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Abstract

Children with speech sound disorders (SSD) constitute the largest population of
referrals to speech and language therapy (SLT) services (Broomfield & Dodd, 2004).
This study aims to identify potential early risk factors for SSD at the critical ages of
two-five years by investigating the relationship between different infant feeding
regimes (exclusive breastfeeding, bottle and mixed feeding), non-nutritive sucking
(NNS) and motor development of speech in early childhood. If a relationship is
identified, this will support parents to make informed care choices from birth
onwards, as well as reinforcing national public health messages and maximising
positive long-term health and social outcomes for children. This study contains three
independent but related strands. Strand One used data from the Avon Longitudinal
Study of Parents and Children (ALSPAC) to investigate the relationship between
feeding, NNS and speech development at ages two and five in a longitudinal cohort
study. Strand Two collected data as part of the ALSPAC Generation Two study
(ALSPAC-G2) to look at feeding, NNS and speech development in two- to four-year-
olds. Strand Three used NHS SLT clinical caseload data to investigate the feeding
histories of children aged two-five years diagnosed with SSD and determine whether
a greater proportion were exposed to one particular type of feeding regime and/or
NNS than would occur in the general population. Children participating in Strands
Two and Three completed detailed standardised speech sound assessments. Data
on potential confounding variables for speech was collected and included in the
analysis. Speech articulation skills and phonetic inventory were described in detail
and statistical analysis undertaken to identify differences between groups of children
fed by different methods and with different NNS behaviours. Relationships between
variables, and specifically the role that feeding and NNS plays in the speech
development of children with and without SSD, were explored. The study found that
different patterns of feeding and NNS were associated with different speech sound
outcomes between ages two-five years. Longer duration of exclusive breastfeeding
was indicated to be associated with reduced parental concern about speech at age
18 months. Associations between feeding and specific consonant sound errors were
observed. Exclusive breastfeeding was found to be associated with markedly
reduced likelihood of alveolar sound errors at age 5 years compared with exclusive

bottle feeding. NNS was not shown to have an impact on speech sound development

16



at age 5 years. The findings of this study were explored in the context of relevant
theoretical mechanisms for sucking and speech sound development. Implications
for clinical practice and public health messaging are described, and

recommendations for future research are outlined.
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Chapter One: Introduction

1. Overview of the chapter

This chapter sets out the nature and scope of this PhD study, including the
background, rationale and positioning within the field of speech and language
therapy (SLT) research. Research aims are stated, together with an outline of

potential benefits of this research for clinical practice and health economics.

2. Structure of the thesis

Chapter Two of this thesis presents a published systematic review of the current
state of the literature with regard to the association between infant feeding
methods, non-nutritive sucking (NSS) behaviours and speech sound development
in early childhood (Burr et a/, 2020). Clearly defined research questions for this PhD
study are presented. Chapter Three describes the three strands of this study and
the methods applied in each. Chapter Four presents the results from each of the
three study strands. Summary sections are presented at the end of each strand to
support the readers’ understanding. Chapter Five explores the study findings in the
context of theoretical mechanisms and current evidence, together with an
examination of the strengths and limitations of the present study. Chapter Six sets
out the clinical implications of the findings and describes future directions for

research. The contribution to knowledge made by this is outlined.

3. Background and rationale for this study

Speech sound disorders (SSDs) are one of the most prevalent conditions seen by
SLTs (Broomfield and Dodd, 2004; McKinnon, McLeod and Reilly, 2007; Eadie et al,
2015; Wren et al, 2016). This is the single largest population on SLT caseloads, with
an estimated direct annual cost to the NHS of £24 million (Enderby et a/, 2009).
SSDs occur when there is a difficulty or delay in producing sounds for speech
(Bowen, 2015). Children with SSD are at significant risk of poor long-term outcomes
with regard to their mental health (Muir, et a/ 2011; McAllister, Collier and
Shepstone, 2013), familial and social integration (Hitchcock, Harel and Byun, 2015),
educational attainment (Hesketh, 2004; Nathan et a/, 2004; Roulstone et a/, 2011;
Wren et al, 2021), involvement with the criminal justice system (Bryan, Freer and

Furlong, 2007) and employment prospects (Felsenfeld, Broen and McGue, 1994;
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Elliott, 2011). Identification of early risk factors for SSD is fundamental to the
challenge of reducing the impact that the condition has for young children’s long
term conditions (Churcher, 2016). Previous research in this field has contributed to
the development of a profile of risk for SSD (Fox, Dodd and Howard, 2002; Campbell
et al, 2003; Harrison and McCleod, 2010; Wren et a/, 2016). This study explored
whether information about early feeding and NNS behaviours should be included as

part of this risk profile.

4. The relationship between speech and language

While positive outcomes for language have been associated with breastfeeding
compared with bottle feeding (Oddy, Robinson and Whitehouse, 2012;
Jedrychowski et a/, 2012; Belfort et al, 2013; Lee et al, 2016; Huang, Vaughn and
Kramer, 2016), the relationship between feeding and speech sound development is
not clear (Fox, Dodd and Howard, 2002; Burr et a/, 2020). Much of the evidence
advocating for the benefits of breastfeeding relates to the importance of breast milk,
rather than the significance of the feeding mechanism itself. Within this study it is

the latter that is of interest.

Previous research has suggested a relationship between feeding and general oral
motor development (Evans-Morris, 1998; Dee et a/ |, 2007; Pollock, 2013), and
general oral motor skills have been positively associated with speech sound
development (Ruark and Moore 1997; Alcock, 2006). However, direct links between
feeding and speech sound development have not been found. If language skill is
related to speech sound development (Lewis, Freebairn and Taylor, 2000a, 2000b;
Lewis, Freebairn and Taylor, 2002; Sices et al, 2007; Hayiou-Thomas, 2008), the
earlier developing articulatory aspects of speech, such as babbling and early sound

development, require precise investigation.

