time intake) of
regular milk (containing both A1 and A2 b-casein) with

500 ml of milk containing solely A2 b-casein or placebo
(50 g of maltodextrin mixed with water, comparison III)

in 21 healthy men who regularly competed in team
sports. Venn et al34 evaluated, in a crossover design, con-

sumption of milk and cheese containing both A1 and A2
b-casein compared with consumption of milk and cheese

containing A2 b-casein only (participants in each study
arm were provided with 500 ml of milk and 28 g of

cheese daily for 4.5 weeks) in 55 healthy adults.
Table 2 shows the characteristics of the unpublished

RCTs (identified in clinical trial registries). All studies
compared the effect of A1 milk and A2 milk on various

outcomes (including gastrointestinal symptoms and inter-
mediate markers of asthma and autism) (comparison I).

Case-control studies. Table 3 21,22,36–43 presents the main
characteristics of the 2 case-control studies included. In

brief, 1 of the studies investigated, retrospectively,

whether A1 and A2 milk intake is associated with low-
density lipoprotein cholesterol (LDL-C) concentrations

in 82 healthy adults in Albania (comparison I).36 The ret-
rospective exposure to A1 and A2 b-casein was analyzed

in relation to the plasma LDL-C concentrations of cases
(healthy adults with high LDL-C plasma concentrations)

and controls (healthy adults with low LDL-C plasma
concentrations). The second study examined, in 220 chil-

dren aged 3 to 19 years, whether incidence of type 1 dia-
betes is associated with former nursing habits (length of

lactation) and/or milk exposure, respectively37 (compari-
son II). The exposure to cow’s milk (considering the A1

b-casein content and the duration of lactation as the tim-
ing of first exposure to cow’s milk) was analyzed in

patients with type 1 diabetes and in healthy controls.

Ecological studies. Table 3 presents the main characteris-

tics of the ecological studies. In brief, the 8 studies in-
vestigated whether A1 b-casein exposure is a risk factor

for the development of selected diseases in various
countries worldwide. In most studies, the regular A1 b-

casein exposure was calculated from the estimated per
capita milk intake, taking into account the cattle

breeds present in the respective regions. The regular

Table 2 Continued
Study Country Study population Reported outcomes Study funding

Zhang (2017)29 China Healthy infants aged 40–60 d,
willing to formula feed and con-
suming at least 600 ml daily.
Planned sample size: n¼ 33
(parallel design). Status: study
completed in February 2016

Planned outcomes: The a2 Milk Company
Limited (formerly A2
Corporation Limited)

Markers for GI symptoms: stool
frequency, consistency, and
color

Fecal concentrations of myelo-
peroxidase, short-chain fatty
acids, and microflora

Body weight, height, head cir-
cumference, chest circumfer-
ence, cry frequency and
duration, sleep duration, milk
regurgitation frequency

Zhang (2017)30 China Healthy preschool children aged
5–6 y, with no regular milk con-
sumption and with mild to
moderate milk intolerance.
Planned sample size: n¼ 80
(crossover design). Status: study
completed in January 2017

Planned outcomes: The a2 Milk Company
Limited (formerly A2
Corporation Limited)

Markers for GI symptoms: VAS
score, stool frequency and
consistency

Serum concentrations of CRP,
hemoglobin, IL-4, IgG, IgE,
IgG1, IgG2a, BCM-7, GSH, cal-
cium, iron, zinc

