The Role of Cow’s Milk Protein
In Children with

Chronic Functional Constipation

Elesa Terese Crowley
BHSc (N&D)

A thesis submitted for the degree of
Masters of Medical Science (Nutrition and Dietetics)

Submitted for examination December 2008



STATEMENT OF ORIGINALITY

This work contains no material which has been accepted for the award of any other
degree or diploma in any university or other tertiary institution and, to the best of
my knowledge and belief, contains no material previously published or written by
another person, except where due reference has been made in the text. | give
consent to this copy of my thesis, when deposited in the University Library, being
made available for loan and photocopying subject to provisions of the Copyright Act

1968.

Elesa Crowley



Acknowledgements

I would like to express my sincere thanks to:
My supervisors:

Dr Lauren Williams for her research expertise, patience, guidance and support. |
cannot thank her enough.

Professor Peter Jones for his advice and support particularly in the field of
paediatrics.

Associate Professor Tim Roberts for his guidance with the big picture of what my
research is setting out to do.

Associate Professor Hugh Dunstan for his advice in working out the finer details of
the experiments, data collection and laboratory tasks.

My research assistants:
Tony Rothkirch for his sharing his expertise, direction and patience in the lab.

Annette Murphy, Anne Segboer and Loretta Wetherall for assistance with participant
recruitment and data entry.

My colleagues:

Dr Libby Ellis for her advice in the development of the research protocol,
encouragement and positiveness throughout this research.

Michelle Paul, Paediatric Continence Nurse, Hunter New England Area Health
Service, for her assistance with participant recruitment and milk provision to
participants.

Dr Trish Davidson and Dr Rajendra Kumar, for assistance with participant
recruitment.

Narelle Eddington, Lynn Clarke and Beth Burton from Hunter Area Pathology
Services and Marion Mackintosh from New England Pathology for their assistance
with the collection, analysis and the transportation of samples.

The staff of the Children’s Ward and the Paediatric Clinic at Tamworth Rural
Referral Hospital for their assistance with participant recruitment.

The staff of the University Department of Rural Health, Northern NSW, for their
support and encouragement that | would see this project completed. In particular,
Colette McLaren for her invaluable assistance with Information Technology
throughout this research project.

The staff of the Dietetics Department from Tamworth Rural Referral Hospital,
particularly Deanne Harris, for approving relief from my clinical duties, for their
friendship, encouragement and support throughout this project.

Kim Colyvas and Dr Karin Fisher for assistance with statistical analysis.
My support team:

Friends and family (Maria, Peter, Linda, Shannon, Bev, Tony, Kamilla, Dave,
Deanne, Leanne, Jo, Lisa, Paula) for their patience, encouragement and support
and assistance with babysitting so that | could complete this thesis. | am also
especially grateful to: Dr Kym Rae and Deanne Harris for their encouragement,
advice and proofreading of my thesis.

Malcolm, Sophia and Harrison Crowley for their love and support throughout this
research and thesis production. | could not have done it without your patience.

Financial and skill development for this project was received from: The University
Department of Rural Health, Northern NSW; Primary Health Care Research and
Development Program; Sanitarium for the donation of soy milk for Trial 1; and
Fairbrae Milk for donation of the A2 milk.

Finally, a special thanks to the children and their families who participated in this
research study.



Data collection task assignment

Data collection task

Completed by

Introduction of the study to potential
participants

Collection of medical history

Collection of nutritional assessment

data

Laboratory analysis of blood samples
Laboratory analysis of faecal samples
Entry of data into computer data base
Analysis of nutritional assessments,
constipation diaries, blood test result,

faecal test reports

Paediatrician or paediatric continence
nurse

Paediatrician or paediatric continence
nurse

Dietitian researcher (EC) and
research assistant dietitian (3
participants only)

HAPS and New England pathology
HAPS and New England Pathology
Research assistant

Dietitian researcher (EC)




Table of contents

ACKNOWIBAGEIMENLS .....vvveiciiieiiiisisisis sttt bbb e e e s e ettt b b er e s e e e e s nnnan i
LISt OF APPENGICES ..ottt vii
Glossary of abbreviations used in this thESIS..........cccciiiiiii e Viii
Synopsis X
Chapter 1. Cow’s milk protein allergy and chronic functional constipation ...........c.cccevrvreerrsnnneeeenenn. 1
1.0 INEFOAUCTION ...ttt 1
11 AdVErse reactions t0 fOOUS .......cvierrerreriii e 2
1.2 Increasing prevalence of food allergy: the hygiene hypothesis ........ccccovrvriiicscieicinininien, 4
13 Food allergy and the immUNE SYSIEM ........ccveiiiiiiiiecccss s 5
14 SYMPEOMS ..ttt b bbb bbbkttt bbb 5
15 FOOUS @S ANLIJENS ....vvviiie ettt bbb rer b n e 6
1.6 Composition of breast milk and breast milk SUDSHLUES ..........cvvvverernrnrriceesss e, 7
1.7 The development of cow's milk protein allergy in Children ..o 9
1.8 Potential causes of cow’s milk allergy: AL and A2 Variants ..o 10
19 CoW'S Milk and CONSLIPALION. ......c.eeeureririreiieieieieirere et 14
1.10  Mechanisms of milk allergy causing CONSHPALON .........coovveverereiiiissceeee s 17
1.11  Biomarkers of constipation caused by cow’s milk allergy or intolerance.............cccocoeevvvnirenes 20
112 SUmMmMary Of Chapter L ... 22
Chapter 2: Systematic review 0f the IEIatUIE............cvicre s 24
2.0 ChapLer OQULIING ...ttt 24
2.1 Constipation and cow's Milk in the ItEratUre.........ccvvveeeesiieceee e 24
2.2 Previous reviews Of the IEIaUIe...........cvvrerieceess e 25
2.3 Method used for SYSEMALIC FTEVIEW .......cc.vvvevveeeieiereee et rereresens 26
24 RESUILS. ...ttt ettt 28
2.5 The lacono and Colleagues STULIES ..o s 29
2.6 Critiques of the lacono and Colleagues StUTIES ...........cocveriirceeee s 35
2.7 Other evidence Level 111-3 0F DEIOW ..o 37
2.8 DISCUSSION ...ttt s bbbttt bbbttt 38
2.9 PIOJECE AMS ..ttt 40
2.10  SUMMArY Of CRAPLET 2 ...vcviiiiiisices et 41
Chapter 3; MEthOUOIOGY .....c.cveviviricrcieieiesii ettt neas 42
3.0 CHAPLEE OULIING ...ttt 42
31 STUAY GESIGN vttt ettt b bbbttt e 42
3.2 OULCOME MEBASUIES ....vuvviereririisisisisi sttt bbb bbbttt sttt b bbbttt s b 44
3.3 Dietary INTEIVENTION...........cvcveeccciiie e 45
34 PAITICIDANTS ... 46
35 STUAY PIOCEAUIE ...ttt 46
3.6 ANAIYSIS Of BIOMAIKETS ......vcviviiiciciceesi s 51
3.7 Data MANAGEMENT ..ot 53
3.8 SEALISHCAI ANAIYSIS .....vvevcieririiiiriris e 54
3.9 SUMMArY Of ChAPLET 3 ... 55
Chapter 4. Effect of cow’s milk versus soy milk on chronic functional constipation: results of Trial 1....... 56
4.0 ChaPLEE QULINE 1.ttt 56
41 Participant characteristics at DASENNE ..........ccevririirrre e 57
4.2 Primary outcome measure: resolution of ConStipation............c.cccceeieieieirnnnnnsse e 60
4.3 BIOCNEIMISITY ... 65
4.4 o0 1o TSR 67
45 SUMMATY Of CRAPLET 4 ..o 70
Chapter 5. The effect of cow’s milk § casein A1 versus cow’s milk 3 casein A2 on chronic functional
constipation: reSUIES Of THAl 2.......ccvceeeeieiiiei e 71
5.0 CRAPLET OULIINE .. 71
5.1 Participant characteristics at DASElNe ............cccccviviiiiiii s 72



5.2 Primary outcome measure: resolution of CoNStipation............cccccceeeieiernnnnnnsse e 75
5.3 ot 7o TP 83
54 SUMMATY Of CRAPLEE 5 ...t 85
Chapter 6: Maternal experiences of applying a CMP free diet: a qualitative exploration.............c.ccccvvene. 87
6.0 CHAPLEE OULIING ..ottt 87
6.1 INtroduction and ratioNAIE .........c.cuevrireee e 87
6.2 1 0 o ST PPT 88
6.3 RESUILS.... ettt 90
6.4 DISCUSSION ...ttt bbb 99
6.5 SUMIMAIY .ttt bbb bbb £t E bbb bbbttt b bbbt 101
Chapter 7: Discussion and MILALONS ........cvcveveveeeiriinininniiese e sesesenes 102
7.0 CRAPLET OULIINE ..o 102
7.1 INEFOTUCTION ...ttt 102
7.2 Research Question 1: Can the results of the lacono study of children with CFC who
respond to the replacement of CMP with soy be replicated in the Australian setting? .......... 103
7.3 Research Question 2; What effect does the cow’s milk B casein Al and cow’s milk 3
casein A2 have on CFC in children who do not respond to traditional treatments?............... 104
7.4 Research Question 3: What are the immunological and biochemical mechanisms
underlying CFC that responds to the removal of CMP in children?.........cccccovvvvvvvvcvcniiinns 105
7.5 Research question four: What factors affect the feasibility of mothers administering a
CMP free diet to their ChIlArENT ..o 107
7.6 Study strengths and IMItALIONS...........covirriiire s 109
7.7 Conclusions: an enhanced understanding of CFC .........ccccoiiiniinsncieneininsn e 111
7.8 Recommendations fOr PraCliCe ..o 113
7.9 FUMNEI TESBAICI ...ttt 114
7.10  SUMMANY Of CRAPLET 7 ..vvieccccee s 115
References 116
Publications AriSing FrOm THIS TNESIS.........vcvivireieeiceenieis s sssees 124

Appendices

132



Index of Figures

Figure 1.1:
Figure 1.2:

Figure 1.3:
Figure 1.4:
Figure 1.5:

Figure 1.6:
Figure 2.1:
Figure 3.1
Figure 3.2:
Figure 3.3:
Figure 4.1:

Figure 4.2:

Figure 5.1:

The sensitisation process and allergic reaCtioN............cocvervrrerersssnneeeese e 9
An example of cows that produce commercially available milk which is

Predominantly AL ... s 11
An example of the traditional milking cow which produces predominantly A2 milk......... 11
Release of B-casomorphin-7 from AL B CASEIN ......o.ovveeeerirrreeeeeiee s 12

A model for the generation of opioid peptides, exorphins, from dietary proteins and
their subsequent effects on peripheral tissues, especially the nervous and immune

AT (=] 11 OO OO TEO TP OO PP 13
Signalling inter-relationships between the nervous and immune systems and how

exorphins would be expected to interfere profoundly ... 13
NHMRC Hierarchy of Evidence 1999 (90) ........ccovriirinieseesesseesieseis s 28
Study design for Trial 1, cow's milk § casein AL versus SOy MilK..........ccccoevenirereerennn, 43
Study design for Trial 2, cow's milk § casein Al versus cow's milk  casein A2............. 43
Flowchart of the procedure for Trial 1 and Trial 2. .......cccevveriviiriiiivsssss e 47

Nutritional Assessment of the diet history of 13 participants using the Australian
Guide to Healthy Eating and showing consumption of processed foods containing

cow's milk protein as an iNGrEIENT. ..........coverierieries e 59
Total number of bowel motions per fortnight during the soy condition versus the
COW'S MIIK CONTITION ... 63

Nutritional Assessment of the diet history of 39 participants using the Australian
Guide to Healthy Eating and showing consumption of processed foods containing
cow's milk protein as an iNGrEdIENT. ..........coveviiereeiese e 74



Index of Tables

Vi

Table 1.1;
Table 1.2:
Table 1.3;
Table 1.4:
Table 1.5;
Table 1.6;
Table 1.7:
Table 1.8;
Table 2.1:
Table 2.2
Table 4.1;
Table 4.2;

Table 4.3

Table 4.4;

Table 4.5;

Table 5.1;

Table 5.2

Table 5.3

Table 5.4;

Table 5.5;

Table 5.6:

Table 5.7:

Humoral and Cell Mediated Immunity COMPONENES........cceuiurrrrieeiererr e 3
Classification of allergic reaCtionS .........cccccvvieeeieei s 6
The composition of mature milk (/200MI) .........ccorivier s 8
Sources of § casein AL and  casein A2 MilK .........ccocvevrivviiieieeiiceeee e, 11
Normal frequency of DOWEl MOVEMENES .........cvrrririiceerrrree s 14
Organic Causes Of CONSHPALION ..........ceurrireireiieirieieires e 16
Tests to determine biochemical abnormalities occurring in constipation caused by

cow's milk protein allergy or iNtOEranCe. ...........couevvieieriesiee e 20
Human intestinal microflora (84) ..........covveerrrriieieeesrsree s 22
Summary of studies investigating the contribution of CMPA or CMPI to CFC. ............... 30
Results of intervention studies investigating the hypothesis that CMP has a role in

CFC N ChILATBN v 32
Characteristics, age, family history and clinical history of 13 participants recruited to

the cow’s milk versus SOy Milk STUTY ...........covieriincir e 58
Cases of resolution of constipation and mean number of bowel motions during a

2 week condition for 9 PartiCiPaNTS ..........ccevieriirese s 60

Number of stools per fortnight at baseline and on each of the study conditions and
symptoms of straining, abdominal pain/discomfort and bloating reported per week by

O PAILICIPANTS ...ttt 61
Differences in the number of bowel motions between the trial conditions, cow’s milk,
washout and SOy MilK, NZ8 ...t 62
Mixed model analysis of blood and serum measures on the trial conditions for N=11
PAITICIDANTS ... 66
Characteristics, age, family history and clinical history of 39 participants recruited to

the cow’s milk casein Al versus cow’s milk casein A2 StUAY ..........cccoveerrieniniennnnn. 73
Cases of resolution of constipation and mean bowel motions during a 2 week

condition for 25 PAICIPANS .........cceveiiiiiicieeee s 75

Number of stools per fortnight at baseline compared with each of the trial conditions

and symptoms of straining, abdominal pain/discomfort and bloating reported per week
by participants with condition order AL, washout, A2, N=11 .........ccccovrirrrnnrerecnnennn. 76
Number of stools per fortnight at baseline compared with each of the study conditions
and symptoms of straining, abdominal pain/discomfort and bloating reported by

participants with condition order A2, washout, AL, N=15.........ccccveviviviiininninsssnes 77
Clinical outcomes for participants who completed all 3 conditions: cow’s milk 3

casein Al condition compared with the cow’s milk § casein A2 condition, N=21............ 78
Percentage of participants with constipation resolved for the three conditions, cow’s

milk casein A1, washout condition and cow's milk casein AL, ......ccccevvveivivcinsiesieeie, 79

Results of mixed model analysis for the trial conditions and abnormal blood and
Serum for N= 33 PartiCIPANES .........cceeerireerrieeieie e 82



Vii

List of Appendices

Appendix 1:
Appendix 2:

Appendix 3a:
Appendix 3b:
Appendix 3c:
Appendix 3d:
Appendix 4a:
Appendix 4b:

Appendix 5:
Appendix 6:

Appendix 7a:
Appendix 7b:

Appendix 8:
Appendix 9:

Appendix 10:
Appendix 11:
Appendix 12:
Appendix 13:
Appendix 14:
Appendix 15:

Algorithm for the Management of Paediatric Constipation .............cccoceevvviererrnrnrirnnnnns 133
Hypothesis statements for blood factors analySed...........ccccvveeeeninnninieiesssnns 134
Ethics approval certificate 2003 ..........cccerrrrnrieeesss s 138
Ethics approval certificate New England Health...........cccccovviiicieniiiniiicicesees 139
Ethics approval certificate Hunter Area Research Ethics Committee ...........ccccceveenes 140
Ethics approval certificate for variation ... 141
Milk Free Shopping GUIGE. ..o 143
Ingredients to 100K for 0N PaCKAGING ......v.vvrerererririeeers s 149
Poster adVertiSing StUAY ..........ccciveiiieeeiesri s 150
Notices for DiviSion Of GP NEWSIELLET ..........ccvviriierrrsrrceee s 151
Information package for participants, NeWCaASHE........c.ccouovvrvrrccccinicieinrrrss s 152
Information package for participants, TamMWOrN ..........coccvvernieinnieeeens 158
Encopresis Evaluation Chart...........cccoiiinnsccscieieie s 164
Dietitian aSSESSMENT fOIM ..o 170
CONSHPALON IAIY ... 171
Questions for debriefing INLEIVIEW..........ccccviiiicccee s 172
Ethics approval for qualitative StUTY............ccrirrirre e 173
Revised consent form for qualitative INtEIVIEWS ........ccccvvvvivrivrrcceccceeeressses s 176
Letter to previous participants for qualitative Study ..........ccccevvreeieeeniinieieesees 177
Consent for delriefing INtEIVIEW. .........c.crrrieeeee s 178



viii

Glossary of abbreviations used in this thesis

AIS
ALT
ANOVA
AntiDNase B
AST
ASO
ASOT
B-casein
BCM7
CMP
CFC
CMPA
CMPI
Dx
(EC)
ELISA
ESR
FBC
GIT
GGT

hr

IgA
1gb

IgE

19G
IgM
invent

intol

Australian lllawara Shorthorn Cattle
Alkaline phosphatise

Analysis of Variance
Antideoxyribosenuclease B titre
Aspartate Amino Transferase
Antitreptolysin O

Antitreptolysin O titre

B-casein

Beta-casomorphin-7

Cow’s Milk Protein

Chronic Functional Constipation
Cow’s Milk Protein Allergy

Cow’s Milk Protein Intolerance
Diagnosis

Elesa Crowley

Enzyme linked immunosorbent assay
Estimated Sedimentation Rate

Full Blood Count

Gastrointestinal Tract

Serum Gamma Glutamyl Transpeptidase
hour

Immunoglobulin A

Immunoglobulin D

Immunoglobulin E

Immunoglobulin G

Immunoglobulin M

invention

intolerance



LFT
longtitud
M
NHMRC
Ob

%

PCR
+ve
RAST
RCC
RCT
SIDS
Thl
Th2
TNF-a
WBC
wk

WCC

Liver Function Test
Longtitudinal

Male

National Health and Medical Research Council
observation

percentage

Protein C reactive test

positive

radioallergosorbent tests

red cell count

Randomised Controlled Trial
Sudden Infant Death Syndrome
T helper 1 cells

T helper 2 cells

Tumor Necrosis Factor [alpha]
White Blood Cell

week

white cell count



Synopsis

The idea for this research came from a problem identified in my practices as a
clinical dietitian. My interest in cow’s milk B casein A2 was sparked after discussion
with Professor Tim Roberts, from The University of Newcastle, who described
previously cow’s milk allergic people who are able to tolerate the consumption of

cow’s milk B casein A2, without symptoms reoccurring.

The goal of this thesis is to report on research that explored the role of cow’s milk
protein in children with chronic functional constipation. The research consisted of a
systematic review of the literature, two clinical crossover trials, and a qualitative

exploration of the lived experience of following a milk-free diet.

Chapter 1 provides the introduction to both allergy and constipation, and the
relationship between the two. Causes of constipation can be organic or functional
(1). Organic causes of constipation occur in relation to a primary disease
classification such as endocrine or metabolic disorders, neurologic disorders,
anatomic malformation, collagen vascular disease and some drugs (for example,
opiates). Chronic functional constipation is defined as having one bowel motion
every three to 15 days (2) and is characterised by painful bowel movements or
strain in defecation, hard stools with increased diameter or pellets, and occurs with
or without soiling (3). This functional constipation is defined as chronic when it

persists for greater than two weeks (4).

Chapter 2 details the methods used in searching the literature for evidence for a
role of cow’s milk consumption in chronic functional constipation in children from
1980 to 2006. This was published as a systematic review. The literature
surrounding cow’s milk and constipation was found to be limited. None of the
studies previously conducted were population-based or structured to provide
evidence-based evaluation or treatment guidelines at either the general practitioner

or paediatric specialist level. The strongest evidence found was a double blind
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randomised control trial conducted by lacono and colleagues (3). The research
study by lacono and colleagues (3) provides evidence of an association between
cow’s milk and constipation. The following research questions were developed from

the systematic review:

1. Can the results of the lacono and colleagues study of children with chronic
functional constipation that respond to the replacement of cow’s milk protein

with soy be replicated in the Australian setting?

2. Does cow’s milk B casein Al cause constipation in children with chronic

functional constipation?

3. What are the immunological and biochemical mechanisms underlying chronic
functional constipation that respond to the removal of cow’s milk protein in

children?

4. What factors affect the feasibility of parents administering a cow’s milk

protein free diet to their children?

The four questions were addressed by two different dietary crossover trials and a

qualitative study.

Chapter 3 describes the participants recruited and the methods used for the
crossover trials investigating milk protein and paediatric chronic functional
constipation including details of the primary outcome measure (number of bowel
motions during a two-week trial period) and secondary outcome measures

(biochemical, immunological and faecal analysis).

Chapter 4 describes the results of Trial 1, which replicated the lacono and
colleagues study in the Australian setting, investigating the effects of soy and cow’s
milk B-casein Al in children with chronic functional constipation. One hundred

percent of participants experienced resolution of their constipation during the soy
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milk condition compared with 68% experiencing resolution during the soy milk
condition in the lacono and colleagues study (n=65). Thirteen participants were
recruited to Trial 1. Nine participants returned constipation diaries for the study
period. The mean (SD) number of stools for each of the conditions was: baseline,
5.1 (1.4); cow’s milk 9.9 (4.4); washout 13.0 (5.2); and soy milk 15.1 (5.0). The
differences between the three dietary conditions were statistically significant,
p=0.03. The results confirmed the hypothesis that children in the Australian setting
with chronic functional constipation unresponsive to the usual treatments, respond

to the removal of cow’s milk protein from the diet.

Chapter 5 describes the results of Trial 2, the double blind crossover trial comparing
the effects of cow’s milk B-casein A1 and cow’s milk B-casein A2 in children with
chronic functional constipation. Thirty-nine participants were recruited to Trial 2 and
26 participants returned constipation diaries for the trial period. Unlike the soy
result, the cow’s milk B casein A2 did not give 100% resolution of constipation, in
fact, the percentage resolution was almost identical to the cow’s milk B casein Al
result. The fact that some children responded during the cow’s milk casein Al
condition in both trials could be caused by a threshold effect, given it was likely that
participants were consuming less cow’s milk protein during the trial (400 mL with
elimination of all other sources of cow’s milk protein) than on their pre-trial diet.
Resolution with both the cow’s milk B casein A1l and cow’s milk B casein A2
conditions suggests that these children are able to tolerate some cow’s milk protein
before the symptom of constipation occurs. This could be a food intolerance type
reaction or there is some other component in cow’s milk that is causing the problem

in these children.

Chapter 6 describes a qualitative study of the feasibility for mothers to administer a
cow’s milk protein free diet to their children. The experiences of mothers following a
cow’s milk protein free diet to assist in the management of chronic functional

constipation in children were reported. A number of themes were identified that are
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useful to health professionals educating families. Mothers found the removal of
cow’s milk protein from the diets of their children challenging but persevered due to
the potential benefit to their children. Many mothers planned to continue post study
with a modified approach to the cow’s milk protein free diet by allowing some cow’s
milk protein in the diet to make the diet more acceptable to the family but not as
much as the pre-trial diet. These experiences provide health professionals with
valuable insights and ideas to assist their patients to manage a cow’s milk protein

free diet.

Chapter 7 discusses all aspects of the research including any limitations. The results
of Trial 1 confirmed the hypothesis that children in the Australian settling with
chronic functional constipation unresponsive to the usual treatments respond to the
removal of cow’s milk protein from the diet. Therefore, cow’s milk protein is
involved in the aetiology of constipation in these children. All the study participants
demonstrated an absence or low level of normal gut flora, which may affect bowel
regularity. Further research into species present and absent may provide further

explanations to the lack of bowel regularity in these children.

The immunological and biochemical mechanisms underlying chronic functional
constipation that respond to the removal of cow’s milk protein requires further
investigation. Although the number of statistically significant variables between the
conditions was low, there was a high degree of abnormality. Further investigations
are needed, including research into food intolerance reactions that affect the nerve
endings in the bowel. The results in Trial 1 and Trial 2 are suggestive of an
involvement of blood factors including platelets and monocytes. Other children may
have a chronic Streptococcus A infection which may be contributing to constipation
as well as to liver function abnormalities. Liver function abnormalities were

observed for some participants in both trials, independent of milk condition.
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The extent to which the research questions have been answered is evaluated in
Chapter 7, which includes the conclusions and recommendations of this research. In

brief, the findings were:

e Children with chronic functional constipation that is unresponsive to the
traditional treatments should trial a cow’s milk protein free diet for at least two
weeks to determine whether this may resolve the constipation. During this
period, the numbers and form of bowel motions should be recorded and results
compared to a one week record collected prior to commencing the cow’s milk

protein free diet.

e Due to the complicated nature of a cow’s milk protein free diet, especially the
number of processed foods which contain hidden cow’s milk protein,
consultation with a dietitian is essential for implementation of this diet. The
dietitian should consider educating the patient’s family, both parents and
siblings, to ensure the best outcome in terms of acceptance and compliance of

the diet, and provide adequate resources.

e If this dietary modification is successful for the child and alleviates constipation,
consultation with a dietitian is recommended to determine the amount tolerated
and nutritional adequacy of the diet. Soy milk is recommended as a substitute
for cow’s milk and a probiotic needs to be prescribed to assist with the

normalisation of gut flora.

e Education of health professionals such as general practitioners, paediatricians,
and paediatric continence nurses, regarding a cow’s milk protein free diet for
chronic functional constipation, is essential to support the child and his/her
family and integral to the success of this strategy. The findings of this research

will be published in the scientific literature and as conference presentations.

It is hoped that these findings will assist in the management of children with

chronic functional constipation unresponsive to the traditional treatments.



Chapter 1: Cow’s milk protein allergy and chronic
functional constipation

1.0 Introduction

There is an increasing prevalence of food allergy and food intolerances among
children. These increases might be related to altered patterns of exposure in early
life, where infants were exposed to a much wider range of allergens in infancy (5).
Food allergy or food hypersensitivity is defined as, “an IgE-mediated reaction that
occurs when the immune system reacts to a normally harmless food protein that
the body has erroneously defined identified as harmful” (6) p. 769. These IgE
mediated reactions are reproducible through a ‘cause and effect’ relationship (7).
Cow’s milk can cause an IgE mediated food allergy response in some people or a
food intolerance reaction known as cow’s milk intolerance (CMI) in other susceptible
individuals (8). Food intolerances are defined as, “an adverse reaction to food
caused by idiosyncratic, or non-IgE mediated (IgE) reactions to food or chemical
substances in the food,” (6) p769. Adverse food reactions are a broad term used by
Mahan and colleagues to describe any undesirable food reaction regardless of
mechanism, encompassing food allergy or food sensitivity and food intolerances
(6), and the term is used in the same context in this thesis. Adverse reactions to
food can result in symptoms in various systems throughout the body such as the
gastrointestinal tract, skin, respiratory and cardiovascular systems. Gastrointestinal
tract symptoms of adverse reactions to food were the primary focus of this thesis

and will be discussed in the next chapter.