From this articulatory standpoint, investigation of the physical mechanism of speech
sound development with regard to feeding is vital because the two processes use
similar muscle groups and movements, the learning and mastery of which involve
sensory motor feedback (e.g., Parrell and Houde, 2019). Although evidence for a
relationship between speech and non-speech mechanisms is mixed (Ruark and

Moore, 1997; Watson and Lof, 2008; Bunton, 2008; Clark, 2008; Wilson etal, 2008;
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Wilson and Nip, 2010; Wren et a/, 2016), it seems improbable that the intense motor
and somatosensory learning experience from early sucking behaviours in infancy
could have no impact on subsequent speech sound development (Burr et a/, 2020).
Building on the presented evidence, and identified gaps in the literature, this study
examined the direct relationship between feeding, NNS and speech sound

development in early childhood.

5. Theoretical mechanisms

Pertinent theories that underpin the rationale for this study are outlined in the
following sections. Evidence from studies that have explored sucking mechanisms
for feeding, the early somatosensory experience of infants and the variability of

child speech sound development is presented.

5.1. Sucking mechanisms for breast feeding, bottle feeding and non-
nutritive sucking (NNS)

Several factors related to infant feeding, such as socioeconomic status and maternal
education, are already known to impact speech sound development (Kramer and
Kakuma, 2004; Reilly et a/, 2010), but the potential association between speech
sound development, infant feeding and sucking patterns remains underexplored. A
number of studies cite the advantages of breastfeeding over bottle feeding, with
positive cognitive outcomes cited for language and learning in later childhood
(Oddy, Robinson and Whitehouse, 2012; Jedrychowski et a/, 2012; Belfort et al,
2013; Lee et al, 2016; Huang, Vaughn and Kramer, 2016). While the alleged
detrimental impact of NNS (dummy/finger sucking) on speech development has
been widely debated (Fox, Dodd and Howard, 2002; Shotts, McDaniel and Neeley,
2008; Barbosa et a/, 2009; Vieira, de Aratjo and Jamelli, 2016; Pereira, Oliveira and
Cardoso, 2017; Baker et a/, 2018; Strutt, Khattab and Willoughby, 2011), the impact
of different feeding and sucking behaviours on motor development for speech has
not received such thorough investigation. From a mechanical perspective, different
feeding and sucking behaviours present subtly different oro-motor experiences for
the child. The act of dummy or digit sucking involves maintaining a synthetic teat
in the mouth for a sustained period of time, which physically restricts the
movements of some of the articulators for speech while in situ (Strutt, Khattab and

Willoughby, 2021). Some children may use a dummy for much of the day while
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others may only use it at night. These different patterns of behaviour restrict
movements for speech to different extents, but it is not currently clear whether
there is an associated impact on early speech sound development (Burr et a/, 2020).
The mechanisms for successful bottle and breastfeeding are described and
compared in the literature, with differences in sucking frequency, pressure and
muscle activity highlighted (Woolridge, 1986; Eishima, 1991; Palmer, 1998; Neiva
et al, 2003; Weiss, 2003; Geddes et al/, 2008; Moral et a/, 2010; Harding, 2014;
Geddes and Sakalidis, 2015). Although previous research has described the impacts
of different feeding methods and NNS behaviours on dentition and general oral
development (Palmer, 1998), the direct relationship between feeding, sucking and

speech sound development has not been thoroughly measured and explored.

An important consideration with regard to this relationship is the physical structure
of the teat on a bottle and dummy, compared to a human nipple. The materials
required for bottle feeding and NNS are largely stable and consistent. The bottle
and synthetic teat both have physically stable forms and the rate of milk flow from
the bottle is regularised by the size of the teat hole and the sucking action applied
by the child (Eishima, 1991). Dummy sucking also involves a synthetic teat with a
relatively stable form, for which the sucking mechanism more closely resembles
bottle feeding than breastfeeding (Eishima, 1991).

In contrast to the synthetic teat used in bottle feeding and NNS, the human breast
is considerably more malleable. During lactation, hormonal fluctuations influence
human breast tissue on an hourly and daily basis, causing changes in breast volume
and firmness, as well as the shape and elasticity of the nipple and areola complex
(Elad et a/, 2014; Alex, Bhandary and McGuire, 2020). To successfully feed from the
breast, infants have to be responsive and adaptable to these changes (Elad et aj,
2014). The human nipple is more elastic than a synthetic teat and is drawn further
into the baby’s mouth during feeding (Elad et a/, 2014). Sustained oral pressure is
required to maintain the ‘latch’, extending the nipple, and holding it in the mouth
during feeding (Woolridge, 1986; Palmer, 1998; Elad et a/, 2014). Motor movements
of the jaw and tongue must be coordinated with the action of the mother’s milk
ejection reflex (Woolridge, 1986). In this way, breastfeeding may be seen as a more

motorically dynamic and variable oral experience compared with bottle feeding. It
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is these differences in the sucking mechanisms, which are hypothesised in this study

to influence early speech sound development.

5.2. Early somatosensory and motor experience

The relationship between the early development of sensory and motor processes by
which children develop their speech sounds and how this relates to breast and bottle
feeding mechanisms is currently not clear. Evidence for early motor activity driving
somatosensory development and providing foundations for general oral motor
programs has previously been highlighted in the literature, but without specific

regard to feeding and motor development for speech (Khazipov et a/, 2004).