Fecal short chain fatty acids
and myeloperoxidase

Subtle cognitive impairment test
Abbreviations: AA, arachidonic acid; ADHD, attention-deficit/hyperactivity disorder; ALA, a-linolenic acid; ASD, autism spectrum disor-
der; BCM, b-casomorphin; BMI, body mass index; BP, blood pressure; CFC, chronic functional constipation; CMJ, countermovement
jump; CRP, C-reactive protein; CVD, cardiovascular disease; DHA, docosahexaenoic acid; EIMD, exercise-induced muscle damage; ESPA,
Education and Services for People with Autism; EVH, eucapnic voluntary hyperpnea; GI, gastrointestinal; GSH, glutathione; HDL-C,
high-density lipoprotein cholesterol; Ig, immunoglobulin; IL, interleukin; LA, linoleic acid; LDL-C, low-density lipoprotein cholesterol;
MCP, monocyte chemotactic protein; MVIC, maximal voluntary isometric contraction; TC, total cholesterol; TG, triglyceride; TNF-a,
tumor necrosis factor-a; VAS, visual analogue scale; WBC, white blood cell.
aParticipants at high risk of developing CVD were defined as those who had at least 2 of the following risk factors: current smoker, BMI
> 25 mg/m2, total serum cholesterol > 6 mmol/l, systolic blood pressure > 145 mmHg, family history with at least 1 parent showing
onset of CVD under the age of 60 y.
bCFC defined as fewer than 8 bowel motions in 14 d, unresolved by medication or diet.
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Table 3 Characteristics of the included case-control and ecological studies
Study Country Study population Reported outcomes Study funding

Case-control studies
Laknori et al (2010)36 Albania Not described; probably

healthy adults.
Sample size: n¼ 82

Intermediate marker for
CVD: LDL-C

Not described

Thorsdottir et al (2000)37 Iceland Children and adoles-
cents aged 3–19 y
with diagnosed
T1DM, and age- and
sex-matched healthy
controls. Sample size:
n¼ 220 (55 cases,
165 controls)

Incidence of T1DM Not described

Ecological studies
Birgisdottir et al (2006)38 Iceland and Scandinavia

(Norway, Denmark,
Sweden, Finland)

Children and adoles-
cents up to age 14 y.
Data for children
aged 2 y and for chil-
dren aged 11–14 y
were analyzed
separately

Incidence of T1DM Grants from the
Icelandic Research
Council and the
Foundation for
Research, Science
and Technology,
New Zealand

Casu et al (2001)39 Italy Children and adoles-
cents aged 0–14 y

Incidence of T1DM Not described

Crawford et al (2002)21 Australia, Canada,
Denmark, Finland,
Germany, Iceland,
New Zealand,
Norway, Sweden,
USA

Not described Mortality due to neuro-
logical disease

Not described

Elliott et al (1999)40 Australia, Canada,
Denmark, Finland,
Germany, Iceland,
New Zealand,
Norway, Sweden,
USA

Children and adoles-
cents aged 0–14 y

Incidence of T1DM National Child Health
Research
Foundation and the
New Zealand Dairy
Board

Elliott & Laugesen (2001)22 Various countries (not
specified)

Not described Mortality due to CVD Not described
Incidence of asthma
Incidence of multiple

myeloma
Laugesen & Elliott (2003)41 Various countries

(n¼ 22)
Adults Mortality due to CVD The a2 Milk Company

Limited (formerly
A2 Corporation
Limited)

Children and adoles-
cents aged 0–14 y

Incidence of T1DM

McLachlan (2001)42 Various countries
(n¼ 21)

Male adults aged 30–
69 y, and older adults
(men and women
aged > 65 y)

Mortality due to CVD The a2 Milk Company
Limited (formerly
A2 Corporation
Limited)

Germany Male adults from differ-
ent states in Germany
(Schleswig-Holstein,
Niedersachsen,
Nordrhein-Westfalen,
Saarland, Hessen,
Rheinland-Pfalz,
Baden-Württemberg,
Bayern)

Mortality due to CVD

Various countries (not
specified)

Children and adoles-
cents aged 0–14 y

Incidence of T1DM

Wasmuth et al (1999)43 Germany Children Incidence of T1DM Not described
Abbreviations: CVD, cardiovascular disease; LDL-C, low-density lipoprotein cholesterol; T1DM, type 1 diabetes mellitus.
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A1 b-casein exposure per capita in each country was
correlated with various health conditions, including in-

cidence and/or prevalence data obtained from registries
for the outcome/disease of interest (eg, type 1 diabetes

or cardiovascular disease). Hence, different dosages of
A1 b-casein exposures could be analyzed. Seven of these

studies evaluated exposure to different dosages of A1
b-casein (comparison II), and 1 ecological study

compared exposure to A1 b-casein with exposure to A2
b casein (comparison I).