Adverse reactions to foods have been recognised since the time of Hippocrates
(460-370 BCE) and some time later by Galen (131-210 CE). In 1839, Magendie
found that repeated injections of the egg albumen in rabbits were lethal. Despite
these early investigations, the majority of food-induced diseases were not

systematically investigated until the 20" century (8). In 1906, Van Pirquet of



Vienna introduced the term allergy to describe “a deviation from the normal state
or normal behaviour of the individual,” (5). In the 1920’s, the antibodies for
immediate type hypersensitivity reactions in humans were discovered (8). Over the
next thirty years, increasing numbers of cases were described and the range of
clinical abnormalities expanded to include reactions that were slower in onset and
involved the gastrointestinal tract, skin or respiratory system (8). Before oral
challenges and appropriate methods of investigation had been developed, diagnosis
was often based on the clinical history and improvement after elimination of the
suspected allergen (8). This thesis investigates cow’s milk as a potential stimulator
of allergy/sensitivity and aims to investigate whether a causal relationship exists
between the dietary intake of cow’s milk protein (CMP) and chronic functional

constipation (CFC) in children.

1.1 Adverse reactions to foods

Distinct immunological differences can be observed between food allergies and food
intolerances. Food allergies occur when the immune system reacts to an allergen,
usually a protein, present in food (9). Food allergies can be classified as either

humoral (IgE mediated) or cell mediated response (8) (See Table 1.1). An IgE-

mediated or humoral immune response is the most common allergic response
usually occurring instantly or within two hours of exposure and is reproducible
through a cause and effect relationship (7). Severity of the reaction can vary from

mild to life threatening.



Table 1.1: Humoral and Cell Mediated Immunity Components
Type of Immunity Origin Function
Humoral Immunity
B lymphocytes Bone marrow Produce: IgA, IgD, IgE, IgG, IgM. These antibodies protect

against bacteria and viruses.
Cell Mediated Immunity

T Lymphocyte Cells Thymus Recognise antigens, stimulate T cell growth and produce
lymphokines, cytokines.

Help regulate B cells.
Cause direct cellular damage to target cells.

Thl and Th2 Thymus Resistance of viruses, fungi, tumour cells and other foreign
cells.

Thl-like cells linked to lymphokine profiles stimulate cell
mediated immunity and suppress IgE antibody formation.

Th2 is linked with IgE formation, eosinophils and macrophages
resulting in atopic disease.

Macrophages Monocytes in Involved in the recognition, clearance and presentation of
the blood antigens.
Engulf and destroy antigens through the process of
phagocytosis.

Adapted from: Food Allergy and Intolerance, (8); Allergy and Immunology Secrets (9).

In the cell mediated response, B lymphocytes, known as B cells, produce antigen-
specific antibodies in response to the antigen presented, such as viruses and
mycobacteria and foreign cells (8). After effective elimination of antigens, the cell
mediated response remains primed and able to respond promptly to reoccurrence
of the antigen (8). The humoral and cell mediated responses do not occur in

isolation and are mutually dependent (8).

Food intolerances are usually triggered by other components in food, usually non-
proteins such as food chemicals, and do not involve the immune reactions
described for food allergies (8). Food intolerances cause reactions by irritating
nerve endings in some parts of the body (10). Examples include cow’s milk
intolerance, lactose intolerance and idiosyncratic reactions such as sulphite induced

asthma (11).



1.2 Increasing prevalence of food allergy: the hygiene

hypothesis

In this investigation of CMP as a potential cause of CFC, the increasing prevalence
of food sensitivity amongst children needs to be examined. It has been
hypothesised that improved hygiene has led to an increase in allergic diseases such
as asthma, a proposal known as the ‘hygiene hypothesis’ (12). This hypothesis was
originally proposed by Strachan in 1989. He suggests that cleaner environmental
conditions result in the increased prevalence of allergy including asthma in Western
countries in comparison to developing countries (13). In Western society it is
common practice to ‘protect’ children from bacteria and microorganisms through
indoor isolation and the overuse of antibacterial soaps. A lack of early immune
challenge for the post-natal immune system by microbial or parasitic infection may
increase the risk for allergy and atopy (14). Determinants such as early exposure to
cats (15), growing up in a rural environment (16), larger family size (17) day care
attendance (18) and birth order (19); were associated with low levels of allergies

and asthma.

The hygiene hypothesis is not without criticism. Changes in prevalence of atopic
disorders may have more complex aetiologies than the simplistic theory based on
hygiene practices (20-22). Bloomfield and colleagues (21) found that the increase
in allergic disorders does not correlate with the decrease in infection with
pathogenic organisms nor can it be explained by improved hygiene practices (21).
There is evidence that lifestyle changes have led to decreased exposure to microbial
or other species that are essential for the development of immunoregulatory

mechanisms (21).



1.3 Food allergy and the immune system

The immune system exists to clear the body of foreign substances or potential
antigens such as viruses, bacteria, blood cells and tissue cells. During the process
of absorbing food, the intestine comes in contact with a wide variety of antigens
derived from food, wusually food proteins, resident bacteria and invading
microorganisms. The intestine usually acts as an effective barrier preventing
antigen-entry into the body. However, mechanisms exist that allow antigens to
penetrate the mucosal immune system and enter the circulation. Under normal
circumstances, these antigens interact with cells of the immune system and are

cleared from the body without any adverse reaction (23).

When the immune system reacts to an antigen, this is referred to as an allergic
response. This allergic response may be caused by a deficiency of secretory IgA,
infection, enzyme deficiency, increased gut permeability or altered gut ecology (9).
Immune reactions are classified into four types: types 1, IlI, 11l (antibody y

dependant) and IV (T cell dependant) (23) (See Table 1.2). The most common type

of reaction is Type |, immediate sensitivity, which involves IgE. Type Il food
reactions have not been demonstrated. Type Ill or Non-lgE-mediated immunologic
reactions to food involve circulating food-specific antibodies, IgA, IgG and IgM, and
commonly occur (6, 8, 9). Type IV delayed or cell mediated immunity recognises
antigens, which then stimulate T cell growth. Type IV reactions are possibly
involved in coeliac disease, protein losing enteropathies, eosinophilic gastroenteritis

and inflammatory bowel disorders such as ulcerative colitis (6, 23).

1.4 Symptoms

Food allergy can cause a wide range of symptoms in the skin, respiratory system,
cardiovascular and gastrointestinal tract (GIT), with skin and GIT the most

commonly affected systems (24). Symptoms vary according to the type of immune



Table 1.2: Classification of allergic reactions

Reaction/ Mechanism Symptoms Time Examples
Classification
Type I* The allergen binds with Hayfever, Within Laryngeal oedema, nausea,
Immediate sensitised IgE antibodies on anaphylaxis, seconds  vomiting, severe abdominal
hypersensitivity, mast_cells (;peciglized granular atopic dermatitis, orupto2 paiq, bloating, diarrhoea,
anaphylactic cells in the intestines, skinand ~ asthma. h. angiodema, eczema, erythema,
IgE mediated, ~ 'éSpiratory tract) or basophils itching, hoarseness, wheezing,
or reaginic (similar cells in blood). cough, chest tightness,
reaction Mediators are released hypotension, bronchospasm

(histamine, eosinophilic and shock.

chemotactic factor, bradykinin

etc.). IgG can also have type of

reaction.
Type ll IgG antibody reacts with the cell Results from transfusion of
Cytotoxic membrane or an antigen incompatible blood types. No

associated with cell membrane. food reactions have been

demonstrated.

Type lII* Antigen and Antibodies (IgG 6hor Milk precipitants have been
Antigen- and IgM) form a complex called moreto  found in the lungs of some
antibody a “precipitating antibody.” appear. children with chronic respiratory
complex Complement is also activated in infection and GIT of those with

some cases. gastroenteropathy.
Type IV* T cells interact directly with Mechanism of graft rejection.
Delayed or cell ~ antigen. Possibly involved in some food
mediated allergies eg coeliac disease
hypersensitivity and protein losing

enteropathies.

* = Food related reactions

1.5 Foods as Antigens

Adapted from: Food Allergy and Intolerance (8).

Any foods that contain residues of protein can trigger an allergic sensitisation (as

shown in Figure 1.1). Although over 160 foods have been identified as causing IgE

mediated food allergies (26), the majority are caused by cow’s milk, wheat, eggs,

soyabeans, peanuts, tree nuts (almond, hazel, walnut) fish and shellfish (27). The



Cow’s milk allergy has been referred to as the ‘most studied and commonest food
allergy,” (8) however, the exact immunopathogenesis remains unclear (8, 23).
There is some evidence that all four types of allergic reactions can occur in reaction
to cow’s milk protein. Type | reactions often occur when there is a family history or
personal history of atopy (29). Elevated IgE specific for cow’s milk protein and
positive skin testing occur in these susceptible people (29). Type Il reactions are
rare but may be responsible for the occasional thrombocytopenia seen in cow’s milk
intolerance (30). Type Il reactions, that is, immune complexes of IgA, IgG and IgM
with cow’s milk proteins, such as ( lactalbumin, have been shown to be present in
allergic patients after ingesting milk (10). Type IV reactions have been
demonstrated in vitro with milk-induced lymphoblast transformation (31) and

reduced neutrophil chemotaxis (32).

1.6 Composition of breast milk and breast milk substitutes

Mammals provide milk by lactation for their infants. Milk is composed of
carbohydrates, proteins, fat, water, water soluble vitamins (the B complex
vitamins), fat soluble vitamins (A, D, E and K) calcium and phosphorus and other
minerals (33). The only digestible carbohydrate in milk, lactose, produces
intolerance symptoms in people with a lactase deficiency. Lactase, an intestinal
brush border enzyme is required to cleave lactose to its constituents, galactose and
glucose. The production of lactase declines in all mammals after weaning (23). A

comparison between cow’s milk and human milk is shown in Table 1.3.

The protein component varies due to the different growth rates and body

composition of humans and cows (see Table 1.3). When it is not feasible to provide

maternal milk to human babies, cow’s milk is usually used as a substitute. Cow’s



e proteins in breast and cow’s milk are not distinguished by

different names (5).

Table 1.3: The composition of mature milk (g/100ml)
Cow’s Milk Human Milk

Energy (kcal) 62.4 75.0
Total protein 35 1.1

Casein 2.8 04

Proteins in lactoserum 0.6-0.8 0.7

(whey protein)

B-Lactoglobulin 0.37

o- Lactoglobulin 0.18 0.35

Immunoglobulins, total 0.05 0.1-0.15

Other proteins 0.13 0.1
Fat 3.4 45
Carbohydrate 4.7 7.0
Calcium 121.1 34.0
Phosphorus 94.8 14.0
Sodium 49.9 16.1
Potassium 153.8 57.0
Iron Trace 0.02

Source: Adapted from Diseases of the Small Intestine in Children (5)
It was once thought that B-lactoglobulin, the predominant whey protein in cow’s
milk, was responsible for cow’s milk allergy especially since it is not present in

human milk (34, 35). It is now known that other proteins may act as allergens (5).

Soybean milk has also been used as a substitute for breast milk, from as early as
82BC in eastern countries (36). In the Western world, Ruhrah first described soy as
a suitable substitute for cow’s milk for infants in 1909 (37). However, it was not
until 1929 that Hill and Stuart recommended that soybean be prepared to resemble
milk and mass production of soy formula occurred (38) making it a feasible
substitute for infants who could not tolerate cow’s milk formulae (38). However,
30% of these children are also sensitive to soy and require a specialised hydrolysed

formula (39). During the 20" Century, soy formulas progressed through a process



of improvement to ensure an adequate nutritional profile for the growth and

development of infants with cow’s milk protein allergy and intolerance (36).

1.7 The development of cow’s milk protein allergy in children

Shannon (40) provided evidence that breast milk contains traces of the foods
consumed by the mother (40). These traces are generally absorbed without harm
except to the hypersensitive baby (41, 42). Symptoms of CMP allergy first develop
in 10% of hypersensitive babies in the first week of life (8) and in 30% within the
first month of life. This early development suggests that the baby may have been
sensitised to CMP in utero (8, 28). Once sensitisation has occurred, the introduction
of formula or cow’s milk containing food may trigger an IgE mediated reaction (see

Figure 1.1).

Specific Food Protein

Specific food
protein antigens

Antigen-presenting

Release of histamine
Leukotrienes, cytokines,
chemokines

HUMAN BODY

cell

1,4}\ Localised Reaction | Systemic Reactions Class 1
High_am;“y R Itching Airway obs truction o
Receptor for IgE S welllng Hives

Nausea Decreased blood Lye'l’:ef
V omiting pressure o T cell
Cramps Arrhythmia o
Diarrhea % o
o oolmeneukin release
(2 [e]
[} o

Afood protein
specific IgE

« Sensitisation

Allergic reaction

Plasmacell

Adapted from: Krause’s Food, Nutrition and Diet Therapy (6); Food Allergy and Intolerance (8).

Figure 1.1:

The sensitisation process and allergic reaction

Cow’s milk protein allergy has a remission rate of approximately 45 to 50% at 1

year, 60 to 75% at 2 years and 85 to 90% at three years. Up to 50% of cow’s milk
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protein allergic infants will develop associated adverse reactions to other foods and

50 to 80% will develop reactions against inhalants before puberty (28).

Intolerance reactions to cow’s milk can also occur. While they do not result in an

allergic type reaction, they do cause similar symptoms (28).

Prevalence

The prevalence of food allergy in the general Australian population has not been
studied and as a result needs to be estimated from selected populations. Hill and
colleagues (43) explored the development of food allergy in a cohort of 620
Australian infants at high risk for the development of atopic disease through the
antenatal clinic at Mercy Maternity Hospital in Melbourne (43). They estimated the
prevalence of cow’s milk allergy at age two at 2.0% (43). The prevalence of cow’s
milk allergy in the Australian population is similar to estimated results from a
prospective study in Sweden by Jacobsson, 1.9%, and in Denmark by Host, 2.2%

(44) and Host, between 2 to 3% (28).

1.8 Potential causes of cow’s milk allergy: A1 and A2 variants

This thesis investigated the possible allergens present in cow’s milk. One hypothesis

is that the B casein A1 moiety might mediate cow’s milk protein allergy.

The ancestors of modern dairy cows originated in the Middle East and Asia some
thousands of years ago, eventually domesticated and introduced to Europe (45).
The milk producing cows used today are descendants from European breeds, where
cross-breeding occurred to suit the various environments (45). The first dairy cattle
were bought into Australia by the First Fleet from Britain (46). Between 5000 and
1000 years ago, when cattle were imported into Europe a mutation occurred
resulting in a change in B-casein (45). Approximately 80% of total protein in cow’s
milk, is casein, and 30 to 35% of this is in the form of B-casein (45). B-casein

consists of a chain of 209 amino acids (45). There are a number of genetically
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determined variants of B-casein, the most common being A1 and A2 (45). The

predominant type of B-casein varies between mammals as shown in Figure 1.2, 1.3

and Table 1.4.
Figure 1.2: An example of cows that Figure 1.3: An example of the
produce commercially available milk traditional milking cow which produces
which is predominantly Al predominantly A2 milk
Table 1.4: Sources of B casein Al and B casein A2 milk
Milk predominantly casein Al Milk predominantly casein A2
Bos taurus cattle Bos indicus cattle milk
AIS Sheep'’s milk
Freisian Yak’s milk
Holstein Goats milk

African breeds eg Zebu
Asian breeds
Guernsey

Jersey

Human milk

Source: Adapted from The devil in the milk (45)
B casein Al and B casein A2 differ in structure (45). It is thought that A2 was the
original B casein present in cow’s milk and that B casein Al was formed as a result
of an adenine-cystosine substitution mutation, on the sixth chromosome (45). B-
casein A2 has a proline at position 67 rather than a histidine (47, 48). The bonds
linking proline to adjacent amino acids are cyclic in structure making them very
difficult for many human digestive enzymes to use this peptide as a substrate (45).
The B casein Al histidine allows an enzymatic cleavage to occur releasing a peptide
of a string of seven amino acids called ‘B casomorphin 7’ (BCM7) as shown in Figure

1.4 (45, 49).
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Position 67
(proline provides
strong bond)

| A2 beta-casein }—Q@@Q
| A2 beta-casein }—Q @ @EO

Position 67
(histidine provides
weak bond)

beta-casomorphin-7
(BCMT)

Source: Reproduced with permission from Craig Potton Publishing, from Devil in the milk (45)

Figure 1.4: Release of B-casomorphin-7 from Al B casein

Proposed mechanism of absorption of intact peptides

Enhanced permeability of the small intestine can occur in some situations of illness
or stress and promotes the absorption of intact peptides. This condition is referred
to as a leaky gut or increased intestinal permeability (8). Intact peptides can cross
the gastrointestinal barrier by at least three mechanisms, (1) a transcellular route
involving diffusion across the brush border membrane, (2) a transcellular route
involving carrier mediated transport, or (3) a paracellular route through the ‘tight
junctions’ which are under physiological control (8). It is possible that peptides
released during digestion could stimulate the opening of the paracellular pathway
across the intestinal epithelium and allow exorphins to pass through the

gastrointestinal barrier (8).

Peptides can be exorphins, that is, have opioid and anti-opioid activity (8). This
term was first coined by Zioudrou and colleagues in 1979 when they found that
digestion of wheat gluten or a-casein with pepsin in vitro could result in peptides

with opiate-like activities (50). Intact peptides, including exorphins, can be
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Figure 1.5: A model for the Figure 1.6: Signalling inter-
generation of opioid peptides, relationships between the nervous and
exorphins, from dietary proteins and immune systems and how exorphins
their subsequent effects on peripheral would be expected to interfere
tissues, especially the nervous and profoundly
immune systems. Reproduced from: Allergy and Intolerance (8) p473.

Reproduced from: Allergy and Intolerance (8) p466.
In some susceptible people, the exorphins with opioid properties, such as BCM7,
can ‘leak’ from the gastrointestinal tract into the blood stream (45). This is most
likely to be by the paracellular mechanism. BCM7 can be identified in the urine of
these people (45). BCM7 has also been shown to affect gut transit time without
being absorbed into the bloodstream. Becker and colleagues (51) and Delfilipi and
colleagues (52) have shown that opioids, including BCM7, can reduce gut transit
time. Casein is a known treatment of diarrhoea (45, 51, 52). Codeine, an opioid,
has the common side effect of constipation (45). BCM7 has been shown to

compromise immune responses (53). These effects are potentially responsible for
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symptoms such as constipation in some individuals (45). Woodford (45) suggests
that the opioid BCM7 in cow’s milk based formula slows down the excretion of
waste products from the body. This could give the lactose more time to ferment
and cause the intolerance symptoms (45). This may explain why babies fed cow’s
milk based formula rather than breast milk are susceptible to constipation and, in

some severe cases, anal fissures (54).

1.9 Cow’s Milk and Constipation

Normal Bowel habits and constipation

Regular bowel motions are considered to be a sign of good health. In the first year
of life, parents are particularly observant of the frequency and characteristics of
their child’s defecation. Motions or habits considered to be unusual result in a visit

to the doctor or child and family health nurse (4). Table 1.5 defines the normal

frequency of bowel motions for children (4). During the first week of life infants
have a mean of four stools per day (4), there is high variability in normal and
breastfed infants may not pass stools for several days or pass 2-4 stools per day
(55) decreasing to an average of 1.7 stools per day by two years and 1.2 stools per

day by four years (55).

Table 1.5: Normal frequency of bowel movements

Age Bowel movements per week? Bowel movements per dayb
0-3 months

Breast fed 5-40 2.9

Formula fed 5-28 2.0
6-12 months 5-28 18
1-3 years 4-21 14
More than 3 years 3-14 1.0

2 Approximately mean + SD
®Mean

Source: Fontana M., Bianch C., Cataldo, F. et.al .(55).
The role of the colon is to reabsorb fluid and electrolytes and to store faecal
material. Defecation of the stool is then controlled by the pelvic complex, two

overlapping muscles sphincters that form a funnel like structure surrounding the
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anus (56). The urge to defecate occurs when the stool reaches the external anal
sphincter. The Valsalva Manoeuvre, used during defecation, increases intra-
abdominal pressure, the external anal sphincter relaxes and the stool is evacuated
from the rectum (56). If defecation cannot occur or is painful, the external
sphincter and the gluteal muscles can tighten and push the faecal mass back into
the rectal vault and the urge to defecate subsides until the rectum is distended
again (56). Withholding stool repetitively leads to the stretching of the rectum and
lower colon, a reduction of muscle tone and retention of stool, more water

reabsorption and a larger, harder stool that can become impacted (56)

Constipation is described as a delay or difficulty in defecation that has been present
for more than two weeks (2). Causes of constipation can be organic, non-organic or
functional, with the most common cause of constipation after the neonatal period

being functional (4). Organic causes of constipation are listed in Table 1.6.

Functional constipation usually begins after the neonatal period. Non-organic
causes of constipation include: coercive toilet training; school bathroom avoidance;
fear of toilet; sexual abuse; and attention deficit disorder (2). Functional
constipation, also known as idiopathic constipation or faecal withholding, is
diagnosed on the basis of a clinical history and physical examination (2) and is
characterised by painful bowel movements or strain in defecation, hard stools with
increased diameter or pellets and can occur with or without soiling (3). Some
constipated children develop encopresis. Encopresis is described as the involuntary
passing of stool which has leaked from a rectum that has been distended by stool
(56). A decreased sensitivity to distension can occur and often a child will not be

aware of soiling until it is almost complete.

Chronic functional constipation (CFC) is a common problem in children in the
Western world. Chronic functional constipation can be defined as having one bowel
motion every three to 15 days (2) and is defined as chronic when it persists for

greater than two weeks (4). It has been estimated that the frequency is as high as
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36% percent of children who attend a consultation with a paediatrician (57),
approximately 5% of all outpatient visits by children to general practitioners and
20% to 25% of referrals to paediatric gastroenterologists (56). Encopresis is three
to six more times common in boys than in girls and usually presents between 3 and
7 years (56). A number of researchers have described children who do not respond
to usual treatments for constipation, that is, medications, a high fibre diet, fluid and
behavioural therapy. This suggests that the exact aetiology is unclear in some
cases (3). This lack of effective and sustainable treatment poses a problem for
health care practitioners including general practitioners, dietitians and early

childhood nurses.

Table 1.6: Organic Causes of Constipation
Disease Classification Disease entities
Endocrine/metabolic Hypothyroidism
Hypercalcaemia
Hypokalemia
Cystic fibrosis

Diabetes mellitus
Gluten enteropathy

Neurologic Congenital aganglionic megacolon
(Hirschsprungs disease)
Myelomeningocele/spinal cord abnormalities
Botulism

Anatomic malformations Imperforate anus/anal stenosis
Anterior ectopic anus
Pelvic mass

Collagen vascular disease  Scleroderma
Lupus
Dermatomyositis

Drugs Opiates
Phenobarbital
Tricyclic antidepressants
Antacids
Antihypertensives
Anticholinergics

Other Lead poisoning

Reproduced from: Osborn, L. M., DeWitt, T.G., First,L.R., Zenel,J.A. (Ed.)(56)

A medical history, physical examination, radiology and laboratory tests, allow the

primary health care provider to differentiate between functional constipation and
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organic causes of constipation (2, 56). An algorithm for the management of
children older than one year of age has been developed by the North American
Society for Pediatric Gastroenterology, Hepatology and Nutrition. This algorithm is

shown in Appendix 1.

The usual treatment regime is based on the premise that a low intake of dietary
fibore and fluid, lack of exercise or behavioural/psychological problems cause CFC
(1) and involves disimpaction, maintenance (laxatives, dietary change and
behaviour modification) and weaning medications. Dietary recommendations during
the maintenance phase include the increased intake of fibre and fluids. Parents
should be educated regarding high fibre food sources and naturally occurring
sorbitol, found in prunes, pear and apple juices, which result in increased bowel
frequency and water content of stools (58, 59). The diet should include

wholegrains, fruit and vegetables (4).

The recommendations of the North American Society for Paediatric
Gastroenterology, Hepatology and Nutrition (2006) are that when the
abovementioned therapies fail, consideration may be given to a time-limited trial of

a cow’s milk free diet (4).

1.10 Mechanisms of milk allergy causing constipation

There are a number of possible mechanisms that may be causing constipation in
children unresponsive to usual treatments. These include: an immune response; a

motility disorder; eosinophils; and mucus as outlined below.

An Immune response

The complexity of the immunological reactions surrounding milk allergy and
constipation make an explanation of dismotility symptoms, that is, slowing of the
bowel movement, difficult (60). Researchers have found that as well as IgE

mediated reactions or T-cell mediated reactions, non-lgE mediated or T-cell-
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mediated allergic gastrointestinal disorders also exist. Perianal inflammation from
milk protein allergy can sometimes initiate the painful stimuli (2). This begins a
cycle of events when the child voluntarily prevents the defecation of stools as
described above, resulting in a harder, larger stool, causing pain when eventually

passed and thus the cycle continues (56).

Neuromuscular motility disorder

Peristalsis is the term used to describe the co-ordinated rhythmic serial contraction
of smooth muscles that force food through the gastrointestinal tract (61). There is a
close relationship between the nerves supplying the gut and the immune system
(62). Neuromuscular secretary function could be altered during an immune
response to food protein. Collins and colleagues (62) found that a physical
apposition of mast cells to neurons can occur and that immune mediators, such as
histamine and serotonin and some interleukins, can function as neurotransmitters
(62, 63). They proposed that an immune response to a food protein source such as
cow’s milk can cause changes in neuromuscular function by affecting nerves in the
gut, causing a delay in colonic transit time (62-64). They argued for further
research on the immune mechanisms occurring with chronic functional constipation

is required.

Other researchers, Shah and colleagues (65) found that anal spasm rather than
colonic dismotility was the mechanism of constipation related to cow’s milk protein
allergy (CMPA). lacono and colleagues (66) report histological findings (intra-
epithelial lymphocytes and lamina propria infiltration by eosinophils) corresponding

to rectal inflammation.

Eosinophils

Eosinophils are granulocytes derived from the bone-marrow, involved in both

allergic and non-allergic inflammation. In normal conditions, eosinophils reside in
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the lamina propria in the stomach and the intestine (25). There is some evidence
that eosinophils, recruited by the chemokine eotaxin, are involved in dismotility in
allergic diseases and other inflammatory conditions. Their actions are mediated
through the release of potent granule constituents, such as histamine that result in
inflammation (67). Examination of tissue using an electron microscopy has shown
that eosinophils have also been found in the areas surrounding damaged axons.

This suggests that eosinophils mediate a pathological response (68).

Scallion and Cadranel (25) hypothesised that similarities occur between
eosinophillic oesophagitis associated with eosinophillic infiltration (25) and allergy in
the lower large bowel. In motility studies on eosinophillic oesophagitis, spasms
have been described. They hypothesised that contractions in the muscle fibres in
the muscularis mucosae, resulting in the formation of the typical endoscopic
oesophageal rings, may be caused by activation of acetylcholine by histamine (69).
Statistically significant differences were found between patients with eosinophillic
oesophagitis and controls for mean values of thickness of combined mucosa,
submucosa and the muscularis propria (70). Similar reactions in the inflamed rectal

walls could affect the biomechanics of the gut causing dismotility (25).

Mucus

The role of mucus is to protect the mucosa against mechanical and chemical
antagonism (25). In research on drug induced constipation, using a rat model, the
mucus production of crypt epithelial cells was reduced, as was the mucus thickness
at the level of the mucosal and faecal surfaces (71). These reactions might change

the viscoelasticity of the faeces, resulting in difficulty in defecation (25).

These potential mechanisms could be assessed using biochemical, immunological

and microbial markers.
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1.11 Biomarkers of constipation caused by cow’s milk allergy

or intolerance

Blood abnormalities

A number of biochemical abnormalities may occur in children with constipation

related to cow’s milk allergy or intolerance. Hypothesises for these abnormalities

have been developed and are shown in Appendix 2. These possible abnormalities

are described in Table 1.7 which has been compiled from several different sources.