Drawing on the evidence from studies of breast and bottle feeding (Eishima, 1991;
Mizuno and Ueda, 2006; Elad et a/, 2014; Harding, 2014), which describe subtly
different motor mechanisms for breast and bottle feeding and NNS, this study has
considered whether these diverse early somatosensory and motor experiences
inform learning at a representational level, which then influences early speech sound
development. We know that babies learn about objects in their environment by
mouthing them (e.g., Ruff, 1984; Ruff and Dubiner, 1987; Groot, Lekkerkerk and
Steenbekkers, 1998; Juberg et a/, 2001), and it is understood that “ora/ sensations
provide an important interface experience, of both the objects in the mouth, and of
the states and movements of the mouth itself’ (Haggard and de Boer, 2014, p.470).
This “somatosensory information from the oral tissues is important in motor control
[...] for speech.” (Haggard and de Boer, 2014, p.482). The theoretical model of
somatosensory processing presented by Haggard and de Boer (2014) describes
three levels of perceptual somatosensory awareness, which underpin a child’s early

oro-motor experience (Figure 1).
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Figure 1. Three levels of somatosensory representation. Adapted from Haggard and de Boer, (2014)
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When children suck a synthetic teat, human nipple, plastic dummy or their own
finger, mechanoreceptors convey this rich and complex information to the brain
(Poore and Barlow, 2009; Haggard and de Boer, 2014). This information is
understood to be stored at the level of representation, from which feedforward and
feedback processes inform speech motor planning, programming, and execution, as
depicted in the model of the Speech Disorders Classification System (SDCS) (The
Phonology Project, 2022) (Figure 2). The SDCS is a classification system for
paediatric SSDs of unknown origin with a focus on classification by aetiology
(Shriberg et a/, 2010). The model highlights the role of motor and somatosensory
input and processing in speech sound production (Figure 2). It is these influences
from different patterns of early feeding and sucking behaviours that are
hypothesised in this study to influence different patterns of speech sound

development in childhood.
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5.2.1.The relationship with speech processing

There are different theoretical models of speech processing which bring together
the motor skills involved in speech with cognitive processes. One such model is the
Stackhouse and Wells (1997) Psycholinguistic Framework, which presents the
underlying speech processing skills, including phonological representations and
motor programming and planning (Figure 3). This model can be used to identify the

level of breakdown for children with SSD, and to guide clinical assessment and

intervention.
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Figure 3. The Psycholinguistic Framework (Stackhouse and Wells, 1997)

We know from the evidence that information stored within the level of
representation informs the motor planning and production of speech sounds

(Stackhouse and Wells, 1997; Dodd and Mclntosh, 2010; The Phonology Project,
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2022). If this is the level at which learning from somatosensory and motor
experience is stored, then it is conceivable that different sucking experiences may

influence how children develop their speech sounds.

It is not suggested that different patterns of sucking in infancy have a causal effect
on speech sound development, but rather that there may be some level of influence
as part of a wider, highly complex picture of development that evolves over time.
From a dynamic systems perspective, “at a very global level, the constraints
imposed by our biological heritage and [...] similarities in human environments [...]
result in similar developmental outcomes” (Thelen and Smith, 2007, p.302). This
assertion helps to illustrate how, while we may observe differences and variability
in early speech development, for the most part these reduce over time, and ‘typical’
developmental stages and outcomes are observed. For those children who continue
to exhibit clinically significant developmental differences, the influences exerted by
factors, such as early oro-motor experiences, may offer valuable insights into these

patterns.

5.3. Variability in early speech sound development

Individual differences may arise from the influence of real-time events with the
child’s experience and environment, and at the microlevel, development is likely to
appear very messy (Thelen and Smith, 2007). Because systems, such as early child
speech sound development, are always in flux, the key dimension of interest is the
relative stability of behaviour in context over time, from which we can gauge a

developmental trajectory (van Geert, 2000).

At age two years, the child’s speech sound system is in a state of flux with high
variability, but at the same time, emerging signs of self-organisation and regulation,
such as decreasing error rates for sounds known to develop earlier in childhood
(Stoel-Gammon and Dunn, 1985; Grunwell, 1987; Vihman, 1996; Dodd et a/, 2003,
Broomfield and Dodd, 2004). Examination of the influence of sucking behaviours on
speech sound development at this age could provide insights for comparison with

development later in childhood to support early identification of SSD.

As the system self-organises and stabilises around age five years, less ‘noise’ is
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observed in the data as other influential factors (adult speech models, self-
regularisation) come in to play (Vihman, 1996; Roulstone et a/, 2009). At age five
years, we may see the stronger influences of early sucking patterns on speech sound
development as the variability observed in early development diminishes. This
theory is not supported by Smith and Gerber (1993), who state that, if feeding had
an influential role in speech sound development, then it would be unlikely to be
seen at age five years without the effect also being observed in earlier development.
However, it may be that the developmental ‘noise’ observed at age two years could

mask some of the more enduring influences observed later in childhood.

Evidence from the theoretical mechanisms presented in this chapter support the
rationale for examining whether early sucking behaviours (nutritive and non-
nutritive) influence the development of speech sounds in young children. If a
relationship between feeding, NNS and speech development in early childhood is
identified, this will be vital to enable parents to make informed care choices from
birth onwards, as well as informing national evidenced-based public health
messages and maximising positive long-term health and social outcomes for

children.

6. Justification for the systematic review

The described theoretical mechanisms have given rise to a number of questions
with regard to the relationship between feeding, NNS and early speech sound
development in childhood. To fully explore what is available in the current evidence
in relation to these issues a systematic review of the available literature was
conducted (Burr et al, 2020) (chapter two).

7. Potential benefits of this research

Identification of evidence indicating a relationship between feeding regime, NNS
and speech sound development could add support to local and national public health
strategies and campaigns. If different patterns of speech sound development are
found to be associated with different feeding methods, an investigation could
explore whether different SLT assessment and intervention methods are warranted
for breast versus bottle fed children. A more targeted approach to assessment

and/or intervention could increase efficiency and quality of SLT care, while greater
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awareness of early risk factors for SSD with regard to feeding and NNS could
reinforce universal and targeted care packages delivered by Health Visitors and

Midwives.

8. Health economics

Increasing financial pressures on NHS SLT services necessitate identification of
opportunities for maximising therapeutic effectiveness and efficient use of limited
resources. If the findings of this study support a focus on more targeted assessment
and intervention for children with SSD, this will lead to more efficient use of SLT

time and resources.