Funding of studies. Twelve of the 25 included studies
reported the a2 Milk Company Limited (formerly

A2 Corporation) as sponsor (10 RCTs and 2 ecological
studies).9,10,23–26,29,30,32,35,41,42 Of the remaining 13 stud-

ies, 5 were supported by different independent funding
agencies, including various health research pro-

grams28,33,34,38,40; 1 had no financial support31; and
7 provided no information on funding.21,22,36,37,39,43 Of

these, 2 studies were published as journal articles,36,37

2 as abstracts of conference proceedings,39,43 and 3 as

patent register entries.21,22

Risk of bias in included studies

Figure 39,10,20,21,31–35,37–42 shows the results of the risk-

of-bias assessment for all included studies. Most RCTs
did not provide sufficient information for an assess-

ment of low or high risk of bias, resulting in unclear

risk of bias for most domains. Two RCTs were judged
to have a high risk of bias owing to potential carryover

effects because neither crossover trial included a wash-
out period between the interventions.32,34

The 2 case-control studies were categorized to have
serious risk of bias,36,37 mainly owing to bias in the se-

lection of participants and because they did not control
for confounding variables such as usual milk intake

apart from the intervention.
The results of risk-of-bias assessment of the ecolog-

ical studies were similar across the studies. Overall, in-
ternal validity was judged to be unclear because of

missing information, and generalizability (ie, external va-
lidity) was considered high for 6 of the 8 studies.21,38–42

Health-related outcomes

A1 b-casein and diabetes. Results for type 1 diabetes are

summarized in Table 4.32,37–43 One crossover RCT
(comparison I) showed a decrease in the mean plasma

insulin concentration in both groups, without a signifi-
cant difference between groups (from 11.8 to 8.8 mU/L

in the A1 group and from 11.8 to 9 mU/L in the A2
group after 12 weeks of intervention).32 The incidence

of type 1 diabetes was not associated with A1 b-casein
consumption, either in 1 case-control study or in 2 eco-

logical studies [all comparison II: Thorsdottir et al37

and Wasmuth et al,43 both described only narratively,

and Casu et al39: r(p)¼ 0.4 (0.6)]. In contrast, 4

Risk of Bias 
Case-control studies 

Laknori et al. (2010)35 Thorsdottir et al. (2000)36

1. Bias due to confounding Serious Serious 

2. Bias in selection of participants into study Serious Serious 
3. Bias in classification of 
intervention/exposure

Moderate Moderate 

4. Bias due to deviations from intended 
intervention/exposure

No information No information 

5. Bias due to missing data No information No information 

6. Bias in measurement of outcomes Moderate Moderate 

7. Bias in selection of the reported results Low Low 
8. Overall risk of bias Serious Serious 

Ecological studies 

1. Domaina 2. Domaina 3. Domain 4. Domaina 5. Summary 

Population Definition of the 
exposure 

Endpoints Analysis Internal 
validity 

External 
validity 

Birgisdottir et al (2006)37 + / ++ / ++ ++ / NR / NR ++  - / NR/ ++ + ++ 

Casu et al (2001)38 + / ++ / + + / NR / NR ++  - / NR/ ++ + ++ 

Crawford et al (2002)20 + / ++ / + NR / NR / NR ++  - / NR/ ++ + ++ 

Elliott et al (1999)39 + / ++ / ++ NR / NR / NR ++  - / NR/ + + ++ 

Elliott et al (2001)21 - / - / NR NR / NR / NR ++  - / NR/ ++ + + 

Laugesen et al (2003)40 + / ++ / + NR / NR / NR ++  - / NR/ ++ + ++ 

McLachlan et al (2001)41 + / ++ / + NR / NR / NR ++  - / NR/ + + ++ 

Wasmuth et al (1999)42 + / + / + NR / NR / NR ++  - / NR/ + + + 
aDomain 1, 2, and 4 included various sub-categories tob e evaluated, thus several answers were possible. The assessment 
(++) means low risk of bias, (+) means unclear risk of bias, (-) means high risk of bias  

Risk of bias for ecological studies
(quality appraisal checklist-quantitative studies reporting correlations and associations)