Table 1.7:

Tests to determine biochemical abnormalities occurring in
constipation caused by cow’s milk protein allergy or intolerance

Measures Specific tests Outcomes in CMP sensitivity References
FBC WBC and ESR Inflammation can occur in constipation and can be determined by (3)
testing white cell count and erythrocyte sedimentation rate.
Eosinophils Elevated eosinophils are a common characteristic of cow's milk (3)
intolerance.

LFT's alkaline phosphatase, ~ Allergens are cleared from the liver. Liver function tests can be (8)
serum glutamyl usgd determine whether there are abnormalities in the clearance of
transpeptidase, antigens.
aspartate amino
transferase,
alanine amino-
transferase,
bilirubin total
conjugate

Immunoglobulins  1gA, IgG,IgM,IgE IgA deficiency is associated with the development of GIT food (8)

hypersensitivity and with milk hypersensitivity. These is some (5)
evidence levels of secretary IgA are low at diagnosis of CMPA but (72)
rise when tolerance to CMPA is achieved. Deficiency of IgA

enhances intestinal production and secretion of IgM. (57)
lgG antibodies may be elevated in patients with food allergy (73)
affecting the GIT. ©)
Children who are allergic to cow's milk, characteristically, have

elevated IgE levels. An IgE mediated response is the most

common allergic mechanism in constipation related to CMPA.

ASOT ASOT and AntiDNase B tests confirm a clinical diagnosis of a (74)

AntiDnase B previous group streptococcal A infection.

Thyroid Function Constipation is a symptom of impaired thyroid function 4)

test

B12 and Folate B12 deficiency causes megoblastic anaemia which then leads to a (6)

secondary folate deficiency. Folate is essential for the formation ()
and maturation of red and white bloods. Children with CFC often
suffer the symptoms of poor appetite and nausea which can affect
their dietary intake of B12 and folate rich foods.
Zinc and Copper Zinc is essential for a healthy immune system. Copper has an (4, 75)

antagonist relationship with zinc status. If too much copper is being
absorbed this will result in poor zinc status. Children with chronic
constipation often suffer the symptoms of poor appetite and
nausea which can affect their dietary intake of zinc rich foods.
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Faecal abnormalities

The flora of the large bowel contribute to modulation of the immune system (76)
through the gut flora species composition and metabolic activities which are
primarily determined by diet (8). Numbers and species vary in the specific regions
of the gastrointestinal tract (see table 1.8). Gut bacteria are responsible for:
digestion of unutilised energy substrates (77); cell growth stimulation; prevention
of the growth of harmful organisms; training the immune system to respond only to
harmful organisms; and defence against some diseases (78, 79). Long colonic
transit times affect the metabolism of macronutrients such as protein and
carbohydrates by fermentation and the longer the large bowel transit time, the

lower the bacterial mass (80).

Prior to birth the gastrointestinal tract of the foetus is sterile. The initial colonisation
of the gut during infancy is important in determining a person’s lifelong gut flora
composition (78, 79). Colonisation of the gut begins at birth as the foetus passes
through the birth canal during a vaginal delivery (81). Bacteria from the
surrounding environment also colonise the gut of the new born (82). Infants born
by caesarean section are predominantly exposed and colonised by the bacteria of
their surroundings with some colonisation from their mother (81). Within the first

week of life an anaerobic environment for bacterial communities is created (81).

Zoppi and colleagues (83) studied the composition of the intestinal ecosystem in
children with chronic functional constipation, and found that they had an intestinal
disturbance which the researchers defined as dysbiosis, that is, a quantitative
alteration in the numbers of intestinal bacteria (83). Studies of infants and children
with allergies have shown that the gut flora composition differs from children
without allergies (22). Those with allergies have higher numbers of the more
harmful species, Clostridia difficile and Streptococcus aureaus and lower numbers of

Bacteroides and Bifidobacteria (21). It is thought that a lack of the beneficial gut
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flora early in life leads to an inadequately trained immune system which overreacts

to antigens (22).

Table 1.8: Human intestinal microflora (84)
Section of the Gastrointestinal tract Number of bacteria/ml Species present
Stomach 100 streptococci
lactobacilli

Helicobacter pylori

Small intestine 108 streptococci
lactobacilli
bifidobacteria
bacteroides
fusobacteria

Enterobacteriaecae

1010- 1011 Bacteroides
Colon
Eubacterium
Bifidobacterium

Peptostreptococcus

108 Enterobacteriaecae
streptococci

Lactobacillus

1.12 Summary of Chapter 1

Chapter 1 described allergy and intolerance, its diagnosis and the types of reactions
that occur and the symptoms produced. The prevalence of cow’s milk allergy in the
Australian population has been estimated at 2% of the population. The differences
in composition of A1 and A2 cow’s milk were also described. There are distinct

differences in the digestion of  casein Al and B casein A2.

Chapter 1 also described the physiology of constipation and the evidence for a
relationship between cow’s milk and constipation, and the possible mechanisms
responsible for constipation. The biochemical abnormalities that can occur with this
cow’s milk allergic type of constipation were explored. There is biological plausibility

to the link between CMP and CFC and the next step was to conduct a systematic
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review of the literature investigating a link between cow’s milk protein and chronic

functional constipation. This review is presented in Chapter 2.
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Chapter 2: Systematic review of the literature

2.0 Chapter Outline

This chapter describes the systematic review of the literature to assess the
evidence that a causal relationship exists between the dietary intake of CMP and
CFC in children. In Chapter 1, the problem of chronic functional constipation in
childhood was outlined. There is a biologically plausible link between CMP and CFC.
This led to a systematic review of the literature investigating a link between CMP
and CFC. Parts of the chapter were published in March 2008 in Nutrition and
Dietetics (see Publications Arising From This Thesis section of this thesis). The
results and discussion in this chapter are more extensive than the published article

which was condensed due to the word limit for publication.

2.1 Constipation and cow’s milk in the literature

A possible link between CMP and constipation was first referred to in the literature
in the 1950’s by researchers investigating CMP allergy. In 1954, Clein (85),
observed 206 children with cow’s milk allergy, six percent of whom had constipation
that resolved when cow’s milk was withdrawn from the diet (85). In 1978,
Buisseret (86) researched an unspecified number of children, aged between 11
months and 17 years, diagnosed with a variety of allergies including CMP allergy
(86). For the 79 children diagnosed with allergy to cow’s milk, ‘constipation was
more common than diarrhoea’ as an associated symptom of cow's milk protein

allergy (86).

This early work provided observational evidence that removal of milk protein from
the diet of children who did not respond to usual treatments could be effective in
resolving constipation. More recent studies by gut researchers have included
immunological and biochemical measures to examine constipation as a possible

manifestation of cow’s milk sensitivity, expressed as an allergy (IgE mediated
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immune response), or intolerance (a non-immune physiological reaction) (3, 87,

88) as outlined in Chapter 1.

2.2 Previous reviews of the literature

In 2001, Motta published a review of the literature from 1954 to 2001 surrounding
intolerance of cow’s milk and chronic constipation in children (57). The method of
review was not defined nor were the number of studies included and excluded. It
provides a historical perspective of a possible link between cow’s milk and
constipation. She found several researchers had demonstrated that constipation
unresponsive to the usual treatments was associated with cow’s milk allergy or
intolerance (57). The most likely cause was stated to be inflammation resulting in
painful defecation. She reports evidence that mucosal inflammation caused by
immune mechanisms could also affect intestinal motility. Motta went on to provide
guidelines to clinicians with respect to clinical assessment, physical examination,
laboratory tests food investigations and treatments. She concluded by
acknowledging that the results of adverse reaction studies are often inconsistent as
children with an allergy or intolerance to cow’s milk are not a homogenous group.
This lack of homogeneity and the varied results reported needs to be considered

before assuming that the findings of these studies are unreliable (57).

Magazzu and Scoglio (89) reviewed the literature from 1991 to 2001 in relation to
gastrointestinal manifestations of cow’s milk allergy (89). The gastrointestinal
manifestations investigated included gastro-oesophageal reflux; constipation, food
protein-induced enterocolitis and food induced eosinophilic proctocolitis with respect
to diagnostic strategies that might eliminate the need for a double blind, placebo-
controlled oral food challenge. A review of Pubmed articles, published between
1992 and 2002 was conducted and only studies that included patients and controls
were included. The researchers obtained positive and negative predictive values

known as posterior probabilities to calculate the likelihood ratio (89). In terms of
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the symptom of constipation, they found only one prospective controlled study by
lacono and colleagues (3). The likelihood ratio and posterior probability of clinical
and laboratory variables, histologic abnormalities and signs of hypersensitivity
showed that a double blind, placebo controlled oral food challenge of CMP is

warranted to diagnose a causal relationship between CMP and constipation (89).

The above mentioned were the only two literature reviews related to CMP and
constipation found and both had limitations. Motta’s paper lacked specificity in the
methodology, yet went on to describe clinical guidelines for the management of
constipation that may be occurring as a result of cow’s milk protein allergy or
intolerance. Magazzu and Scoglio reviewed the Iliterature in terms of
gastrointestinal manifestations of cow’s milk protein allergy and intolerance not

limited to constipation and evaluated diagnostic strategies.

The need for a more thorough approach to a literature review surrounding this
clinical problem was identified. The aim of this review was to systematically
investigate original research to assess the evidence that a causal relationship exists
between the dietary intake of cow’s milk protein and chronic functional constipation
in children. The methodology is described in detail below. The level of evidence was
assessed according to the National Health and Medical Research Council’s Hierarchy

of Evidence (90) by the researcher.

2.3 Method used for systematic review

A literature search was conducted using the key words: constipation, cow’s milk,
allergy, intolerance, children and intestinal motility. The date range used was 1980
—2006. The databases searched include: Medline (Ovid and Pubmed), Cochrane,
CINAHL and EBESCO. Once articles were identified, reference lists of relevant
articles were searched and links to related articles in electronic databases were

accessed and reviewed.
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Initial searches identified 125 articles as potentially meeting the inclusion criteria.
Review of the titles and keywords eliminated 99 articles, leaving 26 full text
articles, the abstracts of which were further assessed to see whether they met the
inclusion criteria. These search strategies resulted in a total of seven articles being

included in this review.

Inclusion and exclusion criteria

Studies using a quantitative methodology were included. This review focused on
English language studies investigating dietary interventions for constipation in
children (aged from seven days to 15 years). Studies included were required to
report immunological and/or biochemical measures. Exclusion criteria included:
studies reported in languages other than English; studies investigating adults;
studies conducted prior to 1980 because they lacked immunological and biological
measures; studies without controls; studies that did not include an intervention and

retrospective case studies.

Predictor and outcome measures

All studies included were required to include cow’s milk protein allergy or
intolerance as a possible predictor. All studies were required to include the removal
of cow’s milk as the experimental condition or intervention and the resolution of

constipation as an outcome measure.

Analysis of published articles: Study methodology

Articles included in the review were analysed according to the following criteria:
study design, subject characteristics (age and gender), sample size, method of
diagnosing constipation; type and length of intervention; outcome measures (bowel
symptoms, immunological and biochemical changes); and statistical analysis

methods.
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Analysis of published articles: Study results and support for hypothesis

This literature review examined the hypothesis that CMP plays a role in chronic
functional constipation in some children. A statement was made on the basis of
whether the study findings were consistent with the hypothesis. The studies are
summarised in Table 2.1 in terms of subject characteristics, methods of diagnosis
and type and length of intervention findings of the study; limitations; conclusions
and an indication as to whether the study supported the hypothesis; and the level
of evidence as determined by comparison of the studies’ design with the NHMRC

Hierarchy of Evidence (see Figure 2.1) by the reviewer (90).

Level Study Design

I Evidence obtained from a systematic review of all relevant randomised
controlled trials.

I Evidence obtained from at least one properly—designed randomised
controlled trial.

-1 Evidence obtained from well-designed pseudo-randomised
controlled trials (alternate allocation or some other method).

-2 Evidence obtained from comparative studies (including systematic
reviews of such studies) with concurrent controls and allocation not
randomised, cohort studies, case—control studies, or interrupted time
series with a control group.

-3 Evidence obtained from comparative studies with historical control, two
or more single arm studies, or interrupted time series without parallel
control group.

v Evidence obtained from case series, either post-test or pre-test and post test.

Figure 2.1: NHMRC Hierarchy of Evidence 1999 (90)

2.4 Results

Only seven studies were included in this systematic review, four of which came
from the same research team (3, 87, 88, 91). The study designs included
randomised control trials, non-equivalent group’s time series or pre and post
intervention trials. The studies were all conducted between 1995 and 2005 despite
the search spanning from 1980 onwards. The researchers used different definitions
for a diagnosis of constipation. All studies reported on family and/or personal

history of atopy. The type and length of dietary intervention, that is, removal of
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cow’s milk from the diet, varied between studies. While all studies reported on
outcome measures for bowel function these were defined differently. The

immunological and biochemical variables measured varied slightly between studies.

Only one of the studies, a double blind, randomised controlled trial, by lacono and
colleagues (3) met level Il in the NHMRC hierarchy (90). All other studies were at
level 111-3 or below. All the studies supported the hypothesis that cow’s milk protein
plays a role in chronic functional constipation in some children. A summary of the

results of the systematic review are shown in Tables 2.1 and 2.2.

2.5 The lacono and Colleagues Studies

The majority of the higher evidence has been conducted by an Italian researcher,
Giuseppe lacono, and colleagues. In a study published in 1995, lacono and
colleagues (87) monitored 27 children with chronic constipation for seven days.
(87). The children were then placed on a CMP free diet for two periods of one
month each. The children consumed soy or ass milk instead of cow’s milk during
this time. Three participants under the age of twelve months received soy formula
instead cow’s milk based formula. These periods were separated by CMP dietary
challenges. After one month, participants whose symptoms abated were challenged
with cow’s milk for a maximum of 10 days. These participants then consumed a
CMP exclusion diet for one month, and then received a second cow’s milk challenge.
In 21 out of 27 participants, there was resolution of constipation symptoms (87).
During the two consecutive challenges, constipation reappeared within 48 to 72
hours of the reintroduction of cow’s milk (87). Fifteen out of the 21 participants
whose bowel habits normalised with CMP withdrawal, showed a positive immune
response (including IgE, IgG anti beta lactoglobulin, circulating eosinophils) at
baseline compared with one of the six children whose condition did not improve on

a CMP free diet (p<0.05) (87). The authors concluded that constipation in infants



Table 2.1:

Summary of studies investigating the contribution of CMPA or CMPI to CFC.

Setting, Affiliation, Sample gender and age range (mean  Definition of Dietary Intervention Outcome Measures: Outcome Statistical

Title, First author and Journal ~ +SD). Constipation Bowel +ve response Measures: Analysis

reference Immunological/Biochemical.

Randomised Control Trial

Italy, Intolerance of Cow's N =65: 1 bowel 33pts: cow's milk for 2 wks; =8 bowel motions in +IgE + ESR Parametric analysis:

Milk and Chronic M:29F: 36 movement 32 pts: control: soy milk for 2 wks + Circ. eosinophils Fisher's exact test: frequency analysis.
Constipation in Children, 11t0 72 every 3to 2 wks. 1wk washout; then + WCC, RCC, PCR test. Non-parametric analysis:

lacono, G (34.6 £17.1) months 15 days. alternated milk type for 2 + Milk specific IgE antibody assay The Wilcoxan rank-sum test: no. of bowel

N Engl J Med 1998; 339:
1100-1104

wk period.

of more than 1
+ Skin tests: whole milk, lactalbumin,
casein, -albumin.

movements per day and qualitative faecal
scores.

Non-equivalent groups time series

Italy, Persistent cow’s milk
protein intolerance in infants:
the changing faces of the
same disease, lacono G
Clinical and Experimental
Allergy 1998; 28, 817-823.

Cases: N=12:

M:6F: 6

60 -84 months
(median = 60 months)
Controls N=26:

M: 12 F:14

72-108 months
(median= 72 months)

1 bowel motion every
3to 7 days and painful
passage of hard
stools.

Single challenge: cow’s milk
or placebo; Challenges
started at 5ml and
increased to the quantity of
afull feed in 3hr. If no
reaction occurred, the pt
continued the challenge (full
feeds) at home for 1 wk.

Resolution of
symptoms of
constipation

Increase in leucocytes, eosinophils in
faecal and nasal mucous, occult blood
in stools.

Seum levels: total IgE, IgG anti-B-
lactoglobulin (by ELISA). RAST: cow's
milk, B-lactoglobulin, a-lactoalbumin,
casein.

Parametric analysis:

Fisher's exact test: freq. of acute infectious
enteritis prior to CMPI, family hx of allergy;
Student t test: gestational age; Chi square
test: feeding type, freq. of sympt;
Non-parametric analysis:

Mann-Whitney U-test: analysis of age at
onset of CMPI.

Pre and Post Intervention studies

Finland. Lymphoid nodular

N=50 Cases = 35;

Passing hard stools,

4 week milk elimination for

> 3 bowel motions/wk

Serum IgA and IgE.

Parametric analysis:

hyperplasia & CM M:18 F: 17 with a frequency of subjects. Presence of lymphioid nodules. The no.  Chi squared test and student t test: the
hypersensitivity in children 3-15 yrs fewer than 3 per week. of eosinophilic granulocytes in lamina significance of difference between the
with chronic constipation. (8.3%3.3) yrs propria. subjects and controls.
Turunen, S et al. Journal of Controls = 15; Non-parametric analysis:
Pediatrics 2004; 145;5: 606- M: 6 F:9 Kruskal-Wallis test.
611. 2-15 yrs

(11.7+3.2) yrs
Italy, Chronic N=27:M:15 F:12 1 bowel motion every 7 days usual diet. No. of stools/ Serum levels: total IgE, IgG, anti-B- Parametric analysis:
constipation as a symptom of ~ 5to 36 3 to 7 days CMP free: 1 month day. Quality also scored lactoglobulin (by ELISA), and Chi Square tests: ANOVA; unpaired
cow’s milk allergy, lacono G months and pain in the Challenge with CM: 10 days  in terms of hardness on  peripheral Student t test to compare means for lab
etal. J Paed 1995; 126: 34- (20.6 £13.4) passage of hard CMP free: 1 month 1-3 scale. eosinophil counts. results.
39. Months stools. Rechallenge with cow's Non-parametric analysis:

milk: 10 days

The Wilcoxon rank sum test: to compare
no.of evacuations/day; & qualitative stool
scores during CMF and challenge periods.

W
o




Table 2.1 (cont): Summary of studies investigating the contribution of cow’s milk protein allergy or intolerance to chronic functional

constipation.
Setting, Affiliation, Sample gender and age range (mean  Definition of Dietary Intervention Outcome Measures: Outcome Measures: Statistical
Title, First author and Journal  +SD). Constipation Bowel +ve response Immunological/Biochemical Analysis
UK, Cow’s milk and chronic N=20:M: 11 F: 9 Intractable Six weeks on a cow’s milk Resolution of Intestinal transit study. Mucosal biopsy. ~ Not defined.
constipation in children. constipation free diet. constipation (not Anorectal manometry.
Shah, N, N Engl J Med 1999; 6 to 79 months (no physical cause) defined in article).
340:891-2 1999. (median 37 months) that is unresponsive
to treatment.

Brazil, Cow’s milk protein N=40 Hx of painful CMPF for 4 weeks. > 3/wk, & no hard, Total IgE, Specific IgE (RAST): cow's Parametric analysis:
intolerance and chronic (gender not stated) elimination of hard Pts with resolved symptoms  painful or difficult milk, o-lactoalbumin, Fisher's exact tests.
constipation in children, stools for > 1 month. challenged: cow’s milk ad passage. B- lactoglobulin, wheat, peanut, soy, Non-parametric analysis:
Daher S, Pediatr Allergy 3mo-122months lib without a step wise Response for fish, egg white. Skin tests: milk, o.- Mann-Whitney test.
Immunol 2001;12: 339-342. (Mean not reported) increase in dose rechallenge: lactoalbumin, B-lactoglobulin, casein.

reappearance of sympt.

48-72hrs
Italy, Chronic Constipation N=52: 1 bowel motion every CMPF diet for 4 weeks. If At least 5 evacuations Liver and kidney function tests, Parametric analysis:
and food intolerances: a M22F 30 3 days or more with no resolution of bowel per week with soft metabolic evaluation, ESR, PCR test, Fisher's exact test: freq analysis.
model of proctitis causing 331069 painful elimination symptoms, elimination diet. ~ stools, without painful no. of eosinophils, WCC, RCC; IgE; Non-parametric analysis:

constipation

Carroccio, A

Scandinavian

Journal of Gastroenterology
2005; 40: 33-42.

51.2 +18 months

of hard stools,
associated with
abdominal
pain.

Double blind food challenge
to confirm dx of food
intolerance.

defacation.

RAST: cow's milk, B-lactalbumin,
casein, a-lactalbumin and other foods
allergens;

Skin prick tests: food antigens. Rectal
biopsies: all subjects after 2wks ;
subjects on elimination diet: at 12 wks

Wilcoxon rank-sum test: no. of bowel
movements/ day and qualitative fecal
scores; histologic data with final dx of food
intolerance at baseline & >12wks;
Mann-Whitney U test: histologic findings;
Spearman’s rank correlation coefficient:
histologic data from rectal mucus gel layer.

Symbols and abbreviations:

o = alpha

B = beta

circ = circulating
CM = cow’s milk

CMPA* = cow's milk protein allergy

ELISA = Enzyme linked immunosorbent assay

ESR = Erythrocyte Sedimentation Rate

f = female
hr = hour
hx = history

intol. = intolerance

longtitud. = longtitudinal

M=male
ob = observation
% = percentage

CMPF = cow's milk protein free
CMPI* = cow's milk protein intolerance
cont. = continued

Dx= diagnosis

IgA= Immunoglobulin A
IgE= Immunoglobulin E
IgG= Immunoglobulin G
intervent = intervention

PCR = Protein C reactive test
placebo = hydolysed formula

+ve = positive

RAST = Radioallergosorbent tests

* The terms CMPI and CMPA have been used exactly as they have been in the studies. There is no discernible difference between the two.

RCC =red cell count

RCT= Randomised Controlled Trial
wks = weeks

WCC = white cell count

1€




Table 2.2:

Results of intervention studies investigating the hypothesis that CMP has a role in CFC in children

First author & year Results Study Limitations Conclusions Support for Level of
hypothesis evidence

RCT
lacono, G at al. 44 165 (68%) had a bowel response to soy milk (ie constipation resolved) Subjects selected were patients from CMI (mostly IgE mediated) hypersensitivityb Yes Level Il
1998b (3). (10 motions/2wk) and none had a response to cow’s milk. Pts on cow’s paediatric hospital clinic. (immunologic, clinical) in % of subjects with

milk: 4 bowel motions/2 wks. Pts on soy: mean of 10 bowel motions/2 CMPI related constipation.

wks. Pts who responded to soy had more sympt. of CMPI and +ve

immunological tests.
Non-equivalent group time series
lacono G etal. 1998  11/12 subjects presented with persistent CMPI and 3/26 controls Small sample size. Persistent CMPI is characterised by: familial Yes Level llI-3
(88). (P<0.0001) presented with multiple food intolerance. 9/12 had persistent atopic disease; possibly a change in CMPI

CMPI and 2/26 controls showed atopic dx: asthma, rhinitis, eczema manifestations over time and a delay between

(P<0.0001) Family Hx of atopy in 10/12 cases and in 10/26 controls CMP consumption and symptoms.

(p<0.01).
Pre and post intervention studies.
Turunen, S etal. 83% of cases remitted on CMPF diet. Constipation relapsed in 34% during ~ Small sample size. Mean age varied for ~ Cow’s milk allergy in children with chronic Yes Level IV
2004 (92). the CM challenge, Hx of atopy 12/35 (34%) subjects versus 3/15 controls case and controls constipation found in some but not all cases.

(20%) Retrospective selected pts

Colonoscopy not repeated during milk
elimination.

lacono G etal. 1995  21/27 resolution of sympt; constipation reappeared within 48-72 hr during Limited no of subjects, and no control Constipation in infants may be an allergic Yes Level IV
(87). the 2 CM challenges. 15/21 cured pts, +ve results of 1 or more lab tests group. No immune mechanism response. This possibility increases if

(specific IgE, IgG anti B lactoglobulin, circulating eosinophils) at dx investigation. Method not blinded. immunological and biochemical data show

compared with 1/6 of uncured pts (p<0.005). abnormalities of the immune system.
Shah et al., 1999 14/20: hx of atopy. 12/20: family hx of atopy. 8/20: parent with hx of dietary ~ Small sample size and no control Constipation with atopy is commonly Yes Level IV
(65). protein intolerance. 8/14 with atopy showed delay in faecal passage as a group. Immune mechanisms not associated with mucosal eosinophilia and

consequence of retention not motility disorder. 4/8 with atopy showed investigated. increased transit time.

normal intestinal motility after the CMPF diet. Challenge not hlinded
Daher S et. al. 2001 7125 (28%) constipation disappeared on diet and reappeared within 48-72  Limited immune mechanism CMPA or CMPI should be considered as a Yes Level IV
(93). hr of challenge. High serum levels IgE: 5/7 cured (71%), +ve skin test: investigation. Challenge not blinded, no  cause of chronic refractory constipation.

2/7(29%); and detectable specific IgE: 2/7(29 %). control group, and high drop out rate.
Carroccio, A et. al. 24/52 dx with CMPI; 6/52 dx with multiple food intolerance. Both had Possible to taste difference between Chronic constipation in children can be dueto  Yes Level IV

2005 (91).

normal stools on elimination diet but constipation reappeared on food
challenge (22/52 did not improve on elimination diet). Pts dx with food intol
had higher freq. of mucosal erosions, intraepithelial lymphocytes and
eosinophils, and eosinophils in the lamina propria than those without food
intolerance.

milks provided.
No control group

both cow’s milk intolerance and to multiple
food allergy in some children.

Symbols and abbreviations:

CM = cow's milk

CMPA* = cow’s milk protein allergy
CMPF = cow’s milk protein free
CMPI* = cow’s milk protein intolerance

cont. = continued

freq. = frequency

hx = history

intol. = intolerance

% = percentage

PCR = Protein C reactive test

+ve = positive

RCT= Randomised Controlled Trial

wks = weeks

* The terms CMPI and CMPA have been used exactly as they have been in the studies. There is no discernible difference between the two.

ce
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may have an allergic manifestation particularly in the presence of abnormalities of

the immune system (87).

In 1998, lacono and colleagues published the results of a longitudinal study (88).
The aim of this study was to evaluate the clinical and immunological characteristics
of a group of infants with persistent cow’s milk protein intolerance by following 12
children with this intolerance from birth until age five. The children received a CMP
challenge each year and tolerance was evaluated. They found that changes in CMP
intolerance occurred over time with a more prolonged delay between consumption
and symptoms and that familial atopic disease was associated with CMPA that
persists beyond the first few years of age (88). lacono and colleagues hypothesised
that this possible delay is due to a tolerance that is acquired over time that allows a
small amount of the antigen to be consumed before clinical symptoms occur. They
recommended that a study of the cellular-mediated immune reactions be conducted

(88).

The same team investigated very delayed clinical reactions to CMP (94). Eighty-six
children with newly diagnosed CMPI were recruited. Tests to demonstrate IgE
mediated sensitivity were performed at diagnosis. Participants were placed on a
cow’s milk free diet for 12 months and then challenged with cow’s milk using a
double blind, placebo controlled method. Children who continued to be cow’s milk
sensitive remained on a CMP free diet and were rechallenged with cow’s milk on a
yearly basis. The number of cow’s milk sensitive patients who became insensitive
after one, two and three years increased, from 30%, 54.5% and 70%, respectively.
At the end of the follow-up period of 40 months, 26 out of 86 subjects showed
persistent cow’s milk protein sensitivity. These 26 children showed a higher
percentage of reactivity to the immunological tests performed, that is, total serum
IgE (P<0.05), RAST (P<0.01) and cutaneous prick tests for cow’s milk antigens

(P<0.001). At diagnosis, all patients had a clinical reaction within seventy-two
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hours, however, in later challenges, 10 out of 86 showed very delayed reactions,
and an average of 13 days after challenge. The number of late reactors increased
with each challenge. The very delayed cow’s milk protein intolerance manifestations
were: constipation; wheezing, dermatitis plus constipation and dermatitis. The
authors concluded that very delayed clinical reactions to reintroduction of cow’s

milk in the diet, such as constipation, can occur (94).