Highlighting these potential early risk factors for SSD with regard to feeding and
NNS through public health messaging and awareness campaigns could achieve a
certain preventative effect and reduce numbers referred for this client group. This
could potentially reduce the current estimated annual £24 million burden on NHS
SLT services, as well as wider financial implications for the national economy with

regard to employment and social care.
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Chapter Two: Systematic Literature Review

1. Overview of the chapter

This chapter presents the current available evidence for the relationship between
infant feeding, NNS and speech sound development in the first five years of life. A
published systematic review (Burr et a/, 2020) is presented as a research output
from this study (Appendix A). Relevant updates to the review, which have added to
the available evidence since the publication by Burr et a/ (2020), are provided.

Finally, the primary and secondary research questions for this study are outlined.

2. Summary of the systematic review

A systematic review of the literature was conducted to synthesise the evidence for
the relationship between feeding and NNS on speech sound development in
children. Searches were conducted using a range of electronic databases and a
mainstream search engine. From 1031 initial results, four primary studies met the

eligibility criteria for inclusion in the review (Burr et a/, 2020).

To ensure all available evidence had been reviewed and appraised prior to
completion of this PhD study, searches from Burr et al (2020) were repeated to
identify relevant publications after February 2020. While a small number of new
studies were identified that focussed on NNS and early speech sound development
(Barca, 2021; Strutt, Khattab & Willoughby, 2021), none were found that explored

the relationship between feeding, NNS and speech sound development.

The review found that the evidence for a relationship between feeding, NNS and
speech sound development was limited, inconsistent and inconclusive (Burr et a/,
2020). There was limited and mixed evidence for a relationship between feeding
and speech sound development or SSD (Burr et a/, 2020). Weak or no evidence for
an association between bottle feeding and poorer speech development outcomes
were indicated by the retained studies. Longer duration of breastfeeding was
indicated in some studies to be beneficial for speech development (Burr et a/, 2020).
With regard to NNS, half of the included studies found some association with poorer

outcomes for speech in early childhood, with longer duration of NNS associated with
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increased occurrence of SSDs (Burr et al, 2020).

The findings of the review highlight the gaps in the current evidence for the potential
influence that early feeding and sucking behaviours may have on child speech sound
development. Exploring this relationship is important because of the overlapping
physical mechanisms for feeding, sucking and speech sound development, as
described in chapter one of this thesis. Better understanding of the impact that early
feeding and sucking behaviours may have on speech sound development in early
childhood could inform clinical understanding of early assessment and intervention
for SSDs. This could serve to improve outcomes for children with SSDs by optimising
specialist clinical care, as well as reinforcing public health messages to support

parents to make informed choices about how they care for their children.

3. Research aims, objectives and questions

The aim and objectives of this study build on the findings of the systematic review
and the theoretical mechanisms that underpin clinical understanding of the motor
and sensory mechanisms for feeding, sucking and speech sound development
(chapter one). The hypothesis of this study is that different sucking behaviours
(nutritive and non-nutritive) in early childhood influence speech sound development
in different ways. This study aimed to establish whether there is a relationship
between different infant feeding methods, NNS and speech sound development, to
identify risk factors for potential SSD in pre-school children. The objectives of this

study were:

e To understand and describe how the mechanisms of breast feeding, bottle

feeding and NNS relate to early oral motor development for speech.

e To identify potential indicators of SSD with regard to feeding and sucking,
for inclusion and consideration in routine SLT assessment to inform
appropriate selection of specific clinical management and intervention

approaches.

e To make recommendations for further study based on the findings of this

work. This may include intervention studies, longitudinal follow-up or further
32



investigation into determining the mechanism behind the influence that

particular feeding regimes and NNS may have on early speech development.

e To make recommendations based on the findings of this study for SLTs and
other health professionals, in supporting the early identification of children

at risk of developing SSD.

e To identify any public health messaging with regard to infant feeding and
NNS.

The research questions were developed from these objectives and the findings of
the systematic review. The questions, and rationale for this study, were further
informed and endorsed by patient and public involvement and engagement (PPIE)
activities with families of children with SSD and health professionals (see chapter
three, section three). Specifically, parents and professionals wanted to know
whether SSD can be linked to some extent to a particular type of feeding or NNS.

The research questions for this study were as follows:

Primary research question
Is there a relationship between infant feeding regime and speech development in

the first five years of life?
Secondary research questions
e Isthere a relationship between NNS and speech development in the first five
years of life?
e Within a population of children diagnosed with SSD, are different patterns of
speech disorder observed in children with different histories of infant feeding

regime and NNS?

¢ What are the potential indicators of SSD with regard to feeding and NNS?
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Chapter Three: Methodology

1. Overview of chapter

This chapter outlines the structure of this PhD study, and the three different strands,
which it comprises. Details of the PPIE activities undertaken within this study are
presented. The methodologies for each of the three strands of this study are
described and directed acyclic graphs (DAGSs) are presented to illustrate the nature

of the association(s) of interest in each strand.

2. Strands of the thesis

A study design comprising three separate, but related, strands was devised to
enable comprehensive examination of the relationship between feeding, NNS and
speech sound development in the first five years of life. The inclusion of normative
data from large-scale birth cohort studies (Strands One and Two) and clinical data
from NHS caseloads (Strand Three) allowed for comparison of findings across the

strands and data samples (Table 1).