C

BA Risk of bias for case-control studies (Cochrane ROBINS-I tool)Risk of bias for randomized controlled trials
(Cochrane risk of bias tool)

Figure 3 Risk-of-bias assessment for all included studies. (A): Risk of bias for randomized controlled trials (Cochrane risk of bias tool); (B)
Risk of bias for case-control studies (ROBINS-I tool); (C) Risk of bias for ecological studies (quality appraisal checklist—quantitative studies
reporting correlations and associations). Abbreviations: ROBINS-I, Risk Of Bias In Non-randomized Studies – of Interventions; NR, not reported.
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ecological studies found significant correlations be-

tween A1 b-casein exposure and the incidence of type 1
diabetes [(r(p)¼ 0.9 (P ¼ 0.037); r(p)¼ 0.774

(P < 0.01); r(p)¼ 0.92 (P < 0.001); r(p)¼ 0.75 (P value
not described)].38,40–43 Of note, 1 of these studies found

a significant positive correlation only in 2-year-old chil-
dren, whereas no correlation was found in children
aged 11 to 14 years (described only narratively).38 One

ecological study also investigated the correlation be-
tween A2 b-casein exposure and the incidence of type 1

diabetes and found a weak significant positive correla-
tion [comparison I: r(p)¼ 0.47 (0.05)].41

A1 b-casein and cardiovascular disease. All results for

cardiovascular disease are summarized in
Table 522,32,34,36,41,42,44. Two crossover RCTs showed no

significant difference between A1 and A2 milk for the
following outcomes (estimated effects expressed as MD

in mmol/L [95%CI]): plasma total cholesterol, �0.18
[�0.45 to 0.08]; plasma high-density lipoprotein choles-

terol, �0.00 [�0.09 to 0.08]; plasma LDL-C, �0.08
[�0.21 to 0.04]; and plasma triglycerides, �0.17 [�0.46

to 0.11]) after 4.5 and 6 weeks of intervention
(Figure 4).32,34 Chin-Dusting et al32 also investigated

whether there was an effect on systolic and diastolic
blood pressure; however, no differences were detected af-

ter 12 weeks of intervention (systolic blood pressure in
A1 group, 131 6 4 mmHg; systolic blood pressure in A2

group, 131 6 5 mmHg; diastolic blood pressure in A1
group, 77 6 2 mmHg; diastolic blood pressure in A2

group, 75 6 2 mmHg). A case-control study showed sig-
nificantly higher plasma LDL-C concentrations in partic-

ipants with regular intake of A1 milk than in participants
with regular intake of A2 milk (A1 milk,

129.29 6 16.67 mg/dL; A2 milk, 120.15 6 8.47 mg/dL).36

Mortality due to cardiovascular disease was corre-

lated with increasing A1 milk consumption in 3 ecolog-
ical studies [Elliott and Laugesen,22 data from patent

register: r(p)¼ 0.72 (P < 0.001) in males and 0.64
(P < 0.01)] in females; Laugesen and Elliott,41

r(p)¼ 0.76–0.82 (P < 0.001); and

McLachlan,42:r(p)¼ 0.71 (P value not described)].

A1 b-casein and neurological disease. All results for neu-
rological disease are summarized in Table 6.10,21

Urinary concentration of b-casomorphins in children
was increased after A1 milk consumption vs A2 milk

consumption in autistic children, while age-matched
normal children had almost no b-casomorphin in their

urine (described only narratively in an RCT, data from
patent register).21 Results on the speed and effectiveness

of information processing in 45 healthy adults (compar-
ison I), found slower response times and higher error

rates after 2 weeks of A1 milk intake compared with A2

milk intake (described only narratively).10 One ecologi-

cal study found a positive significant correlation be-
tween A1 b-casein exposure and mortality due to

neurological disorders (comparison I), whereas a nega-
tive, nonsignificant correlation was described for A2 b-

casein exposure [A1 b-casein, r(p)¼ 0.795 (0.006); A2
b-casein, r(p)¼�0.219 (0.544); data from patent
register].21