In a subsequent study, lacono and colleagues (3) used a double-blind crossover
design to compare the response to cow’s milk with soy milk in 65 children with
chronic constipation. Thirty three children were allocated to cow’s milk and 32 to
soy milk for two weeks. Parents were asked to withhold foods that contained milk
during the study. After one week of an unrestricted diet that could include cow’s
milk, soy milk and their derivatives, children were given the alternate milk for
another two weeks. Constipation resolved for 68% of children consuming soy milk,
but not for any of those consuming cow’s milk (3). The researchers observed that
children whose constipation resolved on the soy milk had a nhumber of symptoms
associated with cow’s milk protein allergy/intolerance at baseline, suggesting a pre-
existing abnormality of the immune system. lacono and colleagues suggested
further research on the immune mechanisms occurring with chronic constipation
(3). This was the only study included in this review to reach the NHMRC’s Level 11

of evidence (90, 95).

In a more recent study, 52 consecutive children with a mean age of four years, with
CFC unresponsive to the usual treatments, were placed on a CMP free diet for four
weeks (96). Those uncured on this diet were placed on an oligoanteric diet,
consisting of rice, lamb, carrots, ass milk, olive oil and sugar. A double blind food
challenge was performed in hospital to confirm the diagnosis of food intolerance.
Children with food intolerance, confirmed by double blind placebo controlled CMP
challenge or an open food challenge as well as haematological and immunological

assays, rectoscopy and histologic study of the rectal mucosa, showed a higher
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frequency of erosions of the mucosa, number of intraepithelial lymphocytes and
eosinophils and number of eosinophils in the lamina propria. Study of the rectal
mucous gel layer showed food intolerance patients had less thickness than those
without food intolerances (91). They concluded that chronic constipation in children

could be due to both cow’s milk intolerance and to multiple food allergies (91).

2.6 Critiques of the lacono and Colleagues studies

The lacono and colleagues studies have not been received without criticism.
Eigenmann (97) disagreed with lacono and colleagues’ interpretation of the positive
assays for milk specific IgE and positive skin prick tests in the double blind
crossover study. He also commented that blinding to the type of milk is difficult but
acknowledges that this was recognised by lacono and colleagues in the publication.
Eigenmann (87) suggested that until the immune mechanisms have been clearly
established, hypersensitivity to cow's milk should not be identified as a cause of
CFC. He expressed concern that diets that do not include milk are detrimental to a
child's health (97). In response to Eigenmann’s criticisms, Carroccio, a researcher,
from the lacono and colleagues team, described how the cut points for milk specific
IgE and positive skin prick tests were derived and quoted other studies with

relevant findings that support his teams’ results (65).

In the same issue of the New England Journal of Medicine, Daher (98) supported
the results published by lacono and colleagues. These results contribute to existing
evidence along with her own research later published (93). Daher investigated CMP
allergy in 25 children aged between three months and 11 years. The children were
assessed clinically and tested at baseline and after cow’s milk was withdrawn from
the diet for total serum IgE, radioallergosorbent (RAST) for whole cow’s milk, a-
lactoalbumin, B-lactoglobulin and other food allergens, that is, wheat, peanut, soy,
fish, egg white. Skin prick tests with whole milk, alpha lactalbumin, beta-

lactoglobulin and casein were also conducted. The children followed a CMP free diet
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for a period of four weeks. During this period, constipation disappeared in seven
patients (28%) and reappeared within 48-72 hours of a cow’s milk challenge’.
There were high levels of IgE in five (71%) of the children who showed
improvement; a positive skin prick test to cow’s milk protein in two (29%) of the
children. Daher concluded that cow’s milk protein allergy or intolerance should be

considered as a cause of CFC in children (98).

In an editorial in the New England Journal of Medicine, Shah and colleagues (65)
agreed with the results of lacono and colleagues’ double blind randomised
controlled trial (98) and stated that it provided further support to their team’s
research. Shah and colleagues (65) conducted a prospective study of 20 children,
aged between six months and seven years, referred with constipation of no known
physical cause and unable to be treated using conventional laxative treatment. At
baseline, 14 of the children had a personal history of atopy and 12 children had a
family history of atopy. After six weeks on a cow’s milk free diet, 11 out of the 14
children improved. In two of the remaining three with the history of atopy, the
constipation improved after removal of wheat from the diet. Motility was
investigated using intestinal transit studies in the 14 children with atopy before
starting the CMP free diet and showed that in eight out of the 14 children, the delay
in faecal transit was the result of faecal retention in the rectum and not a motility
disorder. This motility study was repeated in four of the eight children after the CMP
free diet and all four had a normal transit time. Six children underwent rectal
mucosal biopsy and were found to have infiltration of the lamina propria with
eosinophils and one had eosinophilic cryptitis. The researchers concluded that CFC
in children with atopy is commonly associated with mucosal eosinophilia and

increased mouth to anus transit times in association with rectoanal retention, and

1 Two infants underwent a rectal biopsy which revealed allergic colitis and therefore they did
not undergo a cow’s milk protein challenge.
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removal of CMP should be an integral part of the treatment for constipation in

children (65).

Norwicki and Bishop (99) argued that there is insufficient data to support routine
screening of children for CMP allergy as a cause of constipation (99). He
recommended that further investigation be conducted in unselected populations to
determine the prevalence of allergy as a cause of constipation. He did however
concur that the trial of a cow’s milk free diet with rechallenge may in fact be useful

in a child with a history of atopy (99).

Stricker (96) documented that up to thirty percent of infants sensitive to CMP are
also sensitive to soy proteins. He questioned whether the children in the and
colleagues’ double blind randomised controlled trial who did not improve on soy
milk were sensitive to both cow and soy protein (39). He agreed that intolerance to
cow’s milk should be considered in young children with CFC, and recommended

further investigation of tools for diagnosis of CMP sensitive constipation (39).

2.7 Other evidence Level 111-3 or below

All other studies reviewed for this thesis were at level I11-3 or below. Those
conducted by lacono and colleagues (66, 87, 88), Shah and colleagues (65) and
Daher and colleagues (93) have been described above. The remaining level 111-3

study, by Turunen and colleagues (92), is described here.

In Finland, lymphoid nodular hyperplasia and cow’s milk hypersensitivity in children
with CFC has been investigated by Turunen and colleagues (92). The aim of the
study was to investigate the incidence of cow’s milk allergy as evidenced by cow’s
milk challenge and the findings of endoscopic and immunohistological examinations
in children with CFC. Thirty-five subjects, aged between two and 15 years,
underwent a colonoscopy at baseline and then commenced a CMP free diet for 4

weeks followed by a CMP challenge (92). After elimination of milk from the diet and
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with supportive medication, constipation resolved in 83% of subjects. Constipation
and other gastrointestinal or skin symptoms relapsed in 34% of participants during
the cow’s milk challenge. These subjects had a higher density of intraepithelial y§© T
cells in the biopsy samples of the terminal ileum (P<0.01) in comparison to control

subjects (92).

2.8 Discussion

This systematic review evaluated the quality of the evidence for the hypothesis that
CMP has a causal role in chronic functional constipation in some children. A
summary of the results of the studies included in this review is presented in Table

2.2 and will be discussed in this section. The current evidence lends some support

to this hypothesis. However, the evidence base remains small and needs to be
further developed. Despite constipation being a common problem in paediatric
practice, the paucity of studies suggests constipation is not a popular area for
research. There were no published systematic reviews due to the lack of
randomized controlled trials (RCT) studies. Only one of the studies, the double blind
randomised controlled trial conducted by lacono and colleagues (3), provides
evidence of an association between cow’s milk and constipation. There is a problem
with reliance on research from one group given that these results are yet to be

attempted to be replicated in other settings.

The limited number of higher level evidence studies could be due to a variety of
factors. Conducting studies that withdraw cow’s milk presents ethical challenges
and difficulties double blinding given the specific flavour profiles of food.
Participation in a study with this type of methodology carries a high participant
burden particularly biochemical and immunological testing and therefore it would be
difficult to enroll large numbers of participants. Despite these considerations, more
studies using the double blind, randomised control trial method (3) are required to

inform the development of evidence-based guidelines to treat this problem in
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practice. However, such studies should consider the limitations of soy milk as a
control, since approximately thirty percent of children with cow’s milk protein
allergy are also sensitive to soy (39). Definitions of constipation should be

standarised in further studies published.

A limitation of this review was that studies in languages other than English were not
included and it is possible that some evidence was excluded in this way. A further
limitation of this review was that the studies included examined children of various
ages yet the same conclusions are unlikely for children of different ages. It is
important to note that cow’s milk protein allergy usually has a remission in 85 to
90% of cases by age four years (28). The strength of the recent evidence is that
biochemical and immunological analyses were included showing an association
between cow’s milk protein and constipation, providing a potential biological

explanation for the relationship between CMP and constipation.

The studies reviewed showed that breastfeeding duration, early exposure to cow’s
milk and familial and personal history of atopy, are all potential factors in the
development of cow’s milk protein allergy or cow’s milk intolerance. Carroccio and
colleagues (91) found that constipation can occur as a very delayed clinical reaction
to reintroduction of cow’s milk in the diet of cow’s milk intolerant children (94).
Shah and colleagues (65) found that refractory constipation in children with atopy
is commonly associated with mucosal eosinophilia and increased mouth to anus

transit times in association with rectoanal retention (65).

The existing literature surrounding cow’s milk and constipation is limited. None of
the studies conducted were population-based nor structured to provide evidence-
based evaluation or treatment guidelines at either the primary care or tertiary level
(64). The small pool of published studies possesses many limitations: the biased

nature of the study population (subjects that have presented clinically to
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specialists); study designs unable to prove causality; and the difficulty in blinding

subjects and their families to CMP and a suitable milk alternative.

To date, no particular allergy test for milk is currently specific or sensitive enough
to recommend routinely (64, 100). Further scientific evidence is required to clarify
the physiological, biochemical and immunological mechanisms that occur in
susceptible children to establish a process for testing that will contribute to
evidence based management of paediatric constipation. A need for evidence based
dietary alternatives to cow’s milk, for example soy milk, has been identified. The

feasibility of families to follow a CMP free diet also needs to be determined.

2.9 Project Aims

This project aims to confirm whether a causal relationship exists between the
dietary intake of cow’s milk protein and chronic functional constipation in children.

The research trials for this thesis were designed to answer four questions:

1. Can the results of the lacono and colleagues study of children with CFC who
respond to the replacement of CMP with soy be replicated in the Australian

setting?

2. What effect does the cow’s milk B casein A1 and cow’s milk B casein A2 have

on CFC in children who do not respond to traditional treatments?

3. What are the immunological and biochemical mechanisms underlying CFC

that respond to the removal of CMP in children?

4. What factors affect the feasibility of mothers administering a CMP free diet

to their children?

The four questions were addressed by two different trials and a qualitative study.

Question 1 was addressed by crossover Trial 1, which replicated the lacono and
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colleagues study in the Australian setting (Method in Chapter 3, Results in Chapter

4).

Question 2 was addressed by a double-blind crossover trial, Trial 2, which
investigated the effect of cow’s milk B casein A1 and cow’s milk B casein A2 on CFC
in children who do not respond to traditional treatments (Method in Chapter 3,

Results in Chapter 5).

Question 3 was addressed through the collection of blood and faeces from children
with CFC who do not respond to the traditional treatments, in Trials 1 and 2

(Method in Chapter 3, Results in Chapters 4 and 5).

The answer to question 4 was addressed by the qualitative study described in
Chapter 6. Qualitative methodology was used to gain an insight into the

experiences of families implementing a CMP-free diet.

The answers to the four research questions and recommendations arising from the

conducted trials and qualitative study are outlined in chapter 7.

2.10 Summary of Chapter 2

Chapter 2 described the systematic review of the literature to assess the evidence
that a causal relationship exists between the dietary intake of CMP and CFC in
children. The evidence showed some support for a causal link between CMP and
chronic functional constipation in a group of children, some of whom show
increased prevalence of CMP sensitivity in biochemical and immunological tests.
This systematic review led to the four research questions presented above and the
development of this research project which aims to confirm whether or not a causal
relationship exists between the dietary intake of cow’s milk protein and chronic
functional constipation in children. Chapter 3 describes the participants recruited
and the methods used for the two crossover clinical trials investigating cow’s milk

protein and paediatric chronic functional constipation.
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Chapter 3: Methodology

3.0 Chapter outline

This chapter describes the participants recruited and the methods used for the
crossover clinical trials investigating milk protein and paediatric chronic functional

constipation.

Two separate trials were conducted after the systematic review of the literature
reported in Chapter 2. Trial 1 (addressed research Q1) compared cow’s milk with
soy milk. The second trial (addressed research Q2) compared cow’s milk B casein
Al with cow’s milk B casein A2. Except for the milk type, the conditions were
identical and the study design is described below. The method was designed to

measure the hypotheses:

1.1 Hypothesis for Trial 1: Constipation would resolve for children with CFC

whilst consuming soy milk and avoiding cow’s milk protein.

2.1 Hypothesis for Trial 2: Constipation would resolve for children whilst
consuming cow’s milk 8 casein A2 and whilst avoiding all sources of cow’s milk 8

casein Al protein.

3.1 Study design

Children aged one to 12 years, with chronic functional constipation, were recruited
to the two trials. Both trials used a crossover design trial to compare two milks.
Trial 2 was double blind. Each participant started on one milk condition for two
weeks. After a two-week washout period, participants were switched to the other
type of milk for another two weeks. The order of treatment was randomly assigned
according to the participants’ date of birth to pathway 1 or pathway 2 by the
paediatric continence nurse. This was done as each child and their family consented

to participate in the study. The dietitian researcher (EC) was unaware of the order
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of treatment. Commercial labels were removed from the cow’s milk  casein Al and
cow’s milk casein B A2 containers for Trial 2 to allow double blinding. This blinding
was possible due to the lack of a discernible taste difference between the two milks.
Trial 1 was conducted in Tamworth and Trial 2 in Newcastle. The trials and their

pathways are shown below in Figure 3.1 and Figure 3.2.

Pathway 1 Pathway 2
2 weeks Cow’s milk Soy milk
2 2
2 weeks CMP and soy protein free CMP and soy protein free
\ \
2 weeks Soy milk Cow’s milk
Figure 3.1: Study design for Trial 1, cow’s milk B casein Al versus soy milk
Pathway 1 Pathway 2
2 weeks Cow’s milk B casein A1l Cow’s milk B casein A2
s \
2 weeks CMP and soy protein free CMP and soy protein free
s \
2 weeks Cow’s milk B casein A2 Cow’s milk B casein Al
Figure 3.2: Study design for Trial 2, cow’s milk B casein Al versus cow’s milk B
casein A2

This research project was approved by the Hunter New England Area Health Service
Ethics Committee and the University of Newcastle Human Research Ethics
Committee (Reference 03/08/13/12/3.23). A variation to extend recruitment by
advertising in the Division of General Practitioners newsletters and the
paediatrician’s rooms was also approved. The approval documentation is shown in

Appendix 3a, 3b, 3c and 3d.

Funding was received for this project from: The University of Newcastle’s,
University Department of Rural Health, Northern New South Wales; a Primary
Health Care Research, Education and Development Small Research Grant; soy milk

was donated by Sanitarium; and A2 milk was donated by Fairbrae Milk.
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3.2 Outcome measures

Primary outcome measures: Resolution of constipation
A Constipation Diary (Appendix 10) was used to record the number of bowel
motions per fortnight. A clinical outcome was defined as, eight or more bowel

movements during a two week treatment period (3).

Secondary outcome measures: Biomarkers

All biomarkers were monitored at three time intervals throughout the study period:

(1) baseline, (2) after the first two week trial and (3) at the end of the study.

Blood

A description of each of the blood factors monitored and a hypothesis statement
related to each factor (Hypotheses 3.1) and whether they were expected to change

during the study period is described in Appendix 2.

Faeces

Faeces samples were analysed for the presence of normal gut flora and
Streptococcus B, Streptococcus agalactiae. Adequate numbers of gut flora including
Streptococcus B are required for the maintenance of bowel health and the

prevention of constipation (83).

3.2.1 Faeces Hypothesis for Trial 1: Normal gut flora and Streptococcus B would
be low or absent at baseline (time 1), and would return to normal for children

during the washout period and whilst consuming soy milk.

3.2.2 Faeces Hypothesis for Trial 2: Normal gut flora and Streptococcus B would
be low or absent at baseline (time 1), and would return to normal for children

during the washout period and whilst consuming cow’s milk 8 casein A2.
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3.3 Dietary intervention

Participants were given a supply of the assigned milk for the two week trial period
and advised to consume at least 400 mL of this milk each day and to avoid all other
sources of CMP. They were also instructed to continue with the same amount of
fibore and fluid per day as per before starting the research protocol. After the
nutritional assessment parents and participants were educated by a dietitian to
follow a cow’s milk protein free diet. Education material was provided consisting of
a Milk Free Shopping Guide and a Label Reading Education Tool (Appendix 4a and
4b) and practical, personalised strategies were recommended. Parents were given
the name of a suitable calcium supplement that they could give their child if
desired. The first 10 participants were provided with fortnightly phone calls by the
researcher to answer queries and ensure adherence to the diet. For all other
participants, this contact was increased to weekly to improve retention,
participation rates and adherence to the diet. Participants were also able to contact

the researcher with questions whenever necessary.

The first two-week trial period was followed by a two-week washout period free of
all milk and soy protein to remove the physiological and psychological influence of
the protein between the trial periods. This washout period acted as another
condition in itself given that participants continued on their cow’s milk protein free
diet with no other milk or soy included. Participants were encouraged to consume
an additional 400 mL of other fluid during the washout period in place of the
intervention milk to prevent dehydration. This fluid could include rice milk as a
substitute for milk. After the washout period, for Trial 1, those consuming soy milk
were switched to cow’s milk and those on cow’s milk were switched to soy milk.
After the washout period, for Trial 2, those consuming cow’s milk B casein Al were
switched to cow’s milk B casein A2 and those on cow’s milk B casein A2 were

switched to cow’s milk B casein A2. Parents obtained the supply of milk for the next
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condition from the paediatric continence nurse just before commencing the second

two part of the trial.

3.4 Participants

Children aged between one and 12 years with CFC, unresolved by medications,
including laxatives or dietary methods were recruited. CFC was defined as chronic

faecal retention, that is, less than eight bowel motions per fortnight (3).

All participants

e were consuming dairy products daily
e had previously tried the usual dietary treatment for constipation but had not

been successful in the long term.

Children with Hirschsprungs disease, Cerebral Palsy, Coeliac disease and children
using medications known to cause constipation were excluded from the study.

Children taking laxatives withheld these for the duration of the Trial.

3.5 Study procedure

The aim was to recruit 30 children to each of the two trials. A flowchart of the study

procedure is shown in Figure 3.3.
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Patients referred to the study by GP, Paediatrician or Continence Nurse
4

Medical history taken by paediatric continence nurse or paediatrician,
including onset of constipation, frequency and duration of breastfeeding,
personal and family history of atopy

Nutritional assessment conducted by a dietitian
4

Blood, urine and faeces samples collected at baseline (time 1)
4

Start protocol, 1 type of milk for 2 weeks
4

Blood, urine and faeces samples collected (time 2)
4

2 week washout
)

Other type of milk for 2 weeks
4

End of protocol, blood, urine and faeces samples collected (time 3)
4

Qualitative telephone interview with participant’s mother

Figure 3.3: Flowchart of the procedure for Trial 1 and Trial 2.

3.5.1 Recruitment Process

All participants were referred to the study by their paediatrician, general
practitioner or paediatric continence nurse. Recruitment occurred in Tamworth for
Trial 1, from July 2005 to September 2007 and in Newcastle for Trial 2, from July

2005 to May 2008.

Posters (Appendix 5) were displayed in the paediatrician’s rooms and the Children’s
Ward at Tamworth Rural Referral Hospital for Trial 1 and in the waiting room of
John Hunter Hospital’s Children’s Hospital Clinic at Wallsend Community Health
Centre for Trial 2. The poster invited parents to approach their doctor, paediatrician
or paediatric continence nurse about participating in the study. Advertisements
were also placed in the Divisions of General Practice newsletters (Appendix 6)
located within the geographical area of the Hunter New England Area Health

Service for General Practitioners to refer potential participants to both trials.
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The doctor advised the parent of their child’s eligibility based on the inclusion
criteria. The researcher was then advised of the potential participant and provided
the child’s parents with an envelope containing an information package about the

study (Appendix 7a, Newcastle and 7b, Tamworth) including:

e An information sheet for participants

¢ An information sheet describing the milk free diet

e An information sheet describing the collection of samples
e A consent form

e A reply-paid envelope

Each potential participant’s parents took the envelope away to make a decision
about their child’s participation in the study in their own time. The researcher
remained at arm’s length from the parents by recruiting through the paediatrician,
general practitioner or paediatric continence nurse. Care was taken to inform
parents that the study outcome may not immediately benefit their child. Parents
were required to complete the consent form and post it to the researcher in the
reply-paid envelope found in the information package. Participation in the study

was commenced when the researcher received a signed consent form.

3.5.2 Data collection

After the consent form had been received, the researcher contacted the parent to
answer any queries and to arrange a time to meet to conduct the nutritional

assessment and for the collection of blood, urine and faeces samples.

After this phone contact, each study participant was mailed a package containing:

e A specimen jar for faeces collection

e Pathology forms to accompany samples to the pathology unit
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e A transportation form, to accompany the urine sample from the pathology
unit to the Dunstan Roberts Laboratory at the University of Newcastle for

analysis by the student researcher.

The Medical History

A detailed medical history was taken by the paediatrician or the paediatric
continence nurse using the paediatrician’s Encopresis Evaluation Chart (Appendix
8). Data collected included: onset, symptoms and duration of the constipation;
medication history; frequency and duration of breast feeding; personal and family

history of allergy and intolerance.

The Nutritional Assessment

Each child and his/her parent participated in a consultation with a trained dietitian
(either the researcher or the research assistant) who conducted a detailed
nutritional assessment (See Appendix 9). Average daily dietary intake including
foods and macronutrients of interest such as dairy, fibre and fluid intake was
obtained. This information was used to determine: whether 400 mL (or equivalent)
of dairy products were being consumed by each participant daily and whether a
participant’s dietary fibre and fluid intakes were adequate prior to commencing the
study. If a participant’s dairy intake was inadequate, he/she was required to include
400 mL of dairy products per day in his/her diet for two weeks prior to commencing
the Trial. If a participant’s fibre and fluid intake was inadequate, they were required
to increase their dietary intake of these macronutrients to amounts recommended
by the dietitian for two weeks prior to commencing the trial to ensure consistency

between participants and to eliminate lack of fibre and fluid as a cause of their CFC.

Each participant’s diet was assessed using the Australian Guide to Healthy Eating
(101) for recommended number of serves for the relevant age group to determine

nutritional adequacy. The consumption of processed foods containing CMP as an
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ingredient was also assessed, except for ice-cream which was reported in the
Extras category rather than dairy. For this assessment Extras were subcatagorised
into the following processed foods containing CMP: convenience foods, for
example, pizza, nuggets, hot dogs, fish fingers etc. consumed at least once per
week; confectionery (chocolate), at least once per week; biscuits and cakes, at
least once per week; snack foods, for example, chips, muesli bars, at least once per

day; and ice-cream, at least once per week.

Constipation Study Patient Diary

A ‘Constipation Study Patient Diary’ (see Appendix 10) using the Bristol Stool Scale
(102), a validated scale correlated with gut transit time, (103-105), was used by
participants or their parents, to record information about the subjects bowel
motions each day. This scale has been found to be a useful tool in clinical research
(106), and has been recommended for research by an international working party

(107).

Participants and their parents were instructed by the dietitian in how to complete
‘Constipation Study Patient Diary’ for the duration of the six week study. The
participant (over the age of eight) or his/her parent was required to record: the
number of bowel movements per day; whether straining was required to pass the
motion; stool form and appearance by comparing it to diagrams on the back of the
diary; and symptoms of abdominal pain/discomfort and bloating. The constipation

diary is shown in Appendix 10.

Blood collection

Children attended either New England Pathology (Trial 1) or Hunter Area Pathology
Service (Trial 2) to have blood samples taken at times 1, 2 and 3. Blood was taken
by an experienced paediatric blood collector. Children were offered an Emla

numbing patch before the procedure. Approximately 22 mL of blood was collected
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into a number of specialised vacuette tubes. Samples were analysed by laboratory
staff according to standard procedures and results reported to the referring
paediatrician or general practitioner, paediatric continence nurse and the

researcher.

Faeces

Children provided a faecal sample at times 1, 2 and 3. Participants were advised to
collect a sample of faeces into a faeces collection container and to store until in the
refrigerator until taken to pathology, ideally on the day of collection. Stool
specimens were transported to the pathology laboratory, New England Pathology
(Trial 1) or Hunter Area Pathology (Trial 2) in standard plastic stool containers. A
transport medium (or preservative medium) was not used in this study as
Streptococcus B is not considered to be a delicate organism that might be
negatively affected by the presence of other organisms or loose viability during the

delay of transportation (108).

3.5.3 Qualitative interview at study completion

At conclusion of the Trials, participants’ mothers were invited to participate in a
qualitative debriefing interview. This interview was used to evaluate the feasibility
of following a CMP free diet. Parents were also given the opportunity to debrief over
the experience of participating in the research. The method and procedure for this

study is described in Chapter 6.

3.6 Analysis of Biomarkers

3.6.1 Biochemistry

Blood samples were analysed for full blood count, liver function tests, total IgA,
IgE, 1gG, IgM, ASOT, antiDNaseB, thyroid function test, B12, folate, copper, zinc

and coeliac antibodies at baseline, after the first two week trial period and at the
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conclusion of the final two week trial period. Blood analyses occurred according to
standardised commercial laboratory techniques and equipment by Beckman and

Coulter (109).

3.6.2 Faeces

The presence and approximate quantity of normal gut flora were assessed using the
MacConkey agar while the presence of Enteric Streptococci and Streptococcus B
were found using the horse blood agar (HBA-CAN agar with added colistin) and
nalidixic acid (HBA-CAN), and the Granada or the STRB agar (108). Initially (for the
first six samples), the selective plate was Granada agar but this was later replaced
by a better chromogenic agar (STRB) which has a slightly better performance than
that of the Granada agar. (Note: STRB medium was not available when the study

commenced).

Specimens were processed on the day of receipt. The media were inoculated with
the stool specimen using a swab and streaked out in the usual manner to achieve
single colonies. The plates were then incubated for 24 hours at 35°C before being

examined (108).

Normal bowel flora appears as mixed red lactose positive and colourless lactose
negative colonies on the MacConkey agar, whereas pathogens are identifiable by
colour. An approximate amount of growth was recorded as either absent, low,

moderate or heavy growth (108).

Suspicious pathogenic colonies were sub-cultured to a new blood agar plate,
incubated overnight and examined the next day for characteristics of Streptococcus
B, including an off-white colony with a narrow zone of B-haemolysis and a negative
catalase reaction. The streptococcus grouping test was then performed to confirm
the group as Group B. Finally, an antibiotic susceptibility test was then conducted to

confirm the presence of normal Streptococcus B and to exclude any abnormal
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antibiotic resistance pattern that might exist. Any positive Streptococcus B were
frozen at -70°C for further study if indicated (108). Microscopy was not used as

Streptococcus B resembles many other bowel organisms in a Gram stain.