34



Table 1. The three strands of this PhD study

Age of Child
18 Months 25 Months 36 Months | 48 Months 61 Months
Part B: Part B:
Feeding & Speech Sound Feeding & Speech Sound
Development Development
Part A: (Clinical speech assessment data of (Clinical speech assessment data of
Strand Feeding & children with/without SSD compared children with/without SSD compared
One Parent with feeding history) with feeding history)
Concern about
ALSPAC Speech Part C: Part C:
Data (Questionnaire NNS & Speech Sound NNS & Speech Sound
data) Development Development
(Clinical speech assessment data of (Clinical speech assessment data of
children with/without SSD compared children with/without SSD compared
with NNS history) with NNS history)
Part A: Feeding & Speech Sound Development
Strand (Clinical speech assessment data of children with/without SSD
Two compared with feeding history)
ALSPAC-G2 Part B: NNS & Speech Sound Development
Data (Clinical speech assessment data of children with/without SSD
compared with NNS history)
Strand Part A: Feeding & SSD
Three (Clinical speech assessment data of children with SSD compared with feeding history)
NHS Clinical Part B: NNS & SSD
Data

(Clinical speech assessment data of children with SSD compared with NNS history)
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3. Strand One: Avon Longitudinal Study of Parents and Children
(ALSPAC)

This strand describes the first step in exploring the primary research question of
this PhD study about whether there is a relationship between infant feeding regimes
and speech sound development in the first five years of life. Using data from a birth
cohort population sample, the Avon Longitudinal Study of Parents and Children
(ALSPAC), the secondary research questions of whether there is a relationship
between NNS and speech development in the first five years of life, and what
potential indicators of SSD there may be with regard to feeding and NNS are

explored.

This strand is comprised of three parts (Table 1):

A. the relationship between feeding regime (exposure variable) and parental

concern about speech development at age 18 months (outcome variable)

B. the relationship between feeding regime (exposure variable) and speech

error frequencies at ages 25 and 61 months (outcome variables)

C. the relationship between NNS (exposure variable) and speech error

frequencies at ages 25 and 61 months (outcome variables).

3.1. An overview of ALSPAC

The ALSPAC study is a world-leading birth cohort study, which collected biological,
environmental and lifestyle data from three generations of Bristol families in the
early 1990s (ALSPAC, 2021). The aim of the study is “to understand the ways in
which the physical and social environment interact, over time, with the genotype to
affect health, behaviour and development” (Golding and the ALPSAC Study Team,
2004). The ALSPAC data used in this study were collected in the 1990s by a team
of ALSPAC fieldworkers via face-to-face clinics, questionnaires and through access

to patient records (where consent was given) (ALSPAC, 2021).

The ALSPAC study offers a large and rich population dataset, which includes specific
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variables for feeding, NNS and speech sound development for the age group of
interest in this PhD study. For this reason, and with the support of PhD supervisors
with experience of accessing and working with the dataset and ALSPAC study team,
it was decided that the ALSPAC data should be used.

3.2. Research governance and ethics

This strand used existing data, which were collected prospectively in a community
population study (ALSPAC). Ethical approval to collect the data was obtained when
the study was set up and conducted in the 1990s. Permission to use the data for
the purpose of this study was obtained in May 2016, following submission of a

research proposal to the ALSPAC Executive Board for consideration (Appendix G).

3.3. Accessing ALSPAC data

The publicly available ALSPAC data dictionary and variable catalogue were accessed
from the ALSPAC study website and were examined to determine which variables
from the ALSPAC dataset would be used in the study. Support and guidance was
provided from the ALSPAC study team by a Data Buddy, who was allocated to
support identification and request of the required variables. A variable request form
was completed and submitted to the ALSPAC study team. The Data Buddy prepared
the requested data in Microsoft Excel format, which was then electronically sent via
the University of Bristol Facility for the Upload of Large Files (fluff) platform to the
PhD student. The data were further examined and explored using the software
analysis programme STATA 15 (StataCorp, 2017).

3.4. Study Sample

The ALSPAC sample included all pregnant women resident in Avon, UK with
expected dates of delivery 15t April 1991 to 31st December 1992 who had been
invited to take part in the study. The initial number of pregnancies enrolled was
14,541 (for these at least one questionnaire had been returned or a “Children in
Focus” clinic had been attended by 19t July 1999). Of these initial pregnancies,
there was a total of 14,676 foetuses, resulting in 14,062 live births and 13,988
children who were alive at one year of age. A 10% sample of the ALSPAC cohort,

known as the Children in Focus (CiF) group, attended clinics at the University of
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Bristol at various time intervals between four and 61 months of age. The CiF group
were chosen at random from the last six months of ALSPAC births (1,432 families
attended at least one clinic). Excluded were those mothers who had moved out of
the area or were lost to follow-up, and those taking part in other research. Clinical
speech sound assessment data were collected at two age points (25 and 61

months), resulting in 779 speech samples for children aged 61 months.

3.4.1. Inclusion criteria

Part A included the whole ALSPAC cohort of 15,445 children. Parts B and C explored
the 10% subset, the CiF group. In all cases, the maximum number of participants
who have data available for all of the measures of interest (exposure, outcome and

potential confounders) were included in the analysis.

3.4.2. Exclusion criteria

Children with the following diagnoses, which could impact early speech
development, were excepted from the analysis where it was possible to identify and
exclude them. Additional diagnoses, such as Down syndrome, cerebral palsy and
global developmental delay were also recognised as having potential impact on
speech development. It was not possible to identify children with these conditions
within the data, and therefore these did not form part of the exclusion criteria.
Children with English as an additional language were also excluded from the analysis

as this represented a further significant confounding factor (Hambly et a/, 2013).

e Sensorineural hearing loss
o C(left Lip +/- Cleft Palate +/- sub-mucous cleft palate (SMCP)

e Premature birth — due to the impact of enteral feeding.

3.5. Plan for analysis

The software programme STATA 15 was used throughout this PhD study
(StataCorp, 2017). Descriptive statistics were undertaken in the form of means,
standard deviations and proportions. The first stage of analysis for each of parts A,
B and C tested all variables for their association with the outcome variable. In all

cases regression coefficients, p values and 95% confidence intervals (CIs) are
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reported. Statistical advice was sought on missing data and repeated measures.
Variables with a pvalue of <.10 in univariable analyses were retained for use in the
multivariable analyses. This more tolerant level was used in order not to miss any
potentially influential variables at the point of univariable analysis (Wren et aj,
2016). In all multivariable analyses p<.05 was used as the threshold for significance.
Maternal age was retained in all regression models. This decision was based on
evidence from Roulstone et a/(2009), in a related study using the same data, which

indicated a potential association with speech sound development.