A1 b-casein and gastrointestinal conditions. All results

for gastrointestinal conditions are summarized in
Table 79,10,33. One RCT showed no significant differ-

ence between A1 and A2 milk in resolution of constipa-
tion or the number of bowel motions (A1 milk,

10.05 6 5.75 bowel motions; A2 milk, 10.56 6 5.24
bowel motions; assessed after 2 weeks of intervention).33

Stool consistency (assessed with the Bristol stool scale)
was measured in 2 RCTs after a 2-week intake of both

milk types (Ho et al,9 3.87 6 0.02 after A1 milk and
3.56 6 0.02 after A2 milk; and Jianqin et al,10

4.42 6 0.74 in participants consuming A1 milk in their
first trial period, 4.35 6 1.11 in participants consuming

A1 milk in their second trial period, 4.05 6 0.25 in par-
ticipants consuming A2 milk in their first trial period,

and 4.08 6 0.61 in participants consuming A2 milk in
their second trial period). Additionally, in participants

with self-reported milk intolerance, Ho et al9 reported
higher rates of flatus, bloating, abdominal pain, and

voiding difficulty after a 2-week intake of A1 milk com-
pared with a 2-week intake of A2 milk (described only

narratively).9 Results for stool frequency were contra-
dictory in the 2 RCTs: Ho et al9 found no difference,

while Jianqin et al10 reported higher stool frequency
rates after a 2-week intake of A1 milk (11.05 6 4.21

number/week in participants taking A1 milk in their
first trial period, 10.43 6 3.46 motions/week in partici-

pants taking A1 milk in their second trial period,
7.91 6 1.15 number/week in participants taking A2

milk in their first trial period, and 7.87 6 1.91 number/
week in participants taking A2 milk in their second trial
period). Furthermore, Jianqin et al10 showed increased

gastrointestinal transit time after a 2-week intake of A1
milk in comparison with A2 milk (whole gastrointesti-

nal transit time: 39.95 6 8.45 hours after A1 milk first,
40.14 6 6.81 hours after A1 milk second,

33.41 6 5.68 hours after A2 milk first, and
34.36 6 6.9 hours after A2 milk second).

A1 b-casein and the attenuation of exercise-induced

muscle damage. Results for the attenuation of exercise-
induced muscle damage are summarized in Table 831.

The RCT of Kirk et al31 found a significantly quicker re-
covery when assessing the countermovement jump and

the time after a 20-meter sprint in participants who
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consumed either A1 or A2 milk compared with placebo.
Results suggest that A2 milk could be equally effective

as A1 milk in attenuating exercise-induced muscle
damage, presenting an alternative to athletes intolerant

to regular milk.

A1 b-casein and further health-related outcomes. All fur-
ther results for other health-related outcomes are sum-

marized in Table 910,22,34,35 (results from 2 RCTs and 1
ecological study). Briefly, 1 of the RCTs found signifi-

cantly higher levels of interleukin 4, immunoglobulin
(Ig) G, IgE, IgG1, acetic acid, butanic acid, total small-

chain fatty acids, and b-casomorphin-7 after A1 milk

intake in comparison with A2 milk intake; no difference
in C-reactive protein or hemoglobin; and significantly

higher concentrations of plasma glutathione after A2
milk intake in comparison with A1 milk intake (com-

parison I).10,35 A further crossover RCT found signifi-
cantly lower plasma concentrations of a-linolenic acid

after A2 milk intake in comparison with A1 milk intake,
but no difference in concentrations of other plasma

fatty acids (lactic acid, arachidonic acid, and docosahex-
aenoic acid).34

One ecological study found a significant positive
correlation between A1 b-casein exposure and multiple

myeloma in males [r(p)¼ 0.62 (P < 0.01)] and in

Figure 4 Meta-analyses of the comparative effects of A1 and A2 milk on cholesterol concentrations in 2 randomized controlled
trials. Outcomes were measured at different times in each study. To allow comparison between the 2 studies, results from the nearest
measuring time points were considered: Chin-Dusting et al (2006)32 (outcome measured after 6 weeks of intervention) and
Venn et al (2006)34 (outcome measured after 4.5 weeks of intervention). (A) Meta-analysis for total cholesterol concentration; (B) Meta-analysis
for HDL-C concentration; (C) Meta-analysis for LDL-C concentration; (D) Meta-analysis for triglyceride concentration.
Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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females [r(p)¼ 0.71 (P < 0.001)] (data from patent reg-