3.7 Data management

An Access™ data base was purpose built for this study. A research assistant was
employed and trained to enter data. Data was collected and entered into the data

base using the following process:

Medical history data were sent by the paediatrician’s office or the paediatric
continence nurse to the postal address of the researcher and entered into

the data base by the research assistant.

Nutritional assessment data were analysed by the dietitian researcher (EC)

and entered into the data base by the research assistant.

The ‘Constipation Study Patient Diary’ was posted back to the researcher’s
postal address by participant’s parents in reply-paid envelopes, after each
two week condition of the study. Data from the diary was then entered into

the data base by the research assistant.

Blood analyses reports and faecal analyses reports were sent to the dietitian
researcher (EC) by the pathology laboratory and entered into the data base

by the research assistant.

Urine analysis data were forwarded to the dietitian researcher (EC) from the
Dunstan Roberts Laboratory and entered into the data base by the research

assistant.

Data were entered according to the unique identification number for each
participant. They were analysed by the dietitian researcher (EC) after cessation of

each of the trials.
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3.8 Statistical Analysis

Descriptive statistics were calculated, frequencies, range, mean and standard
deviation were reported for each of the outcome variables and correlations between
relevant variables. A linear mixed method analysis of the quantitative data was
conducted to determine the effect of the treatments for the numeric outcome
variables. Repeated measures analysis of variance was also used to compare each
of the conditions, intervention milk 1, the washout period and intervention milk 2.
Verification of this analysis was conducted using contrasts and pair wise

comparisons.

Categorical versions of the numeric variables were also used to statistically
compare the number of bowel motions during the three two-week trial periods for
each study, that is, intervention milk 1, the washout period and intervention milk 2.

The McNemar test for paired observations was used.

For the continuous variables, paired t-tests and non-parametric tests, were used to
statistically compare the number of bowel motions per participant per fortnight on
each of the milk conditions, intervention milk 1 and intervention milk 2. Continuous
variables were checked for normality using measures of skewness and kurtosis.
Given the small sample numbers and the concern that the variables may not have
been normally distributed, non-parametric tests were performed. The Friedman test
and Wilcoxan Ranked Sign were used to verify analysis conducted by the

parametric tests.

The analysis techniques were modified for Trial 2 after consultation with a
statistician. The mixed model analysis was used in place of the repeated measures
analysis of variance to compare the number of bowel motions during the three
study conditions, cow’s milk § casein Al, the washout and cow’s milk B casein A2.
(NB it was unnecessary to reanalyse data from Trial 1 because analysis was

adequately performed using repeated measures analysis of variance in this
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instance). The advantage of this approach was that missing values did not cause a

loss of subjects from the analysis. All cases with values are used by this approach.

Estimated marginal means was used to compare the means of uneven sample sizes
for the biochemical tests so that each significant mean could be considered in
proportion to its sample size. This was necessary since not all participants provided

blood samples for analysis.

The statistics package SPSS™ version 16.0 was used for analysis.

3.9 Summary of Chapter 3

Chapter 3 described the study groups recruited and the methods used for data
collection and analysis for the investigation into the role of CMP in children with

chronic functional constipation described in this thesis, that is,

1. Trial 1, cow’s milk B casein Alversus soy milk, conducted in Tamworth.

2. Trial 2, cow’s milk B casein Al versus cow’'s milk B casein A2 study,

conducted in Newcastle.

Both Trial 1 and Trial 2 required the collection of data from a medical history, a
nutritional assessment, six week constipation diaries, blood, urine and faeces
samples and ended with a qualitative interview. The results of these studies are

reported in Chapters 4 (Trial 1) and 5 (Trial 2) and 6 (qualitative study).
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Chapter 4: Effect of cow’s milk versus soy milk on
chronic functional constipation: results of Trial 1

4.0 Chapter outline

This chapter describes the results of the first crossover trial comparing the effects
of cow’s milk B casein Al with soy milk on chronic functional constipation in
children. This trial is referred to as Trial 1 and was conducted in Tamworth, New

South Wales. The research questions and hypotheses for Trial 1 were as follows:

Research Question 1: Can the results of the lacono and colleagues study of
children with CFC that responds to the replacement of CMP with soy be replicated in

the Australian setting?

1.1 Hypothesis for Trial 1: Constipation would resolve for children with CFC

whilst consuming soy milk and avoiding CMP.

Research Question 3: What are the immunological and biochemical mechanisms

underlying CFC that respond to the removal of CMP in children?

3.1.1 Blood Hypotheses: A description of each of the blood factors monitored and
a hypothesis statement related to each factor and whether they were expected to

change during the trial period is described in Appendix 2.

3.1.2 Faeces Hypothesis: Normal gut flora and Streptococcus B would be absent
or low at baseline (time 1), and would resolve for children during the washout

period and whilst consuming soy milk.

The methods for Trial 1 were described in Chapter 3.
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4.1 Participant characteristics at baseline

4.1.1 Factors related to allergy

Fourteen children were recruited, with one excluded from the study due to a
subsequent diagnosis of coeliac disease leaving 13 participants, six males and
seven females. Participants’ ages are shown as a categorical variable in Table 4.1.
The mean age of participants was 80 months (=38 months) and the range was 16-
144 months. The characteristics, family history and clinical history of these

participants are also shown in Table 4.1.

Approximately a third of participants had a family history of cow’s milk protein
allergy or intolerance. Initial clinical assessment of participants, showed that a
number of participants had symptoms associated with cow’s milk protein allergy or
intolerance, including ear infections and grommets (110) but no previous diagnosis

of CMPA.

Three participants were delivered by caesarean section. Two out of 13 participants’
mothers reported having thrush, Candida Albicans, during pregnancy.

Approximately half of the participants in this study were breastfed.

Three out of 13 participants were reported by parents to have delayed development
in achieving age-related milestones; however, no formal diagnosis of a condition or
syndrome had been made. Nearly half of the families had experienced psychosocial

disruption due to their child’s behaviour, but only two had seen a psychologist.

Several participants had abnormal results for biomarkers at baseline; these data

are shown with the post-intervention data.
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Table 4.1: Characteristics, age, family history and clinical history of 13
participants recruited to the cow’s milk versus soy milk study
Characteristics and history Participants reporting
characteristic of history
N %
Age
<3 years 2 15.3
4-6 years 4 30.7
7-9 years 5 384
10-12 years 2 15.3
Family history of CMPA or CMPI 4 30.7
Personal history of CMPA or CMPI 0 0
Physical symptoms of intolerance to cow’s milk:
Dermatitis, eczema, rhinitis 6 46.1
History of asthma 6 46.1
History of ear infections 9 69.2
Grommets 2 153
History of tonsillitis/ throat infections 5 384
Tonsils removed 1 7.6
Adenoids removed 3 23.0
Gestation and birth characteristics
Maternal thrush during pregnancy 2 15.3
Delivered by caesarian section 3 23.0
Breastfed 6 46.1
Development delayed 3 23.0
Behavioural issues
Consultation with psychologist 2 15.3
Psychosocial disruption of the family 6 46.1
History of recurrent UTI's 3 23.07
Constipation symptoms
Soiling or encopresis 13 100
Abdominal pain 9 69.2
Anal pain 7 53.8
Anal bleeding 3 23.0
Diagnosis of perianal dermatitis 1 7.6
Current symptoms of
Poor appetite 5 384
Nausea or vomiting 5 38.4

4.1.2 Dietary intake at baseline

Results of the nutritional assessment are reported in Figure 4.1. This assessment

identified that some participants were consuming greater than the recommended
number of serves of fruits, vegetables and legumes. Seven out of 13 participants
were consuming greater than the recommended number of serves of milk, yoghurt
and cheese. More than half were consuming red meat less than the recommended
3-4 times per week. All participants were consuming processed foods containing

CMP as an ingredient on a daily basis.
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Australian Guide to Healthy Eating Food Extras - Processed Foods containing
Categories (101) cow’s milk protein as an ingredient
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Exceeded recommended no. of serves for age group

Lower than recommended no. of serves for age group

Consumed processed foods containing milk as an ingredient as described

Did not consume processed foods containing milk as an ingredient as described
CMP = Breads and cereals consumed contained CMP

Figure 4.1: Nutritional Assessment of the diet history of 13 participants using
the Australian Guide to Healthy Eating and showing consumption of processed
foods containing cow’s milk protein as an ingredient.
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4.2 Primary outcome measure: resolution of constipation

Nine participants returned constipation diaries for the study period. The number of
cases of constipation resolution, defined by eight or more bowel motions per
fortnight and the mean number of bowel motions per fortnight under each condition
for participants is shown in Table 4.2. Constipation resolved for all of these nine
participants while on soy milk. During the washout period, when no CMP was
consumed, eight out of the nine participants had a response. However, five also

experienced resolution of constipation on cow’s milk.

Table 4.2: Cases of resolution of constipation and mean number of bowel
motions during a 2 week condition for 9 participants
Bowel Movements and Descriptions Prior to study® Cow's milk Washout? Soy Milk P
N=9 N=83 N=83 N=9
Resolution of Constipation N (%) 0(0) 5(62) 8 (100) 9(100) 0.01%
Bowel motions per fortnight M (SD) 5.1(1.4) 9.9 (4.4) 13.0(5.2) 151(5.0) 0.03*

L Allare constipated to be eligible for trial

*  Wilcoxan Signed Rank Sum

**  Paired T-test

2 The washout period acted as a condition in itself as it was free from all milk and soy protein.

3 The number of participants in each condition is not the same because one participant ceased participation in the
study after having a clinical response on the first condition, soy milk, and did not proceed to the washout or
CMP condition.

The mean number of stools prior to commencing the trial compared with each of

the trial dietary conditions is shown in Table 4.3 for each of the nine participants

with constipation diaries. The mean number of bowel motions increased from
baseline for all participants. The ninth participant could not be included for
statistical analysis because he only participated in the soy milk condition. Using the
Greenhouse-Geisser adjustment, the differences between the three conditions was

statistically significant, F (1.88, 13.1) = 4.58, p = 0.03.



Table 4.3: Number of stools per fortnight at baseline and on each of the study conditions and symptoms of straining, abdominal
pain/discomfort and bloating reported per week by 9 participants
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N - o e | el e vl e | e e B o | s e | ] e e | e o @ ~ T Y P e o | w o o
512 &5 2| 5 g 8|3 = S 8|8 & | 2| 8| s = S 8 5| 8| 8| 8 |s 3
= £ g s | 58 & & D | = | = 5 85|55 D m s 85| & & @
5 S =< < n n =< =< n n =< < n n
&
Condition order: Cow’s milk/Washout/Soy Milk
4 6 15 1 1 - - - - - - 10 0 0 - - - - - - 21 0 0
6 5 12 0 0 0 0 6 2 0 0 15 1 0 0 0 0 1 0 0 29 0 0 0 0 1 2 0
Condition order: Soy Milk/Washout/Cow’s Milk
1 2 13 4 | 5 | 3 1 2 0 0|0 13 | 3 11012 0 0 14 | 4 3 1 0 0 1 0
2 5 5 2 3 6 2% 2 2% 2 2% 9 2 0 1 5 5 4 6 3 9 5 0 7 6 7 7 7
3 6 8 0 17 7 5 6 75 10| 0 0|5 7|6 | 7 7 6 9 2 0 6 6 6 4 3
5 6 4%(7) 4 11 1 0 5 4 5 3 3 3 20 0 0 2 5 2 5 0
7 5 7 2 2 | 46 2 3 0 | 1 1 | 3 12731 2 2 1 | 2 0 7 2 2 2 1
8 2 15 1 25 0 0 0 1 0 2 0 3 19 5 0 0 0 0 0 0
9 6 ] - -1 -7 -1-7T-71T-71- -] -] - - - 270 |0 0/ 0 o0

L = number per fortnight
2 =number during week 1 of the condition
3 =number during week 2 of the condition
* = Participant did not complete the full 2 weeks of this condition due to the reoccurrence of constipation
(N) = Number of days on intervention milk before dropping out
* =Dropped out of the trial after a successful outcome on soy milk
= missing values

Bloating?

o O | O N N O

T9



62

Follow up statistical analysis, using contrasts and pair wise comparisons and a
Repeated Measures ANOVA identified differences in the number of bowel motions
per fortnight between the three conditions, cow’s milk, washout and the soy milk

condition as shown in Table 4.4. The most significant difference in conditions was

between the cow’s milk and soy milk conditions, p=0.02 (Pairwise comparisons)
and p=0.01 (Repeated Measures ANOVA). The number of motions in the washout
period after the soy milk was higher than that in the washout period after the cow’s
milk condition, but was not significantly different. Had there been more
participants, there may have been a significant result. Non-parametric analysis was
also performed to verify the parametric analysis in case lack of normality was
important. The Freidman test for 3 related variables was applied to the number of
bowel motions in each of the three conditions and showed statistical significance,

x?(2) =9.6, p=0.01.

Table 4.4: Differences in the number of bowel motions between the trial
conditions, cow’s milk, washout and soy milk, N=8

Pair Contrasts Pairwise Repeated Wilcoxan Signed
comparison Measures Ranked Test **
ANOVA*
Cow versus washout 0.09 0.09 0.13 0.25
Cow versus soy - 0.02 0.01 0.17
Washout versus soy 0.31 0.31 0.29 0.588

Missing value due to not all conditions being completed by all participants
*  Wilcoxan Signed Ranked Test
** Wilcoxan Signed Ranked Test without participant 5

The number of motions for each subject during the cow’s milk versus the soy milk

condition for each participant is plotted below in Figure 4.2. The line of no change,

that is, the point at which the number of motions during the cow’s milk condition
equals the number of motions during the soy milk condition is shown. All nine
participants had a greater number of motions in the soy condition versus the cow’s
milk condition. Participant number 5 had an unusually high number of bowel
motions per fortnight during the soy condition compared with the cow’s milk

condition. Participant 5 was removed from the data set and the data was
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reanalysed using repeated measures ANOVA as above. Results were now not
statistically significant, p = 0.62. This analysis showed that participant 5 had an
influential effect on previously conducted analysis reaching statistical significance.
Without this participant there would be no difference between the groups, cow’s
milk, washout and soy milk. However, the tests were repeated using non-
parametric analysis with all subjects, p = 0.008, with the Repeated Measures
ANOVA, because lack of normality was important with this number of participants,
without participant 5. Results were then statistically significant, p = 0.02. As non-
parametric methods are not as strongly influenced by very different observations,
the change in the p value from the significance of p = 0.008 to 0.2 was not as

severe as for the parametric method.

257

Line of no change

20

15 4
£
2
8
g
. 10
=
(@]
&)
.
T T T T T
5 10 15 20 25
Soy - motions/fn
Figure 4.2: Total number of bowel motions per fortnight during the soy condition

versus the cow’s milk condition

--- shows a 3.7 unit shift towards soy
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Follow up analyses using the Wilcoxan signed rank tests (for 2 related samples-
paired t test equivalent) showed that the significant difference found with the
Friedman test (for 3 or more related samples — Repeated Measures ANOVA
equivalent) was due to the difference between soy and cow. This held for both

analyses, with and without subject 5. See Table 4.4 for p values.

Stool Form and symptoms of constipation

Participants recorded stool form classified as type 1 through to 7 (see Appendix
10). Types 1 (separate hard lumps like nuts, hard to pass, result of slow transit), 6
(fluffy pieces with ragged edges, a mushy stool) and 7 (watery, no solid pieces,
result of fast transit time) were considered abnormal. The number of abnormal

stools for each participant during each condition is recorded in Table 4.3. Six out of

the nine participants reported abnormal stools in the first week of the study. Five of
these six participants commenced on the soy condition and the number of abnormal
stools decreased in week 2. The other participant commenced on cow’s milk and
reported abnormal stools for the duration of the first condition. This suggests that
first week of the soy condition acted as a washout period for CMP making the
second week of results more reflective of the true effect of soy. Similarly, the most
frequent straining and abdominal pain were recorded during the first week of soy as
the first condition for seven participants. Six out of nine participants reported an

increase in the number of abnormal stools on the cow’s milk compared to soy milk.

Only one participant recorded severe pain, grade 3, during the study and this was
during the cow’s milk condition. Bloating was recorded equally frequently during the

cow’s milk and washout conditions and slightly less often during the soy period.

Microbiology of stool samples

Seven out of 13 participants (54%) had a low level of normal gut flora independent

of milk condition. This result confirms the importance of adequate numbers of gut
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flora for regularity of bowel motions (83). No identifiable change was reported in
gut flora numbers in these participants within the time period of the trial.
Streptococcus B was not identified in the faeces of any participants. Streptococcus

B is usually identifiable in the bowel motions of non-constipated individuals (108).

4.3 Biochemistry

Eleven participants provided blood samples at one or more of the time periods,
baseline (pre trial), time 2 (after condition 1) or time 3 (after condition 2).
Abnormalities were detected in biochemical and immunological tests and a mixed

model analysis of results for all 11 participants are shown in Table 4.5.

There was a high prevalence of abnormal readings at baseline independent of
dietary condition. Four participants had liver enzyme abnormalities. High platelet
levels were found in seven participants. Low haematocrit levels were identified in
two participants. Three participants recorded high copper levels. In five participants
ASO titre was detected and in 10 participants AntiDNase B was detected,

confirming the presence of a current or chronic Streptococcus B infection.

There were statistically significant differences according to milk condition for a
number of variables: platelets, monocytes, eosinophils and 1gG. According to
Estimated Marginal Means, platelets were significantly lower between the pre trial
condition and after the cow’s milk condition, p = 0.02. Monocytes were significantly
higher between the soy condition and the cow’s milk condition, p = 0.01. IgG was
significantly lower between time 1 (baseline) and after the cow’s milk condition, p =
0.03, and between the soy and cow’s milk conditions, p<<0.001. Elevated levels of
eosinophils were approaching significance between the pre trial condition and after
the cow’s milk condition, p = 0.08. No other variables differed significantly by the

dietary trial.



Table 4.5: Mixed model analysis of blood and serum measures on the trial conditions for N=11 participants

Mean (N) N (condition)
B=baseline, C = cow’s milk
condition, S = soy condition

Laboratory tests and Units Reference range Range Min-Max Pre trial Soy Cow Low High F Statistic P Value (EMM)*
Hemoglobin g/L (115-135) 116-151 134 (11) 134 (9) 133(6) O 0 F(8.3,6.3)=0.0 0.9
White cells 109/L (5.5-15.5) 4.0-24.8 9.5(11) 8.0(9) 75(6) 1(C) 2(P) F(9.4,8.2)=05 0.6
Platelets 109/L (150-400) 139-489 359 (11) 362 (9) 278(6) 1(C) 7(4P, 3S) F(9.3,5.7)=6.7 0.0*

(0.09)
Red cell count 1012/L (3.90-5.3) 3.9-54 4.8(11) 48(9) 44(6) 1(C) 3(P,C,9) F(10.4,6.6)=0.4 0.7
Haematocrit L/L (0.340- 0.4) 0.3-04 0.4 (12) 0.4(9) 04(6) 2(B,C) 0 F(8.5,6.4)=0.0 0.9
Neutrophils 109/L (1.5-8.5) 1-13 4.7 (11) 3.7(9) 2.7(6) 4(2B,2C) 0 F(6.9,8.3) = 1. 0.3
Eosinophils 109/L (<0.6) 0.1t00.8 0.3 (10) 0.3(9) 0506) 0 3(P,2C) F(8.8,7.0)=55 0.1*

(0.1°)
Monocytes 109/L (0.1-1.2) 0.1-1.2 0.4 (10) 0.6 (9) 04(6) O 1(S) (7.4,83)=6 0.0*

0.00
B12 pmol/L (135-600) 151-619 330 (11) 361 (9) 321(6) O 2(P,S) F(9.1,6.5) =04 0.7
RC Folate nmol/L (135-600) 509-1602 1031 (10) 1099 (9) 988(6) O 0 F(8.6,5.8) = 1.01 0.4
Urea mmol/L (2.5-6.0) 1.3-8.6 54 (11) 4.71(9) 436) 1(C) 6 (3P, 2C, S) F(11.0,6.9)=2.0 0.2
Creatinine umol/L (40-70) 0-66 43.3(11) 435(9) 431(6) 6(3B,2C,S) 0 F(9.0,6.0)=0.0 1.0
Total protein g/L (59-78) 63-83 70.6 (11) 722(9 709(6) O 1(S) F(7.7,74)=04 0.7
Albumin g/L (28-41) 37-53 42.9 (11) 434(9) 4276) O 25(11P,9S,5C)  F(104,5.9)=0.1 0.9
Liver enzymes GGT U/L (<16) 6-28 10.7 (11) 10790 117() 0 4 (P, 25, 1C) F(10.4,4.9)=1.6 0.3
Alkaline Phos U/L (86-315) 100-1818 348 (11) 234(9) 347(6) 0 2(P,9) F(6.7,4.27)=3.6 0.7
ALT UL (1-20) 1-236 21.4(11) 35.7(9) 29(5) 0 6 (3P, 25,1C) F(9.7,5.3)=0.8 05
AST UIL (1-45) 12-90 25.7 (11) 29309 262(5) 0 2(P.S) F(39.5,5.7)=0.4 0.7
Copper umol/L (11-25) 14-30 19.9 (11) 209(8) 199(6) O 3(2P, S) F(8.1,6.2)=0.3 0.7
Zinc (RBC) umol/L (10-18) 9-15 132 (11) 139 (9) 140(5) 2(B,C) 0 - -
Zinc (Serum) mol/L (150-260) 88-198 12.4 (11) 12.3(9) 94(5) 12(3B,6S,3C) 0 F(1.5,5.6)=2.6 0.2
ASO titre n/a (<170) 85-510 153 (11) 91.6 (8) 179(6) O 5(2P,3C) F(6.2,5.6) = 1.4 0.3
AntiDNaseB n/a (<60) 60-1360 183 (11) 415(9) 276(6) O 10(4P,3S, 3C) F(3.48, 3.64) = 0.2
Serum IgA g/L (0.3-15) 05-1.9 1.1(10) 1.1(6) 17(5) 0 0 F(@8.9,32)=1 4 0.4
Serum IgG g/L (4.4-11.0) 5.6-14.0 9.4 (10) 10.1(6) 11.2(6) 1(B) 0 F(626 382, 153 506) = 4.30 0.0*

(0.02)

(0.00)
Serum IgM g/L (0.4-1.7) 0.7-2.8 1.4 (10) 1.5 (6) 18(5) 0 2(PC) F(5.9,38)= 03
Serum IgE IU/mL (<2-80) 11-852 176 (9) 155 (6) 1454) 0 3(P) F(31888, 14.6) = 0.3

= A mixed model analysis could not be performed for some variables due to numerous missing values. = ¢ = Approaching significance between pre trial and cow's milk

= Estimated Marginal Means was performed if p value was significant or approaching significance
a = Significant between pre trial and cow's milk
b = Significant between soy and cow’s milk

99
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4.4 Discussion

This study examined children with CFC who at baseline had symptoms associated
with CMP allergy or intolerance or a family history of symptoms such as asthma and
recurrent ear infections which may have indicated the need for dietary assessment
of the constipation (110). All children recruited to the study were passing less than
eight bowel motions per fortnight at baseline. There was a high prevalence of
abnormal biochemical and immunological readings for participants at baseline.
These will be discussed with along with those found for Trial 2 in Chapter 7. Faecal
analysis showed a low level of normal gut flora in half of all participants.
Streptococcus B was not found to be present in any of the participant faecal
samples. It can be suggested that lack of Streptococcus B may be a simple
pathology test of faeces samples to identify children with CFC who may respond to
the removal of CMP from the diet. Further investigation with larger numbers is

required to confirm this possibility.

Assessment of participants’ dietary intakes showed that many participants were
consuming greater than the recommended number of serves of milk, yoghurt and
cheese. The response of children being drawn to the foods that cause them a
problem has been shown in other studies (111). All participants were consuming
processed foods containing CMP as an ingredient on a daily basis. This would have

contributed to the total amount of dietary CMP consumed.

The results confirm the hypothesis that, children in the Australian setting with CFC
that is unresponsive to the usual treatments will respond to the removal of CMP
from the diet. Removal of CMP from the diet provided a statistically significant
response between the soy and cow’s milk condition. One hundred percent of
participants experienced resolution of their CFC on soy milk, compared with 68% in
the study by lacono and colleagues (3). However, in 62% of subjects the

constipation was resolved while none of the children in lacono and colleagues study
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reported a response during the cow’s milk condition (3). However, the lacono and
colleagues study was not completely CMP free for the entire duration of the study.
During the one-week washout period, children were allowed to consume an
unrestricted diet, including cow’s milk and soy milk and their derivatives, and the
number of bowel motions during this period was not reported by the researchers.
This difference in dietary condition may explain the different results between the

two studies.

For this trial, participants were required to consume a CMP free diet for its six week
duration. This may have decreased the total amount of CMP consumed in
comparison to participant’s pre-trial diet (even with the extra 400 mL for the cow’s
milk condition). This suggests that there may be a threshold to the amount of CMP
that can be tolerated, above which constipation occurs. This dose-related response
is typical of food intolerances rather than food allergy which elicits an immediate

response from a small amount of the food allergen (112).

The most significant difference in mean stool numbers involving dietary conditions
was between the cow’s milk and soy dietary conditions. Had there been a larger
number of participants, the other dietary conditions may have reached statistical
significance. Reanalysis of the data using non-parametric analysis confirmed
statistical significance even after removal of the outlying participant. One
participant in nine may be a typical population response, that is, 10% of the

population will respond unusually.

For the majority of participants, stool form which is indicative of transit time (104),
normalised or improved during the washout period (free of cow’s milk and soy
milk). For seven out of nine participants the washout followed the soy milk
condition as a result of the randomisation at the beginning of the trial. This could
have been avoided with a two week CMP free washout period prior to

commencement of the study. It might be that the longer cow’s milk has been
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removed from the diet, the greater the improvements to stool form and transit
time. The number of abnormal stools increased during the cow’s milk trial for two
thirds of participants. It may not have increased for the other third due to poor
reporting of stool form by participants which is very subjective, or these children

may have had no adverse effects of CMP.

The strengths of this trial have been identified. The crossover design method with
subjects being their own controls is an advantage. The two-week washout period
free from cow’s milk and soy milk and their derivatives, in comparison with the
lacono and colleagues study, removed any physiological effects of the previous
intervention milk. Maintaining a record of bowel outcome measures during the

washout period allowed this period to be considered as a dietary condition.

A number of limitations have been identified. The children and their parents were
aware of the differences in type of milk during the trial, via both taste and labelling,
which may have had a positive psychological effect on some participants’
constipation if they believed cow’s milk to be a possible cause. Psychological factors
have been frequently suggested as a cause of constipation (3, 113, 114). This
limitation was overcome in Trial 2 which allowed double blinding. Another limitation
is that the immunological and biochemical of variables may have needed more than
two weeks to change significantly. The random assignment of participants by the
research assistant to intervention milk was not even in the final participant
population, 2 participants commenced on cow’s milk 3 casein A1 and 7 commenced
on soy. This assignment was done as each participant consented and commenced
the study. This would have been more evenly distributed had the trial had more
participants. For at least one participant commencing on soy and achieving a
resolution of constipation resulted in a withdrawal from the study half way through

so the commencing milk affected the research process, if not the results.
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4.5 Summary of Chapter 4

The results of Trial 1, cow’s milk casein Al versus soy milk confirm the hypothesis
that children in the Australian setting with CFC unresponsive to the usual
treatments respond to the removal of CMP from the diet. One hundred percent
experienced resolution of their constipation during the soy milk condition compared
with 68% experiencing resolution during the soy milk condition in the lacono and
colleagues study. The fact that five out of eight children also reported a response
during the cow’s milk condition in this study suggests that a threshold is occurring
whereby they are able to tolerate some CMP before the symptom of constipation

appears.