3.5.1. Exposure variables

The exposure variables for Parts A and B of Strand One are taken from the ALSPAC
parent self-report questionnaire data on feeding regime from the whole cohort at
three age points (four weeks (categorical), six months (binary) and 15 months
(categorical)). The three feeding groups are categorised as exclusive breastfeeding
(from age four weeks to at least age six months), exclusive bottle feeding (started
age four weeks or earlier and continued), and mixed feeding (both breast and bottle
feeding used at some point between age four weeks and 15 months). Although data
are available on feeding methods in the first three weeks of life, these have been
disregarded for the purpose of this study because of the variability of feeding
method that occurs during these first three weeks of life, as parents and infants
settle in to feeding and establish a routine. By age four weeks, the feeding routine
is likely to be more established and therefore a more reliable measure of feeding
can be obtained at this point (e.g., Buxton et a/, 1991). The criteria for exclusive
breast feeding were selected with PhD supervisors. For the second time point for
reporting feeding routine, data from age six months was used because this is an
important point in typical speech development as it is when children move from
cooing to babbling (Oller, 1980; Stark, 1980; Vihman, 1996). The primary interest
of this study concerns the mechanism of feeding (i.e., bottle or breast), rather than
milk type. It is acknowledged that, at the 15 month age point, children will have
also been eating solids to varying extents, however this is not the focus of the
present study. All subsequent references in the analysis to ‘exclusive’ breast or
bottle feeding refer to milk feeding methods only. It is important to note that the
data did not enable identification of those who may have responded to the

questionnaire as breastfeeding their child, but via expression and bottle, rather than
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direct from the breast. It is, therefore, not possible to rule out some potential

element of bottle fed breast milk within this sample.

Exact feeding group variable matches for the defined exposure criteria (section 3.2)
were not available within the dataset for two of the three age points. At age four
weeks, variables for the three main exposure groups were available in the dataset.
At six months and 15 months, feeding groups were determined using new variables

derived from the data set (
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Table 2). Specifically, at age six months, new variables were derived from a variable
for breast feeding from the original dataset (Question: Did you breast feed?
Response: 'Yes, still breast feeding, Yes but stopped prior to age six months,; Never
breast fed’). Because of the way these data were coded, it was not possible to
determine exclusively breast fed children from mixed fed children and so a binary
variable was derived for feeding at age six months. For the 15 month age group the
exclusively breast fed group were defined as those who were reported at age 15
months not to have started formula milk at all, or to have started having it at, or
after, age seven months (i.e. they were exclusively breast fed until at least age six
months). The mixed fed group were selected as those who started having formula
milk between age four weeks and six months. The exclusively bottle fed group were
those who were reported at age 15 months never to have been breast fed (Table

2. Exposure variables: feeding groups by age).
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Table 2. Exposure variables: feeding groups by age

Feeding Group

Age Point Exclusive Breast Mixed Fed Exclusive Bottle
Fed Fed
4 Single, predetermined re dselltqgrlr?{ine d Single, predetermined
Weeks variable P variable variable

6 Months | Novel variable created “Breast fed +/- Bottle” Single, predetermined

variable
15 Derived fr_om existing | Derived frgm existing Single, predetermined
variable variable .
Months variable

The exposure variables for Part C of Strand One were taken from the ALSPAC parent
questionnaire data on NNS behaviours for the whole cohort at four age points (four
weeks (binary variable), 15 months,24 months and 38 months (categorical
variables) (Table 3). Data on digit sucking at age 4 weeks was not available within
the ALSPAC dataset. NNS data at age 54 months were also available, however the
numbers of observations for these groups were very small and so these data were

excluded from the study.

Table 3. Exposure variables: NNS groups by age

NNS Group
_Age Point Dummy Sucking Digit Sucking
We4eks Yes/No -
M01n5ths Never / Sometimes / Mostly | Never / Sometimes / Mostly
M02n4ths Never / Sometimes / Mostly | Never / Sometimes / Mostly
Mo3n8ths Never / Sometimes / Mostly | Never / Sometimes / Mostly

3.5.2. Outcome variables

The binary outcome variable for part A was taken from the ALSPAC parent
questionnaire variable, ‘Are you worried about any aspects of your child’s growth
and development?; where ‘speech’ was one of five multiple choice responses

provided at age 18 months.

In parts B and C, the outcome variable was taken from direct assessment at two

time points and is a quantitative measure of speech sound error frequencies (ages
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25 and 61 months). The assessment at age 25 months comprised a non-
standardised, object naming assessment based upon work by Paden, Novak & Beiter
(1987), aimed at identifying broad error patterns rather than specific phonological
processes. This speech assessment contained 16 items that were considered to be
common to the environment and vocabularies of most young British children
(Appendix H). Testers recorded the participants’ responses in the absence of audio
or video equipment. The testers were psychology graduates who had received
phonetic discrimination training and explanations on phonology from speech and
language therapists. The responses were recorded and the numbers of errors for
five different consonant sounds were counted (velars, consonant clusters, liquids,
fricatives and postvocalic sounds) (Table 4). These classifications were selected to
reflect the sound classes and syllabic shapes most actively emerging at this age
point (Paden, Novak & Beiter, 1987). Two of the consonant classifications are based
on place (velar, alveolar), two are based on manner (liquid, fricative) and two are
based on phonotactic principles (clusters, postvocalic). Target words were selected
accordingly to provide repeated opportunities for production of these target

patterns.