ister), but no correlation with asthma was identified.22

GRADE assessment

Table 10 shows the results of the GRADE assessment

for at least 1 outcome of each outcome class, including
incidence of type 1 diabetes, mortality due to cardiovas-

cular or neurological disease, and gastrointestinal con-
ditions (including some intermediate markers). When a
study gave more than 1 result per outcome, ie, outcome

data were grouped by age or by region, the results were
summarized into 1 composite measure (ie, mean of all

values was measured). The certainty of the evidence
according to GRADE was judged as very low for most

outcomes. This was mainly due to the fact that many
outcomes were investigated in ecological studies, in

which the certainty of the evidence is lower than in
RCTs due to the inherent limitations of this study de-

sign. The certainty of evidence for risk of diabetes
(assessed with plasma insulin concentration) was rated

as low, and the certainty for outcomes of gastrointesti-
nal conditions (including score on the Bristol stool

scale, total gastrointestinal transit time, and resolution
of constipation) was rated as moderate. Most outcomes

reported in RCTs were downgraded for imprecision,
because of the small number of participants and/or

events, and for indirectness, because many studies in-
vestigated only intermediate markers of various

diseases.

DISCUSSION

Principal findings

The present systematic review assessed the available evi-

dence on the impact of A1 b-casein on health-related
outcomes in humans. Currently, the results of the stud-

ies investigating A1 b-casein are inconclusive.
Nevertheless, ongoing studies were identified in study
registries, and new studies have been registered during

the past few months. Therefore, the evidence will likely
continue to change while new studies are being per-

formed and their results published. For example, 1 of
the ongoing studies identified (Clarke24), which investi-

gated gastrointestinal effects after intake of conven-
tional milk vs milk containing A2 b-casein in 600

Chinese adults with self-reported lactose intolerance,
was recently published.45 The results showed that gas-

trointestinal conditions (borborygmus, flatulence, bloat-
ing, abdominal pain, stool frequency, and stool

consistency) were significantly less frequent in partici-
pants consuming milk with A2 b-casein.45 Results from

this study were not included in the current systematic

review because the study was published after the litera-

ture search was updated. This highlights the emerging
nature of this topic and the importance of updating this

systematic review in the near future.
The included RCTs reported only on intermediate

markers of various diseases and on gastrointestinal con-
ditions after the intake of A1 or A2 milk. Those results
were mostly inconclusive, mainly owing to a variety of

results that could not be pooled and to the many ongo-
ing trials with pending results. In addition, some studies

reported significant differences between A1 and A2 b-
casein intake when intermediate markers were assessed,

but the differences were not clinically relevant, eg, dif-
ferences in the Bristol stool scale, stool frequency, and

exercise-induced muscle damage. Only the ecological
studies assessed relevant outcomes and showed signifi-

cant correlations between exposure to A1 b-casein and
type 1 diabetes, cardiovascular disease, neurological dis-

ease, and multiple myeloma. Ecological studies usually
analyze the correlation between a risk factor (eg, dietary

exposure to A1 b-casein) and the presence of a disease
at the population level. This means that the unit of anal-

ysis is not an individual, but a group of participants.
Therefore, ecological studies must be interpreted with

caution, since they only allow a correlation between A1
b-casein exposure and an outcome to be described on a

population level; hence, no causal inferences can be
established on the basis of such results. Overall, most

interventional studies had a follow-up time of 12 weeks
or less and included a small number of participants,

leading to imprecise results. In addition, most outcomes
assessed were intermediate markers rather than relevant

outcomes. Another consideration when interpreting the
results of this review is that the included studies mea-

sured only short-term effects of the interventions.
According to GRADE, the certainty of the evidence was

rated as moderate for outcomes related to digestive
symptoms and as low to very low for all other outcomes

assessed.
Furthermore, it is important to mention that indus-

try funding was present in at least 12 included studies,

and therefore the possibility that economic interests
could have influenced the study results cannot be ex-

cluded. At least 5 published studies received financial
support from the A2 Milk Company Limited

(Auckland, New Zealand)9,10,32,35,41,42 and, with the ex-
ception of 1 study,32 the results of these studies favored

the interests of the funder.