The results in this trial pose an important question, ‘what is it about CMP that is
causing the symptom of constipation?’ It was hypothesised that cow’s milk B casein
Al may be the culprit in chronic functional constipation due to anecdotal reports
that people unable to tolerate cow’s milk B casein Al could tolerate cow’s milk 3
casein A2. This hypothesis was investigated in Trial 2, cow’s milk casein B Al

versus cow’s milk 3 casein A2. The results of this study are shown in Chapter 5.
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Chapter 5: The effect of cow’s milk B casein Al
versus cow’s milk B casein A2 on chronic functional
constipation: results of Trial 2

5.0 Chapter outline

This chapter describes the results of a double blind crossover trial comparing the
effects of cow’s milk B casein A1l with cow’s milk B casein A2 on chronic functional
constipation in children. This trial is referred to as Trial 2 and was conducted in
Newcastle, New South Wales. The research questions and hypotheses for Trial 2

were as follows:

Research Question 2: What effect does cow’s milk B casein A1 and cow’s milk 8

casein A2 have on CFC in children who do not respond to traditional treatments?

2.1 Hypothesis for Trial 2: Constipation would resolve for children whilst
consuming cow’s milk casein A2 and whilst avoiding all sources of A1 cow’s milk

protein.

Research Question 3: What are the immunological and biochemical mechanisms

underlying CFC that responds to the removal of CMP in children?

3.2.1 Blood Hypotheses: A description of each of the blood factors monitored and
a hypothesis statement related to each factor and whether they were expected to

change during the study period is described in Appendix 2.

3.2.2 Faeces Hypothesis: Normal gut flora and Streptococcus B would be absent
or low at baseline (time 1), and would resolve for children during the washout

period and whilst consuming cow’s milk § casein A2.

The methods for Trial 2 were described in chapter 3.
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5.1 Participant characteristics at baseline

5.1.1 Factors related to allergy

Forty participants were recruited, with one excluded from the study due to a
subsequent diagnosis of coeliac disease leaving 39 participants, 25 males and 14

females. Participants’ ages are shown as a categorical variable in Table 5.1. The

mean age of participants was 67 months (£35months) and the range was 21 to

143 months. The characteristics, family history and clinical history of these

participants are also shown in Table 5.1.

Some participants reported a family history of cow’s milk protein allergy or
intolerance. Initial clinical assessment of participants showed that a number had
symptoms associated with cow’s milk protein allergy or intolerance, including,
asthma, ear infections and grommets (110) but only three of these participants had

been diagnosed with cow’s milk protein allergy or intolerance.

Eleven participants were reported by parents to have delayed development in
achieving age related milestones; however, no formal diagnosis of a condition or
syndrome had been made. Psychosocial disruption of the family due to their child’s

behaviour was reported by 17 families.

As for Trial 1, there was a high prevalence of biomarker abnormality in the
participants at baseline, which will be discussed together with the intervention

results below.
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Table 5.1: Characteristics, age, family history and clinical history of 39
participants recruited to the cow’s milk casein Al versus cow’s milk casein A2
study
Characteristics and history Participants reporting
characteristic of history
n %
Age
<3 years 10 25.6
4-6 years 19 48.7
7-9 years 6 15.3
10-12 years 4 10.2
Family history of CMPA or CMPI 7 17.9
Personal history of CMPA or CMPI 3 7.7
Physical symptoms of intolerance to cow's
milk:
Dermatitis, eczema, rhinitis 20 51.3
History of asthma 16 41.0
History of ear infections 9 231
Grommets 2 5.1
History of tonsillitis/throat infections 4 10.2
Tonsils removed 2 51
Adenoids removed 3 7.7
Gestation and birth characteristics
Maternal thrush during pregnancy 4 10.3
Delivered by caesarean section 8 20.5
Breastfed 12 30.7
Development delayed 11 28.2
Behavioural issues
Consultation with psychologist 6 15.4
Psychosocial disruption of the family 17 43.6
History of recurrent UTI's 9 23.1
Constipation symptoms
Soiling or encopresis 25 64.1
Abdominal pain 28 71.8
Anal pain 27 69.2
Anal bleeding 14 359
Diagnosis of perianal dermatitis 8 20.5
Current symptoms of
Poor appetite 22 56.4
Nausea or vomiting 8 205

5.1.2 Dietary intake at baseline

Results of the nutritional assessment are reported in Figure 5.1. This assessment

identified that some participants were consuming greater than the recommended
number of serves of fruits, vegetables and legumes. Seventeen out of 39
participants were consuming greater than the recommended number of serves of
milk, yoghurt and cheese. More than half were consuming red meat less than the
recommended 3-4 times per week. All participants were consuming processed foods

containing CMP as an ingredient on a daily basis.
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Nutritional Assessment of the diet history of 39 participants using
the Australian Guide to Healthy Eating and showing consumption of processed
foods containing cow’s milk protein as an ingredient.



75

5.2 Primary outcome measure: resolution of constipation

Twenty-six participants returned constipation diaries for the study period, however,
one participant did not complete the full two weeks of any of the three conditions
due to the reoccurrence of constipation after commencing with the cow’s milk B
casein Al. This participant was not included in any statistical analysis. The number
of cases of constipation resolution, defined by eight or more bowel motions per
fortnight and the mean number of bowel motions per fortnight under each condition

for participants is shown in Table 5.2. The washout period acted as a condition in

itself as it was free from all milk and soy protein.

Table 5.2: Cases of resolution of constipation and mean bowel motions during a
2 week condition for 25 participants
Mean (SD)
Milk condition Pre trialt Cow’s milk B Washout? Cow’s milk 8
casein Al casein A2
N=26 N=223 N =233 N = 253
Resolution of Constipation N (%) 0(0) 14 (64) 18 (78) 16 (64)
Bowel motions per fortnight Mean (SD)  4.42 (1.55) 10.05 (5.75) 10.43 (5.05) 10.56 (5.24)

1 All are constipated to be eligible for trial

2 The washout period acted as a condition in itself as it was free from all milk and soy protein.

3 The number of participants in each condition is not the same because some participants ceased participation
in the study after the various conditions

The highest observed resolutions, 18 (78%) participants, occurred during the
washout period, when no cow’s milk protein was being consumed. There was no
difference in the mean number of bowel motions per fortnight, although there was

a tendency to a higher number for the cow’s milk B casein A2 condition.

Mean number of stools prior to commencing the trial compared with each of the
trial dietary conditions is shown in Table 5.2 for each of the twenty-five participants

with constipation diaries. The mean number of bowel motions increased from

baseline for all participants.
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Number of stools per fortnight at baseline compared with each of the study conditions and symptoms of straining,

abdominal pain/discomfort and bloating reported by participants with condition order A2, washout, A1, N

Table 5.4:
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A comparison of the number of resolutions during the cow’s milk B casein Al and

cow’s milk B casein A2 conditions is shown in Table 5.5.

Table 5.5: Clinical outcomes for participants who completed all 3 conditions:
cow’s milk B casein Al condition compared with the cow’s milk B casein A2
condition, N=21.

Cow’s milk casein A2
Less than 8 More than 8 Row Total
motions motions
Cow’s milk B Less than 8 3 6 9
casein Al motions
More than 8 3 9 12
bowel motions
Column Total 6 15 21

From the total column in Table 5.5, twelve participants (57%) had an improved

number of bowel motions on cow’s milk B casein Al. From the row total, fifteen
participants (71%) improved on cow’s milk B casein A2. However, because each
participant participated in both conditions in the study there is more to be

understood about Table 5.5. Examining the results jointly, that is, for the A1 and

A2 conditions together, three participants (10%) did not resolve during either the
cow’'s milk B casein Al or cow’'s milk B casein A2 conditions. Nine participants
(43%) resolved under both conditions. Further, six (29%) participants resolved on
A2 but did not resolve on cow’s milk B casein Al (four out of these six commenced
on A2). Three (14%) did not resolve on cow’s milk  casein A2, but did resolve on
cow’s milk B casein Al (two out of the three commenced on Al). It is these last two
cells that provide the information as to whether A2 differs from Al and is assessed
using the McNemar test for paired categorical data. Based on this analysis, the
percentages that resolved on cow’s milk B casein A2, 15 participants (71%) and
cow’s milk casein Al, 12 participants (57%), were not significantly different, p=

0.51.

The resolution rate was highest during the washout condition at 81%, when no CMP

was consumed at 81%. The results for all three conditions are summarised in Table
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5.6. The testing of the differences is by the McNemar test as described in the Table
5.5, but the details of the paired tables have not been provided. The difference

between washout and the two milk conditions was not significant, for cow’s milk 3

casein Al p=0.12 and for cow’s milk casein A2, p=0.62.

Table 5.6: Percentage of participants with constipation resolved for the three
conditions, cow’s milk casein Al, washout condition and cow’s milk casein Al,
N= 21

Percent resolved Mean (SD)
Cow’s milk casein Al 57 0.57 (0.507)
Cow's milk casein A2 71 0.71(0.463)
Washout 81 0.81(0.402)

Table 5.6 shows a higher percentage resolution on cow’s milk B casein A2 than

cow’s milk B casein Al, but the results were not statistically significant.

The data for the 21 participants who completed all three dietary conditions were
also analysed using the number of motions per fortnight. A mixed model analysis
was conducted using a grouping variable comprising the three experimental
conditions (A1, A2 and washout) as the explanatory factor and an unstructured
covariance structure within subject residuals. There was no statistical significance
between the three conditions, cow’s milk f casein Al, washout and cow’s milk

casein A2, F (2, 39.2) = 0.90, p = 0.42.

In summary, there was no statistical significance found between the three
conditions. As neither of the two conditions was demonstrably different, nor
different to washout, it appears participating in the trial was the most important
effect, raising the percent resolved from 0% prior to the trial to an average level of

(57+71+82)/3 = 70% over the 6 weeks of the study.

Stool form and symptoms of constipation

The number of abnormal stools for each participant during each condition is
recorded in Table 5.4. Twenty-two out of 26 participants recorded abnormal stool

forms during the six week trial. Those consuming cow’s milk B casein A2 in the first
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two weeks reported more abnormal stool forms and there were more abnormal
stool forms recorded in first week of the dietary condition than the second week of
the condition. Participants consuming cow’s milk B casein Al in the first two weeks
reported more occasions of abnormal stool forms than in the washout condition and
the cow’s milk B casein A2 condition. Symptoms lessened as the trial progressed.
Thirteen out of 21 participant’s symptoms of straining, abdominal pain and bloating
decreased as the six week trial progressed from week 1 to week 6, independent of
the condition. Symptoms remained equal for three out of 21 participants

independent of trial milk.

Microbiology of stool samples

Analysis showed that eight out of 39 participants (20.5%) had a low level of
normal gut flora. Streptococcus B was not identified in the faeces of any of the 39

participants.

Blood results

Thirty-three participants provided blood samples at one or more of the time
periods, baseline (time 1), time 2 or time 3. Abnormalities were detected in
biochemical and immunological tests for all participants. The mean (SD) values and

results of a mixed model analysis are shown in Table 5.7.

There was a high prevalence of abnormality at baseline. Seventeen participants had
liver enzyme abnormalities. High platelet levels were found in 14 participants, low
haematocrit levels in 12 participants and high albumin levels in the thirty
participants who had it tested. Twenty-one participants recorded low red blood cell
zinc levels. Zinc levels were shown to improve for participants during the trial. In
seven participants ASO titre was detected and in nine participants AntiDNase B was

detected, confirming the presence of a current or chronic Streptococcus A infection.
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There were statistically significant differences for urea, creatinine, total protein, ALT
and AST. Estimated Marginal Means was used to test statistical significance. Urea
was significantly different due to an increase between the pre trial condition and
after the cow’s milk casein A2 condition, p<0.001l. Creatinine was significantly
lower between the pre trial condition and after the cow’s milk casein A2 condition,
p<0.001. The liver function enzymes, ALT and AST were significantly increased
between the pre trial tests and after the cow’s milk 8 casein Al condition, p<0.001.

No other variables differed significantly by the dietary trial.



Table 5.7:

Results of mixed model analysis for the trial conditions and abnormal blood and serum for N= 33 participants

Mean (N) N (condition)
B= baseline, Al= Al condition,
A2= A2 condition
Laboratory tests and units ~ Reference range  Range Min-Max  Pre trial Al A2 Low High F Statistic P Value (EMMX*
Hemoglobin g/L (115-135) 97-144 121.6(31)  1225(13)  120.4(16)  9(5B,A1,3A2) 0 F(11.6,10.5=0.7 05
White cells 109/L (5.5-15.5) 38133 8.6(31) 8.2(13) 7.4(16) 4(B,A1,A2) 0 F(19.4,138)=19 0.2
Platelets 109/L (150-400) 175-560 355.3(31) 346.9(13) 304.3(16) O 18(10B,5A1,3A2)  F(14.9,12.9=16 0.2
Red cell count 1012/L (3.90-5.30) 3255 4.4(31) 4.4(13) 4.3(16) 4(2B,2A2) 1(B) F(9.89.4)=2.4 0.1
Haematocrit L/L (0.340-0.40) 0.3-0.4 0.4(31) 0.4(13) 0.4(16) 16(8B,A1,4A2) 0 F(12.412.8=12 0.3
Neutrophils 109/L (1.5-8.5) 0574 3.7(31) 3.6(13) 3.1(16) 3(3B) 0 F(16.9,12.3)=19 0.2
Eosinophils 109/L (<0.6) 0.0-1.0 0.3(31) 0.3(13) 0.2(16) 0 6(4B,A1,A2) F(20.4,15.8)=16 0.2
Monocytes 109/L (0.1-11) 0.0-1.2 0.5(31) 0.5(13) 0.5(16) 0 3(B,A1,A2) F(17.413.2=03 0.8
B12 pmol/L (135-600) 0-850 333.0(31) 3525(13)  357.4(16) 1(B) 4(2B,A1,1A2) F(19.513.5)=04 0.7
RC Folate nmol/L (135-600) 180-2011 1011.4(31) 9825(13)  1002(16)  1(B) 6(5B,1A2) F(16.9,15.7)=0.1 0.9
Urea mmol/L (2.5-6.0) 2.9-84 5.5(33) 4.8(12) 4.8(16) 0 11(7B,2A1,2A2) F(21.6,16.7)=5.0 ~ p<0.001*
p<0.0012
Creatinine umol/L (40-70) 14-53 38.2(33) 34.9(12) 34.6(16) 38(22B,8A1,82) 0 F(17.3149=34 0.1*
0.1a
Total protein g/L (59-78) 62-80 70.4(33) 72.7(12) 71.7(16) 0 0 F(19.515.4)=27 0.1
Albumin g/L (28-41) 35-50 42.0(33) 41.7(12) 42.2(16) 0 56(32B,12A1,12A2 F(12.9,12.0)=0.3 0.7
Liver enzymes F(19.5,14.5)=05 0.6
GGT UIL (<16) 1-18 10.5(33) 9.7(12) 10.5(16) 0 8(5B,3A2)
Alkaline Phos U/L (86-315) 116-524 239.9(33) 235.6(14) 2417(14) O 4(2B,A1,A2) F(21.4,13.8)=04 0.6
ALT UL (1-20) 10-52 21.6(33) 18.0(14) 19.6(14) 0 8(7B,A2) F(13.9,14.4)=4.9  p<0.001*
p<0.001°
AST UL (1-45) 16-58 31.0(33) 28.5(14) 29.4(14) 0 1(A2) F(20.6,15.4)=25 0.1*
p<0.001°
Copper umol/L (11-25) 0-27 17.8(33) 16.5(14) 18.3(14) 1(B) 0 F(12.1,10.6)=09 04
Zinc (RBC) umol/L (10-18) 0-192 127.3(33) 1295 120.6(14)  14(10B,2A1,2xA2) 0 F(18.4,17.1)=02 0.9
Zinc (Serum) mol/L (150-260) 8-18 11.4(33) 12.1(14) 12.0(14) 41(20B,11A1,10A2 0 F(17.6,16.5=16 0.2
ASO titre nfa (<170) 80-510 92.8(33) 107.6(14) 129.8(14) O 10(5B,A1,4A2) F(16.8,14.9=14 0.3
AntiDNaseB n/a (<60) 60-2720 3229(33) 2436(14) 272.3(14) O 16(8B,3A1,5A2) F(20.9,14.8)=0.6 0.6
Serum IgA g/L (0.25-1.52) 0.24-170 1.0(33) 26.8(14) 1.0(14) 8(6B,2A2) 3(3A1) F(14.1,141)=17 0.2
Serum IgG g/L (4.44-11.90) 0.69-12.7 8.8(33) 8.2(12) 9.1(16) 2(2B) 0 F(19.4,14.6)=14 0.3
Serum IgM g/L (0.41-1.86) 0.4-9.6 1.1(33) 1.6(12) 1.1(16) 3(1B,A1,1A2) 2(A1,A2) F(16.0,14.2=05 0.6
Serum IgE 1U/mL (<2-80) 1-2153 122.9(33)  96.3(12) 107.2(16) 0 11(6P,2A1,3A2) F(21.1,147)=12 03

a = Significant between pre trial and cow's milk § casein A2
* = Estimated Marginal Means was performed if p value was significant or approaching significance

b = Significant between pre trial and cow's milk  casein A1

Z8
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5.3 Discussion

This study examined children with CFC many of whom at baseline reported
symptoms associated with or had a family history of cow’s milk protein allergy with
cow’s milk protein allergy or intolerance, including, asthma, ear infections and
grommets (110) Only three of these participants had been diagnosed with cow’s
milk protein allergy or intolerance. All children recruited to the study were passing
less than eight bowel motions per fortnight. There was a high prevalence of
abnormal biochemical and immunological findings for participants at baseline.
These will be discussed in conjunction with those found for Trial 1 in Chapter 7 as
there were similarities in the findings between the two studies. There were no
distinguishable trends in more than a few participants who showed improvement
during the trial period. This may have been because many participants provided
only the baseline blood sample. Faecal analysis showed a low level of normal gut
flora in some participants and lack of Streptococcus B in all participants. The
presence of normal gut flora is essential for normal gut transit time and the
prevention of constipation (83). Streptococcus B is usually present in the bowels of
healthy individuals (108). It is suggested that the lack of Streptococcus B may be a
simple pathology test of faeces samples to identify children with CFC who may
respond to the removal of CMP from the diet. Further investigation with larger

numbers of participants is required to confirm this possibility.

Many participants were consuming greater than the recommended number of
serves of milk, yoghurt and cheese at baseline. The response of children being
drawn to the foods that cause them a problem has been shown in other studies
(111). All participants were consuming processed foods containing CMP as an
ingredient on a daily basis. This would have contributed to the total amount of

dietary CMP consumed.
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The results disproved the hypothesis that constipation would resolve for children
whilst consuming cow’s milk B casein A2 and whilst avoiding all sources of cow’s
milk protein. However, the number of bowel motions increased in each of the
conditions, in comparison to the number of motions reported prior to the study for
all participants. Removal of CMP from the background diet increased the number of
bowel motions for participants: cow’s milk B casein Al (64%), cow’s milk B casein
A2 (64%) and the washout condition (78%) in comparison to the number of bowel
motions prior to the study. Although there was an increase in the number of bowel
motions, results were not statistically significant unlike Trial 1 that was statistically
significant despite its small number of participants. This lack of statistical
significance is due to the closeness in number of participants who reported a

response in the three conditions.

The fact that for many of the children the number of bowel motions increased
during the three dietary conditions, cow’s milk B casein Al condition, the washout,
and the cow’s milk B casein Al condition in comparison to their background diet
prior to the trial suggests that a threshold is occurring. Children were consuming
much less CMP during the trial than their previous diets. Children are able to
tolerate some CMP before the symptom of constipation appears. As occurred in Trial
1, this suggests that it could be a food intolerance reaction occurring or there is

some other component in cow’s milk that is causing the problem in these children.

All participants reported more occasions of abnormal stool in the first two weeks of
the trial despite whether they started on cow’s milk B casein Al or cow’s milk f3
casein A2 condition. Participants’ symptoms of straining, abdominal pain and
bloating also decreased as the trial progressed. Symptoms all lessened as the trial
progressed. This may have been due to a carryover effect from the pre trial diet
since it takes seven to eight days to clear cow’s milk protein and its influence from
the body (39). The longer that cow’s milk has been decreased in the diet, the

greater the improvements to stool form and other abdominal symptoms.
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A strength of this trial is the crossover design with subjects being their own
controls. Another strength is the two week washout in between the two intervention
milks to clear any physiological or psychological effects of the first intervention milk
before commencing the second intervention milk. The double blind study design is
also a strength of the study. This prevented any psychological bias participants may
have toward one intervention milk or the other. Psychological factors have been
frequently suggested as a cause of constipation (4, 113, 114). It also prevents any
bias by the researcher towards the trial results from participants on one type of

milk intervention.

A number of limitations have been identified. A washout period prior to
commencement of the trial would have been beneficial for more accurate results
and remove any effects of the background diet. Longer periods on the intervention
milk may have shown more changes in immunological and biochemical variables.
However, this would have increased participant burden further. The random
assignment of participants by the research assistant to intervention milk was not
even, 11 commenced on cow’s milk B casein A1 and 15 commenced on cow’s milk 3
casein A2. This may have been more evenly distributed had the diet continued for a
longer period of time however, it was necessary to close of the trial due to time

constraints.

5.4 Summary of Chapter 5

In this Chapter the results of Trial 2, cow’s milk B casein Al versus cow’s milk B
casein A2 were presented. The results of this trial disproved the hypothesis that
constipation would resolve for children during the washout period and whilst
consuming cow’s milk B casein A2. Even though the number of stools reported by
participants increased in comparison to prior to commencement of the trial, there
was no statistical significance between the conditions cow’s milk B casein Al,

washout and cow’s milk B casein A2. The fact that the number of bowel motions
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improved for participants in comparison to the pre-trial diet suggests that it is not
an allergic reaction occurring but an intolerance. These children are able to tolerate

some CMP before the symptom of constipation appears.

Chapter 6 describes the qualitative study that was conducted with participants at
the conclusion of Trial 1 and Trial 2. This study examines the experiences of

families whilst being on a cow’s milk free diet and being involved in a dietary trial.
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Chapter 6: Maternal experiences of applying a CMP
free diet: a qualitative exploration

6.0 Chapter outline

In this chapter, the qualitative study that formed the last part of the study protocol
for Trial 1 and Trial 2 is described. A qualitative phone debriefing at the conclusion
of each of the trials was used to evaluate the ease or difficulty of following the
study protocol, in particular, following a milk free diet. Parents were also given the
opportunity to debrief over the experience of participating in the research. The
qualitative study was specifically undertaken for this master’s research and aimed
to investigate the experiences of families following a CMP free diet. For qualitative
reports, most of the discussion occurs in the results section. The implications of

these findings for practice are described.

6.1 Introduction and rationale

The results of Trial 1 showed that children who avoid CMP had resolution of their
constipation. The results of Trial 2 showed that cow’s milk B casein A2 was not the
answer to this problem. There is some other component in cow’s milk causing the
problem. These children unresponsive to the usual treatments for constipation will
need to avoid CMP. Therefore, it is important to determine whether the CMP free

diet is feasible for families.

Few studies have focused on the lived experience of following a specialised diet for
allergy or intolerance. Two studies on autism were identified that found dietary
modification is often difficult and more expensive to implement than a family’s
usual self chosen diet. A special diet raises difficulties such as social isolation,
changes required to shopping and cooking practices and lack of support from
medical practitioners (115). Parents reported being faced with deciding whether the

benefits of the diet outweigh the difficulties of its implementation (116). A review of
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the literature revealed a lack of studies of this type in relation to a CMP free diet

and CFC, therefore exploratory research was required.

6.2 Method

Qualitative research methods are used to explore an area where little is known or
not previously understood. The methods can be used to understand lived
experiences (117). The research aim for this study was to find out how feasible it

was to implement a CMP free diet for a child under 12 with CFC.

6.2.1 Development of questions for the qualitative debriefing

interview

A series of six open ended questions were developed to gather information about
the lived experience of following a milk free diet. These questions are shown in
Appendix 11. The questions focused on what it was like to follow a milk free diet
and whether participants felt they received enough information and support to
follow the diet adequately. The interview schedule was administered in a semi-
structured fashion, with all questions covered, but with some variations in the order
and wording to allow for participant responses and the conversational style of the
interview. Some prompts were added after the first three interviews to encourage

participant to verbalise ideas.

A variation to extend this research in order to include this qualitative study was
approved by Hunter New England Area Health Service Ethics Committee and the
University of Newcastle Human Research Ethics Committee (Reference
03/08/13/12/3.23). The approval documentation is shown in Appendix 12. The
existing consent form was modified to include the qualitative debriefing (see
Appendix 13) and a letter was developed to invite previous participants to

participate (see Appendix 14).
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6.2.2 Procedure

Mothers of the children who had completed one of the six week dietary trials, Trial
1, cow’s milk B casein Al versus soy milk or Trial 2, cow’s milk B casein Al versus

cow’s milk B casein A2, were invited to participate in the qualitative interview.

Participants’ parents were contacted as close as possible to completing the final
dietary intervention and an appointment made for a telephone interview. Because
the qualitative interview was added to the protocol after its initial design, some
parents had already completed the dietary interventions protocol up to 24 months
previously. A letter was sent to previous participants offering them the opportunity
to participate (see Appendix 14). The mothers were given the opportunity to
verbally consent or decline participation. The researcher documented this on the

consent form (see Appendix 15).

6.2.3 Telephone interviews

The phone interviews were conducted by the researcher between September 2007
to June 2008 using the protocol (see Appendix 11). The interview was generally
able to be conducted in 10 to 20 minutes. Participants’ responses were voice-
recorded with a digital recorder by the researcher with either the verbal or written
consent of the participant (Appendix 15) and then transcribed into a Word
document. Transcription was performed by an administrative assistant from an
independent company, Tamworth Secretarial. The tapes were erased after
transcription. Transcribed data were stored using the participant’s unique
identification code. All nhames and other identifiable data were changed for the

purposes of reporting. Participants were assured of anonymity.

6.2.4 Data analysis

Thematic analysis of the individual interviews was performed using NVIVO 7 (QSR

International Pty Ltd) to manage the data. Data was formatted with suitable
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headings and exported from Word files into the NVIVO program where auto coding
was used to determine descriptive categories relevant to each question. Data was
then searched for themes arising from these categories. The transcripts were also
independently analysed by another researcher experienced in qualitative methods

and some categories were changed to reach agreement.

6.3 Results

The key themes and issues arising from the interviews are presented below.
Narrative explanation of the themes is supported by direct quotes by participants,
which are indented from the text and identified using the participant’s age and the

trial which they participated.

6.3.1 Feasibility of the milk free diet

Mothers as providers of food for the family

Concern to please their child and the entire family with food was of strong
importance to mothers. This was challenged by the milk free diet where mothers
had to balance the clinical needs of the child with the taste preferences of the rest
of the family. Some mothers felt that family members were not receptive to the

avoidance of dairy products and the consumption of CMP free foods.

It was more his brothers and his father that found it hard because | just
stopped buying cheese and that sort of thing to reduce the temptation for

him (Mother of child aged 4, Al versus A2 trial).

Some mothers reported that the milk free diet was difficult due to their child being

a ‘fussy eater’ and unwilling to try new foods,

It was quite hard at first because he’s very fussy and he doesn’t like the
taste of new things, he just likes what he likes and is used to what he’s

always had (Mother of child aged 4, Al versus A2 trial).
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It was hard because she likes her dairy; she likes her yoghurts and her

cheese (Mother of child aged 1, Cow versus Soy trial).