The clinical speech assessment at age 61 months comprised an adapted version of
the object-naming task administered at the age 25 month point. At this age
children’s speech would be more adult-like, therefore the words (n=20) selected
included a higher proportion of consonant clusters and polysyllabic contexts
(Appendix I). The responses for the 25 month and 61 month speech data were
recorded, providing specific, quantifiable speech error frequency data. Error
frequencies were counted for six classes of consonants based on the manner or
place of articulation, specifically: velar, consonant cluster, liquid, fricative,
postvocalic and alveolar sounds (Table 4). Although data on metathesis were also
available, these were not used in the analysis because this is an error pattern rather
than a class of consonant and also because only binary data were available and not

continuous, as for the other measures.
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Table 4. Description of speech sound errors and available data at ages 25 and

61 months
Available Data
::_’;?_c.:.' Szund Description Examples 25 61
yp Months | Months
Voiced and voiceless (k Spaghetti
Velar (9) v .I (k) P _g ! v v
velar plosive helicopter
Consonant A group of consonants with Butterfly / /
Cluster no intervening vowel glasses
A resonant, vowel-like squirrel
Liquid U v v
consonant sound yellow
Ericati A consonant sound made Chips / /
ricative with audible friction starfish
i A consonant that occurs after Glasses
Postvocalic . v v
a vowel string
A sound made against or
Alveolar close to the alveolar ridge in hfhoogoggg /Z/s X v
the mouth ppopot
3.5.3. Potential confounding variables

Several measures associated with SSD were explored and included as potential
confounders in this study where these data were available within the existing
dataset (Table 5). Maternal education was included in the analysis as a categorical
variable (below O Level; O Level; above O Level) in line with similar approaches
adopted in other studies in this field using similar data (Wren et a/,, 2016). Home
ownership was included as a binary variable (owned/privately rented; council
rented/other) derived from a categorical variable available in the dataset. Due to
small group sizes in the original variable, categories were collapsed to facilitate
statistical analysis. Data on hearing impairment (diagnosis of otitis media with
effusion (OME)) from pure tone audiometry assessment were grouped by severity
(type AA: normal; type B: fluid in middle ear (unilateral); type BB: fluid in middle
ear (bilateral); other: some Eustachian tube dysfunction). The language score
(continuous) variable provides an overall score based on the parent questionnaire
responses provided at age 38 months about the child’s use and understanding of a
range of vocabulary, plurals, past tenses, and their ability to combine words. Data
1969)

comprehension scores were transformed from a standardisation based on a mean

for the Reynell Developmental Language Scales (RDLS) (Reynell,

of zero, to a standardisation based on a mean of 100 using the formula below. This

was to reflect more closely the scoring used in clinical practice.
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y = (15z) + 100
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Table 5. Summary of potential confounding variables included in the analysis of Strand One

Grouped
Variable

Variable

Data Source

Timing of data
collection

Inclusion in
Analysis (Part)

Demographic

Biological sex (categorical:
male/female)

Birth records from midwife

Birth

ABC

Maternal age at birth of child

. Midwife records Recruitment to study ABC
(continuous)
Level of maternal education
(categorical:): <O Level/O Level/>0 | Questionnaire to mother 32 weeks gestation ABC
Level)
Home ownership (categorical:
owned/privately rented or council Questionnaire to mother 8 weeks gestation ABC
rented/other)
Early speech and | Word combination (categorical:
language babble/single words/2 words/3-4 Questionnaire to mother Child age 24 months BC
performance word phrases)
Language score (continuous) Questionnaire to mother Child age 38 months BC
RDLS comprehension score Reynell Developmental Language Focus at 25 and 61 BC
(continuous) Scales (Reynell, 1969) months
dOther early Weak SU.CkII’.]g at age 4 weeks Questionnaire to mother Child age 4 weeks ABC
evelopmental (categorical: yes/no)
variables Hearing impairment (OME) Pure tone audiometry Focus at 25 and 61 BC

(categorical: AA/B/BB/other)

months
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DAGs set out the exposure, outcome and potential confounders and covariates
included in the analyses for each of the three parts of Strand One of this PhD study
(Figure 4, Figure 5 and Figure 6).

Home ownership Biological
Maternal age Sex
Maternal education

—— Exposure Weak sucking age 4 weeks

Potential
Confounder
Covariate

— Qutcome

Feeding method Parental concern about
(age 4 weeks, 6 months and 15 months) speech at age 18 months

Figure 4. Directed acyclic graph (DAG) for Part A: the potential effect of
feeding method on parental concern about speech at age 18 months

AGE 61 MONTH ANALYSIS:
Language score age 38
months, RDLS standardised
comprehension score age 61

months

AGE 25 MONTH ANALYSIS:

Word combination age 25

months, RDLS standardised

comprehension score age
25 months

Home ownership
Maternal age
Maternal education
Weak sucking age 4 OME age Biological

weeks 25/ 61 months Sex

)

— Exposure
Potential
Confounder

— Covariate

= Qutcome

A 4

Feeding method ] 3 | Speech sound errors at ]

(age 4 weeks, 6 months and 15 months) J age 25 / 61 months

Figure 5. Directed acyclic graph (DAG) for Part B: the potential effect of
feeding method on speech sound error frequency at ages 25 and 61 months
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AGE 25 MONTH ANALYSIS: AGE 61 MONTH AMALYSIS:

Word combination age 25 Language score age 38
Home ownership months, RDLS standardised months, RDLS standardised
Maternal age comprehension score age comprehension score age 61
25 months months

Maternal education

Weak sucking age 4 OME age Biological
weeks 25 / 61 months Sex

Exposure

Patential
Confounder

Cowariate
Qutcome

k4

NMS Behaviour ] o Speech sound errors at
{age 4 weeks, 15 months, 24 months and 38 months) J - age 25/ 61 months

Figure 6. Directed acyclic graph (DAG) for Part C: the potential effect of NNS
behaviour on speech sound error frequency at ages 25 and 61 months

3.5.4. Part A: infant feeding and parental speech concern at age 18
months

In part A, multivariable logistic regression analysis considered the relationship

between each of these feeding regimes (at ages four weeks, six months and 15

months) and reported parent concern regarding speech development at age 18

months. Unadjusted and adjusted regression models are presented.