Strength and weaknesses of the review

Included studies were extremely heterogeneous in terms
of study design, type of intervention, control group

characteristics (doses and time of intake or exposure),
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reported outcomes, and included population; therefore,

such data cannot be pooled. Additionally, poor report-
ing of the included studies often prevented a thorough

interpretation of the data. One of the challenges during
this systematic review was the assessment of all the dif-

ferent outcomes analyzed in the studies. Most interme-
diate markers (eg, gastrointestinal conditions and some
blood parameters, which normally show a short re-

sponse time) were analyzed in RCTs, while relevant out-
comes were investigated mostly in ecological studies.

The results have been separated by study design (and
therefore separated indirectly by type of outcome) to

present results as clearly and transparently as possible.
Considering that new studies comparing A1 and A2 b-

casein intake are currently under way and that new
results relevant to this systematic review will emerge in

the coming months, further systematic reviews focusing
on particular conditions (such as digestive symptoms)

could be performed individually.
The literature search for the current review also

identified a substantial number of studies that evaluated
casein against substances such as soy protein, other pro-

teins (eg, whey), or isoflavones. These studies provided
no information about the type of casein analyzed and

were therefore not included in the review.
Eight unpublished studies were identified in study

registries such as ClinicalTrials.gov, all of which were
RCTs that compared the effect of A1 milk vs A2 milk

on various outcomes, including gastrointestinal condi-
tions and intermediate markers of asthma and autism.

Approximately half of these studies have been com-
pleted, and, as previously mentioned, the publication of

further results in the near future is likely.
The systematic literature search for this review

identified 3 studies in the patent register. These studies
include data that has not undergone peer review. In

addition, a large number of animal and experimental
studies investigating A1 vs A2 b-casein interventions

were identified. Evidence mapping of these studies has
been performed, and publication of the results is
planned.

Other reviews

There have been previous initiatives to evaluate the

available evidence on the health implications of A1 and
A2 milk intake. B. Swinburn48 (on behalf of the New

Zealand Food Safety Authority) and the European Food
Safety Authority8 conducted systematic reviews investi-

gating different health effects of A1 and A2 b-casein in
2004 and 2009, respectively. More recently, Brooke-

Taylor et al47 conducted a systematic review of in vitro
and in vivo studies (all species) to examine the gastroin-

testinal effects of A1 compared with A2 b-casein. They

found that A2 b-casein had favorable gastrointestinal

effects in rodents and humans compare with A1 b-
casein.47 Chia et al48 also published a review highlight-

ing the theoretical evidence of A1 b-casein and its b-
casomorphin-7 derivative as a causal factor of type 1

diabetes.
The investigation of intake of A1 and A2 b-caseins

in milk is an emerging topic in nutrition. This system-

atic review was conducted to include new evidence in
humans across any health-related outcome. A number

of new studies that were not included in the systematic
reviews performed by Swinburn46 and the European

Food Safety Authority8 were identified, and many on-
going studies that will provide data for future updates

of this review were found. Similar to this systematic re-
view, both reviews concluded that the evidence was not

sufficient to reveal differences in health-related effects
between the 2 milk types.8,46

CONCLUSION

In this systematic review, evidence from clinical trials

and epidemiological studies conducted in humans and
published prior to October 2017 provides moderate cer-

tainty that A2 b-casein compared with A1 b-casein pro-
vides benefits to digestive health, but low or very low

certainty for other health benefits.
To more definitively evaluate further benefits and

potential harms of A1 milk, including more-rare adverse
health outcomes, high-quality RCTs that include more

participants, use sufficiently long intervention and
follow-up periods, and measure relevant outcomes are

needed. Such studies are essential to provide reliable in-
formation on the health implications of A1 and A2 milk

to both decision makers and the general public and to in-
form public health recommendations in the future.
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