Some mothers reported that they had pre-conceptions; they believed that the CMP

free food would be unpalatable and unacceptable to their child.

I thought he wouldn’t want to try the new foods because they wouldn’t have
a lot of flavour in them. | thought it would turn him off and he would not
want them, but he actually took it on pretty well, he didn’'t complain, he
didn’t give me a hard time about the change in food (Mother of child aged 4,

Al versus A2 trial).

I was just lucky that he didn't eat a lot of the packaged stuff that was

excluded anyway (Mother of child aged 6, Al versus A2 trial).

These quotes show that the mother retains the responsibility for pleasing the child

with food, even in the context of a special diet.

Overcoming difficulties and developing new habits

Some mothers expressed that the milk free diet was difficult initially but became
easier as the trial progressed as they became more familiar with label reading and
shopping. Others saw it as a challenge and found innovative ways to cope. Some
reported that the instructions and the milk free shopping guide assisted in this

process,

At first | thought oh, there’s going to be so much restriction but with the list
that you gave me of products, if | just stuck to those, then it was heaps,
heaps easier than | was expecting it to be (Mother of child aged 2, Al versus

A2 trial).

Some mothers reported the development of coping mechanisms for challenging

social situations,
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If we went to a birthday party, | just made my own fairy bread and took
some dairy-free chips and things like that with me so that he then had his
own party food; he didn’t have what the other kids were having. | made a
little dairy free cake for him, so that he still felt like he was he was included
in the party, but he wasn’t actually eating their food (Mother of child aged 3,

Al versus A2 trial).

Some mothers reported that a family approach made it easier for the child,

We just adjusted our whole diets around it so that it wasn’t difficult. We
tried to make it as easy as possible for him so that he didn’t have to see us

eating dairy (Mother of child aged 4, Al versus A2 trial).

Sharing responsibility with the child

While mothers where clearly the gatekeepers of food provision, some mothers
chose to involve the child in the special diet. Those who did reported it assisted

with the child’s acceptance and compliance during the dietary trial,

The diet was a lot easier than | thought it was going to be. Once we
explained to him what was happening he didn’t have a problem eliminating
some things from his diet and having a little more of other things, yeah, he

didn’t mind it at all (Mother of child aged 6, Al versus A2 trial).

Johnny was great with it too, you know he’d go to a friend’s place and he’d
be offered something and he’'d say “does that have dairy in it?” (Mother of

child aged 6, Cow versus Soy trial).

Completing the constipation diary also provided responsibility for some children,

She became interested and | think she was quite proud of herself that she

disciplined herself enough to remember every day to fill out a form. It gave
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her a little bit of responsibility too (Mother of child aged 10, Al versus A2

trial).

This strategy is likely to have had a beneficial effect in improving compliance.

Using tools to assist dietary change

All participants reported that they used the milk free shopping guide. Many mothers
reported that they took the list to the supermarket each time that they shopped for

groceries,

| just carried it in my handbag the whole time and if | went to buy
something I'd look on the list or I'd look at the ingredients of the food so
yeah, | had it with me all the time (Mother of child aged 2, Al versus A2

trial).

Others took it the first few times, only until they developed their skills in label

reading and shopping for CMP free products,

I took it the first time and then | referred to it a couple of times at home.
After the first time | knew what she could and couldn’t have so it was fine, |
didn’t have to take it every time (Mother of child aged 4, Al versus A2

trial).

While the guide was seen as a useful tool, one mother suggested an adaptation,

If you actually had a label or samples of the products wrapping, packaging
or just the trademark, it makes it easily identifiable, like ah, | think it was
Sweet William chocolate, which I'd never heard of, never bought, found it

very hard to find (Mother of child aged 10, Al versus A2 trial).
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Other mothers took initiative and asked shopkeepers for help,

I actually found that shopkeepers were very good if you asked specifically if
things had certain ingredients. They would go and get me the original
packaging and let me stand there and read it if they didn’t have time to do it
for me, so yes, there’s a lot more awareness and acceptance of it out there

(Mother of child aged 6, Al versus A2 trial).

Other ideas suggested by participants included: a milk free product aisle in the
supermarket, more milk free products in the supermarket and improved labelling to

identify products containing milk.

Other ideas reported by mothers to make the milk free diet easier included recipes

and meal ideas,

Maybe some recipes and a few meal ideas there might have helped (Mother

of child aged 2, Al versus A2 trial).

6.3.2 Change as a result of following the diet

Some mothers expressed that the trial and the shopping list led them to an
increased interest in label reading and greater awareness of what they were

consuming in general,

I’'m quite used to reading labels on products, but it just made us look a bit
further and think about what’s in our food that can affect us, dairy just being

one of them (Mother of child aged 10, Al versus A2 trial).

Some mothers were very surprised at the foods containing hidden dairy,

It was actually quite an eye opener really, | found a lot of products that |
didn’t think, even think, would have dairy in them actually do (Mother of

child aged 4, Cow versus Soy trial).
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Some mothers went beyond the original brief of using the milk free guide and
learned how to adapt to manufacturing changes that resulted in the new version of

the product containing milk,

When 1 first started |1 could go down to the supermarket with a list in hand
and sort of scoot around and pick things out, but what | realised pretty
quickly was that you have to be vigilant and read labels constantly (Mother

of child aged 6, Cow versus Soy trial)

6.3.3 Intention to continue with dietary changes post study

When asked if they planned to continue with dietary modification after the trial,
three response categories emerged: (1) continuing with an exclusive CMP free diet
(2) continuing with a modified approach, that is, a small amount of dairy allowed in
the diet (3) not continuing with a CMP free diet. Key issues arising in each category

are presented below.

Continuing with an exclusive CMP free diet

Some mothers were motivated to continue with a CMP free diet by the difference in

their child’s symptom of constipation,

From what we've seen we think it has improved the constipation an awful
lot, he doesn’t mind it, he seems to be healthy enough so we’re going to
keep him on it for the time being (Mother of child aged 6, Al versus A2

trial).

Some were keen to continue despite the acknowledged difficulties,

The milk free diet made a difference to Jack. We’ll definitely be sticking to it.
The results are obvious, it helps his constipation. The hardest thing is eating
out at friends houses. You feel out of place taking your own food for Jack. I

always try to make sure we’ve offered to bring something. | usually choose
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dessert because they’re always full of dairy and at least Jack can eat what

I've made (Mother of child aged 4, Al versus A2 trial).

Some mothers commented that the development of a support group for parents of

sufferers of CFC may be useful,

I don't know how we’d do it though, to get the contacts of other mothers
with children with the same, you know, the same sort of thing so you can
sort of, you know, be able to have something in common with another
person and be able to help each other out in that regard (Mother of child

aged 6, Al versus A2 trial).

Continuing with a modified approach

Other mothers believed that there was benefit to their child in following a milk free
diet, but that, due to the difficulties with social situations and family food

preferences they would modify the level of restriction,

The trial has certainly made Jane’s stools become normal. | think we’ll do a
modified diet. If her symptoms worsen I'll be stricter with the diet (Mother

of child aged 8, Cow versus Soy trial).

Some mothers had included dairy in the diet due to their strong beliefs about its

importance as a source of calcium,

We’'re mainly trying to stick to the diet, but because of the requirement for

calcium, allowing some milk (Mother of child aged 4, Al versus A2 trial).

Not continuing with a CMP free diet

Some mothers expressed that they did not feel that the CMP free diet helped with

their child’s constipation and had discontinued the diet.
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For at least two mothers, this decision was influenced by the opinion of their

paediatrician,

Because | spoke to the paediatrician about it and he said that, well, it won’t
work because he’s constipated and it’'s not from any allergies (Mother of

child aged 6, Al versus A2 trial).

I think she’s going to be that way inclined forever, and that is what the
paediatrician said, that she will always have to have wholemeal everything

and just be careful (Mother of child aged 2, Al versus A2 trial).

Some were awaiting the results of the constipation diaries, blood, urine and faeces

tests before they made a final decision,

I don’t think so at this stage, we’ve got to wait for the results and then find
out what it is causing the constipation (Mother of child aged 10, Al versus

A2 trial).

6.3.4 Experiences of the dietary trial

Some mothers commented on the positives of the trial despite the need to do more

home cooking,

It was a useful trial and helped us to find an answer to the problem. | had to
do more cooking which was a little more time consuming for me as a

working mum (Mother of child aged 4, Al versus A2 trial).

Some mothers welcomed the opportunity to try an option other than medication,

It was good to take part in it and try something new. It was more than the

doctors could offer me (Mother of child aged 2, Al versus A2 trial).

Many mothers expressed that they were satisfied with the trial and grateful of the

opportunity to participate,
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I know | had a Paediatrician tell me it was all in my head and you get very
disheartened and you think, you know, have you as a parent done
something wrong. | believe that if parents are offered the opportunity to do
something like this it's definitely really a good angle to try to see if it helps

out (Mother of child aged 8, Cow versus Soy trial).

One mother recognised the study as belonging to a specific approach,

My mother-in-law’s brother who is a naturopath said, you’'ve got to look at it
this way, doctors have their procedure, and that’s the way they run through
it, we’ve got ours and dietitian’s have theirs. Which is fair enough, but I guess
the hardest thing is being a parent, I'm the one that sees her everyday and
see’s what she goes through and how much of a drama it is for her to go to

the toilet (Mother of child aged 1, Cow versus Soy trial).

Some mothers commented on the negative aspects of the blood testing for their
child and its effects on their child. Some mothers reported that blood tests were too
numerous or the amount of blood collected too much. Some participants reported

previous negative experiences of blood tests,

The blood tests were difficult. Had | not been a nurse we would have probably

dropped out (Mother of child aged 6, Cow versus Soy trial).

Another factor that assisted families to follow a CMP free diet was the ongoing
support from the researcher. The importance of ongoing support has been reported
by other researchers. Researcher contact with subjects has been shown to improve

participation and retention (118).

If 1 had a question | knew that | could contact you for help. If you weren’t
available, I'd leave a message and you’'d always get back to me with the

answer (Mother of child aged 2, Cow versus Soy trial).
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6.4 Discussion

The qualitative phone interview at the conclusion of the trials revealed that a CMP
free diet provided a variety of experiences for participants and their families. A
number of key themes and issues were identified. Concern to please their child and
entire family was of strong importance to mothers and is referred to by other
researchers (119, 120). However, Verplanken and Aarts (121) found that father’s
food preferences have the strongest influence on changes to the family eating
patterns and whether changes will be adopted by the family. Many mothers found
the milk free diet difficult initially, becoming easier as the trial progressed. New
concepts and behaviours often require time to be accepted and become habits
(121). Birch and Marlin (122) found that eight to 15 repeated exposures are
required to enhance children’s food acceptance (122). Parental pre-conceptions of
the taste of milk free foods and expectations of how their child would cope with the
milk free diet often did not match the experiences of their child. Mothers expressed
surprise at how well their child adapted and accepted the milk free diet shows that
the mothers not only need to be convinced of the need for dietary intervention but

also reassured that their children will not suffer in following the diet.

A family approach, with all members of the family following the milk free diet, was
expressed as assisting in the management of a milk free diet. A family approach
provided a supportive environment for the child, decreased temptation and
increased compliance with the CMP free diet. Giving responsibility to the child also
seemed to assist with acceptance of the milk free diet. Children over the age of six

could be involved in their own treatment.

Mothers needed tools and support to implement the diet. The milk free shopping
guide needs to be updated regularly to keep abreast of manufacturing changes to
products and identify new products. Labels and packaging were identified as a

useful tool to be used by dietitians in the education of families in regards to
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specialised diets. The establishment of a support group for parents of children with
CFC and education for other health practitioners were identified by mothers as
other supportive strategies to assist with the implementation of the milk free diet,

and could be established by dietitians.

While many found the diet feasible, a number of difficulties following a milk free
diet were identified. Socialising made compliance with the CMP free diet difficult.
Mothers were required to be well organised and develop coping strategies to
overcome social situations, such as, offering to contribute to the meal provided and
bring a dish that their child could consume. Some mothers reported that their
child’s strong preference for dairy products made the CMP free diet difficult. It is
possible that these children were having a withdrawal response from CMP. This
response has been reported by other researchers in relation to casein free and

gluten free diets followed for Autism Spectrum Disorders (111).

The intention to continue on the milk free diet post dietary trial varied. If there was
a strong observed effect on constipation the mothers planned to continue the CMP
free diet even if they planned to modify the approach to make it less restrictive.
This suggests that many mothers believed that there was a threshold occurring,
their child was able to tolerate some CMP before the symptom of constipation
reoccurred. This supports the findings from Trial 1 and Trial 2, that some
participants reported symptom resolution of constipation during the cow’s milk
casein Al condition. Others were not going to continue with the CMP free diet
because no obvious benefit had been found for their child or they did not have the
support of their paediatrician. Doctor’s opinions strongly affect the beliefs of their
patients (123). Practitioners having a better understanding of the benefits of the
CMP free diet would assist with a multidisciplinary approach to the management of

a CMP free diet for children with CFC unresponsive to traditional treatments.
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Limitations of the qualitative method have been identified. The structured interview
questions may have Ilimited the responses provided by participants. Some
interviews occurred some time after the dietary trial which could have limited the
memories of some of the experiences. Researcher bias may also have occurred
since it was the researcher conducting the interviews rather than a research
assistant. There is the possibility that some mothers were giving socially desirable
responses to the questions. As the researcher, it was difficult to be totally objective
because there is a subjective element to analysis of qualitative data. All efforts
were made to control for researcher bias by having data analysed independently by

another researcher experienced in qualitative methods.

6.5 Summary

Qualitative data on the experiences of mothers following a CMP free diet were
reported in this chapter. Thematic analysis identified several key themes in terms
of challenges to the food-related care-giving role of mothers and increased nutrition
awareness. Intention to continue was explored. These experiences provide health
professionals with valuable insights and ideas to assist their patients to manage a
cow’s milk protein free diet for chronic functional constipation and other conditions
requiring a cow’s milk protein free diet. Chapter 7 draws together and discusses all
the components of this research into cow’s milk protein in children with chronic

functional constipation (CFC).
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Chapter 7: Discussion and limitations

7.0 Chapter outline

This chapter discusses the way in which the research reported in this thesis has
contributed to the understanding of the role of cow’s milk protein in children with
chronic functional constipation. Findings from the results of the trials and the
qualitative study will be discussed under the headings of the research questions.
Strengths and limitations of the study are discussed. Recommendations are made
for children with CFC unresponsive to the usual treatments of medication,
behavioural/psychological therapy, exercise and traditional diet therapies of a high

fibre, high fluid diet.

7.1 Introduction

This research into the role of cow’s milk protein in chronic functional constipation
(CFC) consisted of four key studies: a systematic review of the literature on the role
of CMP in CFC; Trial 1, a crossover trial comparing the effects of cow’s milk B casein
Al with soy milk on CFC in children; Trial 2, a double blind crossover trial
comparing the effects of cow’s milk B casein A1 with cow’s milk  casein A2 on CFC
in children; and a qualitative study to obtain insights into mothers’ lived

experiences of administering a CMP free diet to children.

The systematic review of the literature showed there was some evidence for the
hypothesis that CMP has a causal role in CFC in children, some of whom showed
increased prevalence of CMP sensitivity in biochemical and immunological tests. The
strongest evidence (Level 2) came from a double blind randomised controlled trial
conducted by lacono and colleagues in Italy and showed an association between
CMP and constipation when cow’s milk was consumed in comparison to a resolution
of constipation in 68% of children when soy milk was consumed. However, this

study had not been replicated. The systematic review showed that despite
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constipation being a common problem in paediatric practice the evidence base
remained small. Further scientific evidence was required to clarify the physiological,
biochemical and immunological mechanisms that occur in children with CFC. The
review led to the development of four research questions, investigated through two
crossover trials and a qualitative study. Those questions and the way in which they

were answered, are discussed below.

7.2 Research Question 1: Can the results of the lacono study
of children with CFC who respond to the replacement of

CMP with soy be replicated in the Australian setting?

1.1 Hypothesis for Trial 1: Constipation would resolve for children with

CFC whilst consuming soy milk and avoiding cows milk protein.

Trial 1 compared the effects of cow’s milk B casein A1l with soy milk in nine children
with CFC. Some of these children had signs of CMPI, but no diagnosis of allergy or
intolerance. It is possible that constipation may be the only symptom of CMP
allergy or intolerance for some children (124, 125). There were some biochemical
abnormalities at baseline and faeces showed low levels of normal gut flora and a
lack of Streptococcus B. During the soy condition of the crossover trial, all nine
participants experienced resolution of their CFC. This confirms the hypothesis that
constipation would resolve for children whilst consuming soy milk and avoiding all
sources of CMP. Similarly, all nine participants had resolution of their constipation in
the washout condition. However, five children also experienced resolution of
constipation in the cow’s milk condition, while none of the children in lacono and
colleagues’ study (3) reported a response during the cow’s milk condition. The
reasons for this were discussed in Chapter 4. The most likely explanation is that the
effect of CMP on constipation is an intolerance reaction, that involves a threshold,
and with other sources of CMP removed, the 400 mL of the cow’s milk condition

may have been below the threshold for these five children (3, 87, 88).
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The hypothesis that constipation would resolve for children with CFC whilst
consuming soy and avoiding cows milk protein was proven. The research question
was answered with some improvements in study design on the lacono and
colleagues research, such as, the two week washout between the two intervention
milks to remove the physiological and psychological effects of the previous
intervention milk, the reporting of the bowel outcome measure during the washout
in addition to the intervention milk trials which allowed this period to be considered

as a dietary condition.

The results of the first crossover trial showed that the removal of CMP had a
positive effect on alleviating constipation and conversely that CMP caused
constipation in at least four out of nine children. The next study went on to test

whether the B casein moiety is the part of the CMP causing the constipation.

7.3 Research Question 2: What effect does the cow’s milk B
casein A1 and cow’s milk B casein A2 have on CFC in

children who do not respond to traditional treatments?

Hypothesis: Constipation would resolve for children whilst consuming
cow’s milk casein A2 and whilst avoiding all sources of cow’s milk B casein

Al protein.

If B casein were the protein fraction causing the problem then perhaps the Al
variant of B casein (a result of a mutation some 5000 years ago in certain dairy
cattle) was the cause. If so, the A2 variant of B casein may be free of the effect.
This led to Trial 2 which used a double blind crossover methodology. This was the
first experiment of its kind to compare the effects of B casein A1 and B casein A2

moiety on children with CFC.

While the mean number of bowel motions increased and some participants reached

resolution, the two conditions, cow’s milk B casein A1 and cow’s milk B casein A2,
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had identical effects, and reproduced the results of the cow’s milk B casein Al
condition in Trial 1. It seems that it is not the B casein moiety, a chain of 209
amino acids, in cow’s milk that is causing constipation or if it is, it is not the section
that differs in the A1 and A2 variant so the hypothesis was disproved. There is
some other component in cow’s milk causing a problem in these susceptible

children that is common to both A1l and A2 milk but not soy milk.

7.4 Research Question 3: What are the immunological and
biochemical mechanisms underlying CFC that responds to

the removal of CMP in children?

Although extensive testing was conducted, this question was not completely

answered by the research, but some key observations were made.

Firstly, the children participating in the study showed abnormalities at baseline. The
absence or low levels of normal gut flora identified in seven out of 13 participants in
Trial 1 and 8 out of 39 participants in Trial 2, may have affected gut transit time
since the number of species of gut flora has been shown to be important for bowel
regularity (83). Several participants reported conditions that are suggested to affect
initial colonisation of the gut including being delivered by caesarean section (81),
mothers having thrush (Candida albicans) during pregnancy (82) and being formula
fed (126). Streptococcus B was absent from the faecal samples of participants at
baseline, but is usually identifiable in the bowel motions of non-constipated
individuals (108). The absence of Streptococcus B might be useful as an indicator of
CFC. A small number of participants, three in Trial 1 and five in Trial 2, were shown
to have elevated IgE levels at baseline. Elevated IgE is the most easily identifiable
immune response in investigations of cow’s milk protein allergy (110). In IgE
mediated allergy, the tolerance for the offending food is low and quickly results in
symptoms (127). These particular participants reported a history of recurrent

urinary tract infections, ear infections and eczema. Their immunoglobulin response
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suggests that these particular participants actually have a cow’s milk protein allergy
as opposed to an intolerance. One child in Trial 1 and two in Trial 2 of participants
showed low IgG at baseline, indicative of an immunodeficiency that usually
manifests as a difficulty in clearing viral infections in children (5). The presence of
Streptococcus A identified in 6 participants in Trial 1 and 11 participants in Trial 2,
by testing for ASO titre and AntiDNase B serology, suggests the presence of an

undiagnosed condition that may confound results of this study.

Secondly, although biochemical variables changed between baseline and after the
dietary conditions, only platelets, monocytes, and eosinophils were statistically
significant in difference. An increase in mean eosinophils between baseline and
after the cow’s milk condition in Trial 1 was significant. An increase in eosinophils in
cow’s milk allergic children has been previously documented (3). There is some
evidence that eosinophils have been involved in dismotility in allergic diseases and
other inflammatory conditions (67). Platelet levels were found to be significantly
higher after the cow’s milk condition compared with baseline, echoing the results of
other studies investigating CMPA (112). Monocytes were significantly higher after
the soy condition compared with after the cow’s milk condition. This was not an
expected result and may have occurred in relation to inflammation and immune

mediated disease (128).

Mean serum urea was significantly higher and after the cow’s milk casein A2
condition in and creatinine was significantly lower after the cow’s milk casein A2
condition in Trial 2 compared with baseline. Urea is a by-product of amino acid
metabolism and creatinine normally reflects muscle mass and increases with
catabolism of skeletal muscle beyond normal levels (129). Reasons for these
significant differences are unknown and require further investigation. The liver
function enzymes, ALT and AST were significantly higher after the cow’s milk casein

Al condition compared with baseline. Liver function abnormalities were observed
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for some participants in Trial 1 and Trial 2, independent of milk condition. Liver

function abnormalities occur in response to inflammation and infections (130).

Low serum zinc levels were identified at baseline and independent of dietary
condition in seven children in Trial 1 and 22 children in Trial 2. Nutritional
assessment of participants showed that these children had a poor or minimum
intake of red meat which is a rich source of dietary zinc. Zinc is essential for the
functioning of the immune system and zinc deficient subjects may experience
increased susceptibility to a variety of pathogens (131). Poor appetite and nausea
are also symptoms associated with constipation (4), which may exacerbate poor
dietary intake of this nutrient. Bioavailability of zinc can be reduced by high fibre,
high phytate foods and some participants were consuming greater than the

recommended number of serves of fruits, vegetables and legumes.

The biochemical and immunological data show that some of the children who
responded to CMP being withdrawn from the diet were likely to have a true food
allergy. In terms of the mechanism for those other children, the results are

suggestive of CMPI but further research is needed.

7.5 Research question four: What factors affect the feasibility
of mothers administering a CMP free diet to their

children?

The qualitative study aimed to obtain insights into the lived experiences of mothers
administering a CMP free diet to children in order to assess the feasibility of this as

a method of treating CFC.

Many mothers found the milk free diet difficult initially, becoming easier as the trial
progressed. The mothers expressed surprise at how well their child adapted and
accepted the milk free diet and that involving the child in the process made it

easier. This was a positive outcome in this assessment of the feasibility of a CMP
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dietary intervention since children’s food preferences and food intakes have been
shown to be related to those of their mothers (132). The concern of the mother in
pleasing the family through food provision was an important theme and a potential
barrier to the successful implementation of a CMP free diet and is referred to in the

literature (119, 120).

A number of factors limiting the feasibility of the CMP free diet were identified
including: socialising; ‘fussy eaters’ reluctant to accept and consume new CMP free
foods and a child’s strong preference for dairy products. Factors that increased the
feasibility the CMP free diet including: giving the child some responsibility led to
acceptance and compliance; taking a family approach included provision of
resources such as the milk free resources and ongoing support from the researcher.
Researcher contact with subjects has been shown to improve participation and
retention (118). This suggests that regular contact from dietitians will assist with

acceptance and compliance with the diet.

Overall feasibility was evaluated by assessing whether the mothers of children who
improved on the CMP free diet intended to continue the milk free diet. Some
mothers were going to continue due to the benefits of the trial to their child’s
condition despite a noticeable increase in cooking and shopping time. Others
planned to continue with a modified CMP approach, allowing some CMP but not as
much as the pre-trial diet. This was due to the degree of restriction not being
perceived as being sustainable, and their deduction that partial removal of CMP
would bring some relief from constipation. Other mothers were not going to
continue with the CMP free diet because no obvious benefit had been found or they
did not have the support of their paediatrician. So the answer to question 4 is that
some mothers, when motivated by clinical improvement in their children found it
feasible, while others found it necessary to ease the level of restriction to some

extent.
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7.6 Study strengths and limitations

This research into the role of cow’s milk protein in children with chronic functional
constipation had a number of strengths including: the four components of the
study, the qualitative study conducted to evaluate the feasibility of mothers
administering a cow’s milk protein free diet to their children; the two crossover
design trials, the immunological and biochemical investigations, the two-week
washout period in between the intervention milks to remove any physiological and
psychological effects of the previous intervention milk; and the recording of bowel
outcome measures by participants during the washout period as well as during the

dietary intervention periods.

As with any research, these studies had limitations.

Participants in the crossover trials

There was some bias in the participant groups. While Trial 1 had equal gender
representation, Trial 2 was 64% male, reflective of dominance of CFC in boys (56).
However, this male bias did not cause a problem for statistical analysis since these
trials were of crossover design and subjects were compared against themselves and
not controls. The age range and mean age of participants of each trial were similar
although Trial 1 participants were slightly older (mean 80 months, range 16-144
months) than Trial 2 (mean 67 months, range 21-143 months). There may have
been a bias in Trial 1 in that those volunteering for a dietary trial could have
considered cow’s milk a cause for constipation and psychological factors contribute
to CFC (4). The exclusion of medication for the trial period also caused reluctance

to participate on the part of some families.

The rigorous design of the crossover trials carried a high participant burden, which
proved a challenge to retention. Thirteen participants were recruited to Trial 1 with

only eight completing the bowel diary for all three conditions. Thirty-nine
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participants were recruited to Trial 2 with only 21 completing the bowel diary for all
three conditions. Nutrition intervention studies are notorious for difficulty in
retaining participants because of the burden of dietary change (133).
Unfortunately, the families who ceased participation were not formally interviewed
but some reported reasons for dropout to the dietitian researcher (EC) including:
death in the family, six weeks being too long and some participants reported that
they had participated only for results of the baseline blood test, in order to identify
any abnormalities. Of more concern in terms of biasing the sample were two cases
both in Trial 1: one where a positive result for one participant during the soy
condition resulted in the family ceasing the study because the child’s constipation
was cured. Another participant developed an allergic response, a rash, to the soy

milk and ceased participation.

Design

While the crossover design is strong, Trial 1 was potentially limited by small
numbers. During Trial 1, the children and their mothers were aware of each
respective milk condition given appearance, smell and taste profiles of cow’s milk
and soy milk are easily distinguishable. This may have had a psychological effect on
the symptom of constipation in some participants. This limitation was removed for
Trial 2, where the children and their mothers were unaware of the differences in
type of milk. Labelling was removed and there are no discernible differences in the
appearance or taste of A1 and A2 milk, therefore preventing any psychological

effect on participants’ constipation.

As mentioned in Chapter 4 and 5, each Trial should have commenced with at least
a one week washout period to eliminate the effects of the pre-trial CMP from
participants. Participants would ideally have kept a food diary for the six week trial
to monitor compliance to each trial condition, but this would have further increased

the already heavy participant burden.
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Another potential limitation is the specified minimum amount of 400 mL of
intervention milk per day that was used to standardise intake amongst participants
of various ages. This possibly should have been greater to clearly show the effect of

CMP on these children with CFC.

Measures

There were limitations in the measures. The number of bowel motions prior to the
commencement of the study was verbally reported by parents rather than
measured using the constipation diary and therefore may not be an exact
representation of pre trial bowel motions. Some children did not provide samples
for all trial tests due to an aversion, or a parental aversion to particular types of
testing. The time between measures may not have been extensive enough to
detect changes in immunological and biological parameters, but an increase in time

following each condition would have further increased participant burden.

7.7 Conclusions: an enhanced understanding of CFC

As a result of this research, we understand more about the effect of CMP on CFC.
The systematic review showed that there was some evidence for a role of CMP in
CFC. Trial 1 confirmed the hypothesis that constipation would resolve for children

whilst consuming soy milk and avoiding all sources of CMP.

While all the children in Trial 1 responded to soy milk, approximately two thirds of
the children on one of the forms of cow’s milk in both trials had a response on
cow’s milk, while the other third remained constipated. Either the exact same
number of children was not sensitive to CMP or these children exhibited a dose-
related response typical of food intolerance reactions. Some CMP, in this case 400
mL per day, can be tolerated by these children before constipation occurs and the
less CMP the higher the number of mean bowel motions and percentage of

participants with resolution. As described in Chapter 1, food intolerances are not
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cell mediated reactions but result in similar symptoms to food allergies. They can
have an effect on the nerve endings in various parts of the body which in this case
would be the nerve endings in the GIT involved in bowel regularity (63). In
comparison, an allergic reaction with an identifiable immunoglobulin response may
have been the mechanism for the other third of children on cows milk (7). An
immune response to even small amounts of food protein such as cow’s milk can
cause changes in neuromuscular function by affecting the nerves in the gut,

causing a delay in colonic transit time (63).

Thus, rather than one definitive reaction that results in constipation, the findings of
this study suggest a mixed model. The children in these trials, who all presented
with CFC unresolved by usual treatments, are likely to have had different causes for
their constipation. While some turned out to have a chronic Streptococcus A
infection as well as liver function abnormalities which may have contributed to
constipation, some had a CMP allergy, while the majority are likely to have had
CMPI. None of the children who completed Trial 1 were sensitive to soy but one
who withdrew had an allergic reaction. Children with CMPA also have a high

likelihood of soy allergy (39).

Trial 2 showed no difference in mean number of bowel motions between Al and A2
milk. This suggests that it is not the Al variant of the B casein moiety that causes
constipation in susceptible children but perhaps some other protein component.
This trial ruled out the A1 moiety as the culprit and further research is needed to

identify the fraction responsible for CFC in susceptible children.

Those children who are allergic or sensitive to CMP need to follow a CMP free or
modified diet, respectively and the qualitative study enhanced our understanding of
whether this might be feasible. Many mothers planned to continue some dietary

modification after the study. A number of themes were identified that will be useful
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to health professionals educating families in terms of the compliance and

acceptance of a CMP free diet.

7.8 Recommendations for practice

The findings of this study have implications for children with CFC unresponsive to

the traditional treatments of medication and a high fibre, high fluid diet.

Children with CFC that is unresponsive to the traditional treatments should be
checked for CMPA by measuring IgE levels. If allergic, they need to follow a CMP
free diet, and be reassessed at annual intervals. If not, check for other

biochemical abnormalities and coeliac disease as a possible cause.

If these results are negative, trial a CMP-free diet for at least two weeks to
determine whether this may resolve the CFC. During this period, children should
drink at least 400 mL per day of soy milk and record the numbers and form of
bowel motions. Results should be compared to a one week record collected prior

to commencing the CMP free diet.

If this dietary modification is successful for the child and alleviates constipation,
a modified approach to a CMP-free diet may be able to be adopted. To
determine the amount tolerated and nutritional adequacy of the diet

consultation with a dietitian is recommended.

Due to the complicated nature of a CMP-free or modified diet, especially the
number of processed foods which contain hidden CMP, consultation with a
dietitian is essential for implementation of this diet. The dietitian should educate
the whole family, both parents and siblings, to ensure the best outcome in
terms of acceptance and compliance of the diet. The results of the qualitative
study, especially the concern to please their child and entire family with food

need to be taken into account in the education.

Adequate resources need to be provided to children and their families to support

the nutrition education consultations, including: a list of milk free products and
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visual aids such as samples of CMP product packaging to show families; a
supermarket tour to assist with the identification of products and label reading;
ongoing support from a dietitian to answer queries; CMP free recipes and meal
ideas for children and their families; and the establishment of a support group

for parents of children with CFC to share ideas and decrease isolation.

e A probiotic, suitable for the child’s age, is recommended to assist with the

normalisation of gut flora and may also have immune enhancing effects.

e The qualitative results showed that mothers were confused and frustrated by
the differing opinions of health professionals. Education of health professionals
such as general practitioners, paediatricians, and paediatric continence nurses,
regarding a CMP-free diet strategy for CFC, is essential to support the child and
their family and integral to the success of the strategy. This education would
need to occur via a variety of media such as scientific literature, conference
presentations, articles in profession specific magazines or newsletters and

materials for patient education.

7.9 Further research

While there are some clear practice implications from this research, several areas of

further research are required.

e In any further investigations, chronic functional constipation should be clearly
and commonly defined in research as well as in practice. Replications of this
study should commence with a two-week washout period. Bowel motions should

be recorded and reported during this time.

e Higher volumes of cow’s milk need to be consumed to determine the threshold

that causes constipation in CMPI.

e Further investigations into the immunological or biochemical mechanism that is

occurring in CFC that appears to have characteristics of a food intolerance is
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required. These should include investigations of the intolerance reactions and

how they affect nerves in the gastrointestinal tract.

e Exact faecal analysis of the gut flora present in these children is recommended

to determine probiotic requirements for normalising this gut flora.

e A longitudinal study of children aged one to 12 years is recommended to better

understand this type of CFC affected by CMP over time.

e Baseline blood and serum tests are recommended for assisting in the
determination of biochemical and chemical abnormalities that may be occurring.
There appears to be no advantage in testing at the end of each condition as two
weeks is not a sufficient time frame to detect changes in many of these blood

and serum variables.

7.10 Summary of Chapter 7

In Chapter 7, the questions in this master’s research have been addressed and the
way in which knowledge on CFC has been enhanced was discussed. The findings
were used to make a series of recommendations for practice and for further

research.

The idea for this research came from a problem identified in clinical dietetic
practice. It is hoped that these findings will assist in the management of children
with CFC that is unresponsive to the traditional treatments. It is recommended that
further research with greater numbers of children will be undertaken to further
clarify the immunological and biochemical reactions that are occurring in this

potentially food intolerance related CFC.
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ABSTRACT

Aim: This article examines the evidence for a role of cow's milk protein in chronic
functional constipation in children.

Methods: A literature search was conducted using Ovid and Pubmed, the Cochrane
data bases, CINHAHL and EBSCO. Keywords searched included: constipation, cow's
milk, intolerance, allergy, children and intestinal motility. This systematic review
focused on dietary intervention studies in children (aged from 7 days to 15 years) with
chronic functional constipation. All articles were required to include measures of
cow's milk protein allergy or intolerance and include resolution of constipation as an
outcome measure.

Results: The keyword search identified 125 articles. Seven of these articles met the
criteria for inclusion, including one double-blind, randomised controlled trial. The
results of this review provide support for the hypothesis that a proportion of children
with chronic functional constipation respond well to the removal of cow's milk
protein from the diet, particularly if serum analysis shows abnormalities of immune
mechanisms.

Conclusion: The evidence surrounding cow's milk constipation was limited with only
one of the assessed studies being at level Il of evidence according to the NHMRC. In
order to develop evidence-based guidelines, further high-level evidence is required to
clarify the physiological, immunological and biochemical changes that occur in some
constipated children who respond to the removal of cow's milk protein from the diet.

Full article not included due to publisher copyright restrictions


http://library.newcastle.edu.au/resserv?__char_set=utf8&id=doi:10.1111/j.1747-0080.2007.00225.x&sid=libx%3Anewcastle%3Adoi&genre=article
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Appendix 1: Algorithm for the Management of Paediatric Constipation

Constipation:
Delayed or difficult defecation
for > 2 weeks

= from 21
- History

- Physical exam

+ Occult blood (if indicated)

Impacted?
Excess retention?

Are there
any red flags?
e.g., fever, vomiting, bloody diarrhea,

failure to thrive, anal stenosis,
tight empty rectum?

-T4 - Celiac disease
antibodies

TS
+ Calcium (if not already done)
Consider trial of milk-free diet

Is there
fecal impaction?

Hirschsprung
disease?

- Behavioral - Reassurance
modification « Observation
« Psyc 30

h Rectal manome
evaluation/Rx and/or biopsy
29
Treatment:
= Education
- Diet .
« Oral medication

Positive for
Hirschsprung
disease?

- Dairy
- Close follow-up

10
Treatment
effective?
"
Yes

Surgical management

- Re-assessment

- Adherence?

- Re-education

- Different medication?

Consider time-limited Rx with:
« PEG solution - Bowel training
« Stimulant laxatives - Intensive psych
- Biofeedback

0 ’Re\a ps Consider other tests:
Bleae e 15 - MRI of spine - Barium enema
: T4|—| ) Caerillgcbodgsi::se N B %\:;gcns‘agl « Full-thickness biopsy
« Calcium - Lead ey

+ Other metabolic tests
- Colonic manometry - Psych evaluation/Rx
- Transit time - Inpatient observation

lo
_L * Wean
Observe
Abnormal
T4,TSH, Ca,
Pb?

Consultation
with Pediatric

Treatment I | Re-evaluate [
£il
Gastroenterologist

Has previous
treatment been

sufficient?

2
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Appendix 2: Hypothesis statements for blood factors
analysed

e Haemoglobin an indicator of nutritional status, more specifically, an adequate
presence of iron in the blood (Sacher, 2000). It was hypothesised that
haemoglobin be normal at baseline and it was not expected to change

throughout the dietary trial periods of the study.

e White cell count is an indicator of how the immune system reacts to infection
(Dunstan, 2000). It was hypothesised that white cell count be normal at
baseline and it was not expected to change throughout the dietary trial periods

of the study.

e Platelets are also an indicator of how the immune system reacts to infection
(Dunstan, 2000). It was hypothesised that platelets be normal at baseline and it

was not expected to change throughout the dietary trial periods of the study.

e Red blood cell count is an indicator of nutritional status, more specifically one of
the measures of anaemia (Dunstan, 2000). Its principal action is to transport
oxygen in the blood. It was hypothesised that red blood cell count be normal at
baseline and it was not expected to change throughout the dietary trial periods

of the study.

e Hematocrit is an indicator of nutritional status, more specifically one of the
measures of anaemia (Dunstan, 2000). It was hypothesised that hematocrit be
normal at baseline and it was not expected to change throughout the dietary

trial periods of the study.

e Neutrophils are the circulating white blood cells essential for phagocytosis and
proteolysis in which bacteria and other foreign particles are removed and
destroyed (Collan, 1972). A mixed model analysis was undertaken to determine
whether the dietary trial affected the neutrophil numbers of participants, that is,

were they more susceptible to infection or other foreign bodies. It was
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hypothesised that neutrophils be normal at baseline and it was not expected to

change throughout the dietary trial periods of the study.

Eosinophils, white cells normally found in the gut mucosa, increase dramatically
with inflammation such as allergy or infection (Collan, 1972). Eosinophil
numbers have been reported to increase in the intestinal mucosa of children
with cow’'s milk allergy (Withrington and Challacombe, 1979). It was
hypothesised that eosinophil numbers be normal at baseline and it was not

expected to change throughout the dietary trial periods of the study.

Monocytes, the white cells produced by cells in the bone marrow, enter the
blood stream for transport and differentiate into macrophages in the connective
tissues (Cohn et al., 1966). A mixed model analysis was undertaken to
determine whether the dietary trial affected the monocyte numbers of
participants, that is, were they more susceptible to infection or other foreign
bodies. It was hypothesised that monocytes be normal at baseline and it was

not expected to change throughout the dietary trial periods of the study.

A decreased absorption of B12 is associated with pernicious anaemia. B12 was
ensured the children in this study did not have pernicious anaemia. Changes in
bowel habits such as constipation or diarrhea can be a symptom of pernicious
anaemia (Sleisinger and Fordtran, 1983). It was hypothesised that B12 be
normal at baseline and it was not expected to change throughout the dietary

trial periods of the study.

Red Cell Folate may be low in persons with macrocytic anaemia. Folate, found in
plant and animal foods, can be absorbed from the entire length of the small
bowel. Red cell folate was measured to ensure children in this study were not
anaemia. It was hypothesised that red cell folate be normal at baseline and it

was not expected to change throughout the dietary trial periods of the study.
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Urea is a by-product of protein metabolism (Dunstan, 2000). It was
hypothesised that urea be normal at baseline and it was not expected to change

throughout the dietary trial periods of the study.

Creatinine is also a by-product of creatine metabolism and an indicator of renal
function. High levels also occur in the blood when there is a higher breakdown
of skeletal muscle (Dunstan, 2000). It was hypothesised that creatinine be
normal at baseline and it was not expected to change throughout the dietary

trial periods of the study.

Total protein is a measure of the total proteins, albumin and globulins present in
the blood serum (Sacher, 2000). It was hypothesised that total protein be
normal at baseline and it was not expected to change throughout the dietary

trial periods of the study.

Albumin is an indicator of nutritional status (Sacher, 2000). It was hypothesised
that albumin be normal at baseline and it was not expected to change

throughout the dietary trial periods of the study.

GGT, Alkaline Phosphatase, ALT and AST are liver function enzymes. It was
hypothesised that these liver function enzymes be normal at baseline and not

expected to change throughout the dietary trial periods of the study.

Copper is absorbed from the intestinal tract and used as an enzyme in many
important reactions in the body (Shils et al., 1994). It was hypothesised that
copper be normal at baseline and not expected to change throughout the

dietary trial periods of the study.

Serum zinc and red cell zinc are absorbed from the small intestine tract and is
used as a co-factor for making energy, plays an important role in growth and
development, the immune response and reproduction (Shils et al., 1994). Zinc

deficiency causes changes in taste acuity and can be related to fussy eating. It
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was hypothesised that zinc be normal at baseline and not expected to change

throughout the dietary trial periods of the study.

ASO titre and AntiDnaseB titre are indicators of the presence of an acute or
chronic streptococcous A infection in the blood (Kaplan et al., 1997). It was
hypothesised that ASO titre and AntiDNaseB titre be normal at baseline and not

expected to change throughout the dietary trial periods of the study.

IgA, 1gG, IgM, IgE are biochemical markers indicating an immune response
(Brostoff and Challacombe, 2002). It was hypothesised that these markers may
have been abnormal at baseline and may have changed throughout the dietary

trial periods of the study.
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Appendix 3a: Ethics approval certificate 2003
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Appendix 3b: Ethics approval certificate New England
Health
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Appendix 3c: Ethics approval certificate Hunter Area
Research Ethics Committee
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Appendix 3d: Ethics approval certificate for variation
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Appendix 4a: Milk Free Shopping Guide
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Appendix 4b: Ingredients to look for on packaging

Cows milk protein free diet

Following a dairy free diet is not simply eliminating dairy products such as milk,
yoghurt and cheese. These foods are commonly included as ingredients in other foods.

Look for the following words or items in ingredients lists (ingredients to avoid

Dairy

Milk, milk powder, milk protein
Milk solids, non-fat milk solids
Skim milk solids, skim milk powder, skim milk protein
Casein or sodium caseinate
whey protein, whey powder
Cheese, cheese powder
Yoghurt

Cream

Sour cream

Ice-cream

Butter, margarine

Chocolate

Lactose (milk sugar)

Beverage whitener
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Appendix 5: Poster advertising study
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Appendix 6: Notices for Division of GP Newsletter
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Appendix 7a: Information package for participants,
Newcastle

The UNIVERSITY
of NEWCASTLE School of Health Sciences

AUSTRALIA The University of Newcastle
CALLAGHAN NSW 2308

Telephone: 024921 5649

Facsimile: 024921 6984

CONSENT FORM

Consent form, dietary intervention group, Newcastle. An investigation into constipation in children.
Version 10 dated 16/05/05

| agree for my child........................................ to paricipate in the above

research project and give my consent freely.

| understand that the project will be conducted as described in the Information

Sheet, a copy of which | have been given.

| understand that | am free to withdraw my child from this study at any time and do
not have to give any reason for withdrawing. | also understand that withdrawing my
child from the study will not incur disadvantages or penalties to my child or my self
regarding his/fher medical tfreatment in any way.

| consent to:

e A standard nutrition consultation with Elesa Crowley, Dietitian,
e Placing my child on a prescribed, normal cow's milk-free diet for 6 weeks with

2 milk trials, as decided by chance assighment for six weeks.
e Having three additional 6ml samples of blood collected while blood required
for routine tests is taken from my child.
e Providing three samples of my child’s urine and faeces.
| understand that my child's personal information will remain confidential to
researchers.
| have had the opportunity to have questions answered to my satisfaction.
| give permission for the dietitian conducting the research to contact me on the
details | have provided below, to arrange a consultation at a time convenient to my

child and myself.

STIBTHIIEY s vt mini s i e TR ST S T Date..

Preferred method of contact - Telephone/Fax/Email:
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T/%, UNIVERSITY Dr Lauren Williams
School of Health Sciences

Of NEWCASTLE The University of Newcastle
AUSTRALIA CALLAGHAN NSW 2308

Telephone: 024921 5649
Facsimile: 024921 6984

INFORMATION SHEET

Information Sheet for dietary intervention group, Newcastle. An investigation into
constipation in children. Version 10 dated 16/05/07
Your child is invited to take part in the research project identified above which is
being conducted by Elesa Crowley from the School of Health Sciences at The
University of Newcastle. Elesa Crowley is a dietitian currently undertaking research
for her Masters Degree at the University of Newcastle. Please ensure you discuss
this study with your child. Your child's refusal to participate will mean that he/she will

not be included in the study.

What is the purpose of this research?

The purpose of this research is to investigate a possible relationship between the
dietary intake of milk and constipation. Constipation may have a number of causes.
There are therefore a number of treatment options, one of which may be a cow's
milk protein free diet. Cow's milk is a popular drink and food base containing many
nutrients. This study is not seeking to alter this perception. Instead, it is thought that
some children, a small percentage of the population, are sensitive to cow's milk
although they may not realise it. Elesa is attempting to refine our understanding of
this possible adverse reaction to milk by measuring changes in blood, urine and

faeces.

Wheo can participate in this research?
We are seeking 60 children, aged between 18months and 12 years, with
constipation to go on a cow's milk protein free diet for 6 weeks. Your child has been

identified by your paediatrician as a suitable participant for this study.

What choice do you have?
Participation in this research is entirely your choice and the choice of your child.

Only those people who give their informed consent will be included in the project.
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The UNIVERSITY

Dr Lauren Williams
()f NEWCASTLE School of Health Sciences
AUSTRALIA The University of Newcastle

CALLAGHAN NSW 2308
Telephone: 024921 5649
Facsimile: 0249216984

What would a dairy free diet involve?
Dietary intervention information sheet. An investigation into constipation in children. Version 10
dated 16/05/07
If you consent to your child taking part in this study, it will be necessary for them to follow a

diet free of commonly available cows milk protein for a six-week period. This would involve
reading all food labels and avoiding all foods containing the following ingredients:

Ingredients to AVOID

Milk, milk solids, non-fat milk solids, skim milk solids, casein, sodium caseinate,
whey, whey powder, cheese, cheese powder, yoghurt including soy yoghurt, cream,
butter and lactose.

Instead, your child may be assigned an alternative milk group. These will be |abelled A or

B. You will assigned one type for the first 2 and another for the last 2 weeks of the study.

Cows Milk Group This will be the ordinary commercially available .

Soy Milk Group This will be Sanitarium So Good.

A2 Milk Group This will be Fairbrae A2 Milk. A2 milk is already commercially available in
Northern New South Wales. This milk will be provided for you at no cost.

Whichever group your child is assigned to, the appropriate milk substitute will be provided
for you at no cost.

Instead of your usual butter or margarine, your child will need to use Nuttelex, Becel or
Milk-Free Canola margarine.

Additional information:

« Most breads are naturally milk free.

« Some breakfast cereals contain milk products so you would need to check the
label for the above ingredients.

» Many commercially prepared cakes and biscuits contain milk products. Specifically
labelled milk free biscuits and cakes are available.

« You could also alter your existing recipes and simply replace butter or margarine
with one of the suggested margarines and milk with the type of milk alternative you
are assigned.

Other suitable food and beverage replacements will be discussed with you and your child
during the dietary consultation should you choose to take part in this study. Calcium intake

would also be addressed as would any other dietary issues for you and your child.
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Appendix 7b: Information package for participants,

Tamworth
The UNIVERSITY Dr Lauren Williams
of NEWCASTLE School of Health Sciences
AUSTRALIA The University of Newcastle

CALLAGHAN NSw 2308
Telephone: 024921 5649
Facsimile: 024921 6984

CONSENT FORM

Consent form, dietary intervention group, Newcastle. An investigation into constipation in children.
Version 10 dated 16/05/05

| agree for my child.........................c fo participate in the above

research project and give my consent freely.

| understand that the project will be conducted as described in the Information

Sheet, a copy of which | have been given.

| understand that | am free to withdraw my child from this study at any time and do
not have to give any reason for withdrawing. | also understand that withdrawing my
child from the study will not incur disadvantages or penalties to my child or my self
regarding hisfher medical treatment in any way.

| consent to:

e A standard nutrition consultation with Elesa Crowley, Dietitian,
e Placing my child on a prescribed, normal cow's milk-free diet for & weeks with

2 milk trials, as decided by chance assignment for six weeks.
e Having three additional 6ml samples of blood collected while blood required
for routine tests is taken from my child.
e Providing three samples of my child’'s urine and faeces.
| understand that my child's personal information will remain confidential to
researchers.
| have had the opportunity to have questions answered to my satisfaction.
| give permission for the dietitian conducting the research to contact me on the
details | have provided below, to arrange a consultation at a time convenient to my

child and myself.

SIGNATUIE. oo Date:.

Preferred method of contact - Telephone/Fax/Email:
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T/” UNIVERSITY Dr Lauren Williams
School of Health Sciences

gf NEWCASTLE The University of Newcastle
AUSTRALLA CALLAGHAN NSW 2308

Telephone: 024921 5649
Facsimile: 024921 6984

INFORMATION SHEET

Information Sheet for dietary intervention group, Tamworth. An investigation into
constipation in children. Version 10 dated 16/05/07
Your child is invited to take part in the research project identified above which is
being conducted by Elesa Crowley from the School of Health Sciences at The
University of Newcastle. Elesa Crowley is a dietitian currently undertaking research
for her Masters Degree at the University of Newcastle. Please ensure you discuss
this study with your child. Your child’'s refusal to participate will mean that hefshe will

not be included in the study.

What is the purpose of this research?

The purpose of this research is to investigate a possible relationship between the
dietary intake of milk and constipation. Constipation may have a number of causes.
There are therefore a number of treatment options, one of which may be a cow's
milk protein free diet. Cow's milk is a popular drink and food base containing many
nutrients. This study is not seeking to alter this perception. Instead, it is thought that
some children, a small percentage of the population, are sensitive to cow's milk
although they may not realise it. Elesa is attempting to refine our understanding of
this possible adverse reaction to milk by measuring changes in blood, urine and

faeces.

Who can participate in this research?
We are seeking 60 children, aged between 18months and 12 years, with
constipation to go on a cow's milk protein free diet for 6 weeks. Your child has been

identified by your paediatrician as a suitable participant for this study.

What choice do you have?
Participation in this research is entirely your choice and the choice of your child.
Only those people who give their informed consent will be included in the project.

Whether or not you decide to allow your child to participate, your decision will not
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The UNIVERSITY

Dr Lauren Williams
Of NEWCASTLE School of Health Sciences
AUSTRALIA The University of Newcastle

CALLAGHAN NSW 2308
Telephone: 024921 5649
Facsimile: 0249216984

What would a dairy free diet involve?
Dietary intervention information sheet. An investigation into constipation in children. Version 10
dated 16/05/07
If you consent to your child taking part in this study, it will be necessary for them to follow a

diet free of commonly available cows milk protein for a six-week period. This would involve
reading all food |abels and avoiding all foods containing the following ingredients:

Ingredients to AVOID
Milk, milk solids, non-fat milk solids, skim milk sclids, casein, sodium caseinate,
whey, whey powder, cheese, cheese powder, yoghurt including soy yoghurt, cream,
butter and lactose.

Instead, vour child may be assighed an alternative milk group. These will be labelled A or
B. You will assigned one type for the first 2 and another for the last 2 weeks of the study.

Cows Milk Group This will be the ordinary commercially available .

Soy Milk Group This will be Sanitarium So Good.
A2 Milk Group This will be Fairbrae A2 Milk. A2 milk is already commercially available in
Northern New South Wales. This milk will be provided for you at no cost.

Whichever group your child is assigned to, the appropriate milk substitute will be provided

for you at no cost.

Instead of your usual butter or margarine, your child will need to use Nuttelex, Becel or

Milk-Free Canola margarine.

Additional information:

» Most breads are naturally milk free.

* Some breakfast cereals contain milk products so you would need to check the
label for the above ingredients.

s Many commercially prepared cakes and biscuits contain milk products. Specifically
labelled milk free biscuits and cakes are available.

* You could also alter your existing recipes and simply replace butter or margarine
with one of the suggested margarines and milk with the type of milk alternative you
are assigned.

Other suitable food and beverage replacements will be discussed with you and your child
during the dietary consultation should you choose to take part in this study. Calcium intake
would also be addressed as would any other dietary issues for you and your child.
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Appendix 8: Encopresis Evaluation Chart
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Appendix 9: Dietitian assessment form
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Appendix 10: Constipation diary




172

Appendix 11: Questions for debriefing interview
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Appendix 12: Ethics approval for qualitative study
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Appendix 13: Revised consent form for qualitative

interviews

Dr Lauren Williams
T/?ﬁ' UN IVERSITY School of Health Sciences
The University of Newcastle
Of N EWC A S T LE CALLAGHAN NSV 2308
AUSTRALIA Telephone: 024921 5649
Facsimile: 024921 6984

CONSENT FORM

Consent form, dietary intervention group, Newcastle. An investigation into
constipation in children. Version 7 dated 16/5/2007

| dgree: Tor my BRIl . .o iiiin o mmmssassim s fo participate in the above

research project and give my consent freely.

| understand that the project will be conducted as described in the Information

Sheet, a copy of which | have been given.

| understand that | am free to withdraw my child from this study at any time and do
not have to give any reason for withdrawing. | also understand that withdrawing
my child from the study will not incur disadvantages or penalties to my child or my
self regarding hisfher medical treatment in any way.

| consent to:

A standard nutrition consultation with Elesa Crowley, Dietitian,
e Placing my child on a prescribed, normal cow's milk-free diet for 6 weeks

with 2 milk trials, as decided by chance assignment for six weeks.
e Having three additional 6ml samples of blood collected while blood
required for routine tests is taken from my child.
e Providing three samples of my child's urine and faeces.
o Afollow up debriefing interview after the conclusion of the dietary trials
| understand that my child’'s personal information will remain confidential to
researchers. | have had the opportunity to have questions answered to my
satisfaction.l give permission for the dietitian conducting the research to contact
me on the details | have provided below, to arrange a consultation at a time

convenient to my child and myself.

e L = Date:.
Preferred Method of contact: Telephone/Fax/Email.........................e.e.
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Appendix 14: Letter to previous participants for
qgualitative study
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Appendix 15: Consent for debriefing interview
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