3.5.5. Part B (feeding) & Part C (NNS): 25 month speech sound error
frequencies

The 25 month speech sound error frequency outcome variables are all continuous
with velar, fricative and postvocalic errors showing skewed distribution (Appendix
J). Linear regression models were initially trialled and likelihood ratio tests
performed to explore the distribution of the residuals and determine whether linear
regression model would be a good fit for the data. The skewed distribution of the
residuals confirmed that negative binomial regression would provide a better and
more accurate fit for the exposure variables. An unadjusted model was created first
with just the exposure and outcome variables to explore the association. An
adjusted model was then created including all of the potential confounders and

covariates. For each of the five consonant types, unadjusted and adjusted
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regression models are presented in the results.

3.5.6. Part B (feeding) & Part C (NNS): 61 month speech sound error
frequencies

The 61 month speech sound error frequency outcome variables in the original
dataset are continuous but, unlike the 25 month outcome data, distribution of the
61 month error frequencies showed strong ceiling effects (Appendix K). To provide
more accurate statistical modelling, binary variables were derived from the original
variables. Logistic regression models were used in the analysis of the exposure
(feeding methods or NNS) and outcome (speech error at 61 months) variables of
interest. For each of the six consonant types, unadjusted (exposure and outcome)
and adjusted (exposure, outcome, confounders and covariates) logistic regression

models are presented.
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4. Strand Two: ALSPAC Generation Two (ALSPAC-G2)

This strand explored the primary research question of this PhD study about whether
there is a relationship between infant feeding regimes and speech sound
development in the first five years of life. The secondary research questions of
whether there is a relationship between NNS and speech development in the first
five years of life, and what potential indicators of SSD may exist with regard to

feeding and NNS were also investigated.

This strand is comprised of two parts (Table 1):

A. the relationship between feeding regime (exposure variable) and PCC scores

at ages 24, 36 and 48 months (outcome variables)

B. the relationship between NNS (exposure variable) and PCC scores at ages

24, 36 and 48 months (outcome variables).

4.1. An overview of ALSPAC-G2

This strand used data from the second phase of the ALSPAC birth cohort study,
known as ALSPAC Generation Two (ALSPAC-G2). The ALSPAC-G2 study currently
collects a broad range of biological, environmental and lifestyle data on the offspring
of the children who were born to mothers of the original ALSPAC study in the 1990s,

providing a unique multi-generational cohort study (Lawlor et a/, 2019).

As well as offering researchers access to the existing data being routinely collected
by the ALSPAC-G2 study, researchers can work with the ALSPAC-G2 team to collect
new data from the cohort through a variety of activities including face-to-face clinics
and questionnaires. Prior to this PhD study, the ALSPAC-G2 data collection plan did
not include specific clinical speech sound assessment data or specific, detailed
parent questionnaire data on infant feeding and early NNS behaviours. Through
support and discussions with an experienced ALSPAC-G2 study manager, a plan and
proposal were developed to incorporate the collection of clinical speech samples
into the routine face-to-face clinic appointments being carried out by the study
(section 4.3.4.).
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4.2. Research governance and ethics

This strand involved the collection of new data in the ALSPAC-G2 study. A research
proposal was submitted to the ALSPAC Executive Committee and ethical approval
was obtained from ALSPAC for the collection and use of the data. As this phase of
the study required novel data collection, the required standard operating procedure
(SOP) document was completed to provide the ALSPAC-G2 fieldworker team with
clear instruction for questionnaire and clinical assessment administration (Appendix
L). The ALSPAC-G2 fieldworker team obtained written consent from the parents of

participants in line with the ALSPAC-G2 consent process.

4.3. Study Sample

Mothers who had participated in the original ALSPAC study as child participants
(section 1.2) were invited to bring their children to routine study research clinics at
the University of Bristol at ages 24, 36 and 48 months. Questionnaire data about
feeding, NNS and developmental aspects was obtained from the mothers. Clinical

speech sound assessment data were collected from the children at each session.

4.3.1. Inclusion criteria
In all cases, the maximum number of participants who had data available for all of
the measures of interest (exposure, outcome and potential confounders and

covariates) were included in the analysis.

4.3.2. Exclusion criteria
The exclusion criteria for this strand of the study include those described in section
1.2.2 and the following additional exclusions. These conditions were chosen

because there were data available on these, but not others, such as cerebral palsy.

e Developmental Verbal Dyspraxia
e Genetic syndrome
e Learning disability

e English as a second or additional language

Children who had received regular speech and language therapy intervention
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targeting speech sounds were also excluded from the study, because of the direct
potential influence intervention would have on their speech production in the clinical
assessment. It was not possible to identify these children from Strand One because

the data were not available to identify them.

4.3.3. Participant identification and recruitment

Potentially eligible participants for the study were identified by ALSPAC-G2
fieldworkers by application of the inclusion and exclusion criteria (sectons 4.4.1. and
4.4.2.).

4.3.4. Data collection

Prior to each speech assessment, infant feeding and NNS data were collected by
the fieldworkers as part of a larger parent questionnaire administered by the
ALSPAC-G2 study. Face-to-face training was delivered to the fieldworker team on
correct procedure for administering the clinical speech sound assessment , including
how to set up and manage the resources (flipbook of picture stimuli, record form
and audio recording equipment). To maximise the quality of modelling accuracy,
specific training was provided on the correct modelling of individual speech sounds
(C) and syllables (CV/VC). Training was also provided on how to cue children in to
saying words in a picture-naming task if they were unable to spontaneously name
the target object (Appendix L). Training was reinforced by customised written and
video materials created for the fieldworker team to support ongoing supervision and
training review. A further follow-up training session was delivered virtually later in
the data collection period. Regular training review using the materials provided was
recommended to the fieldworker team in order to maintain high quality stimulus
modelling and assessment administration throughout the data collection period. The
SOP, assessment forms and recording equipment were demonstrated and discussed
with the fieldworker team during the face-to-face training session. The speech
assessments were audio recorded in a quiet clinical room using a snowball iCE USB
microphone. The microphone was connected directly to an ALSPAC-G2 laptop using
free, open-source audio software Audacity. Speech assessments were administered
during routine ALSPAC-G2 study clinic appointments for children aged 24, 36 and
48 months.
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The audio recordings and assessment forms were securely sent to the PhD student
by the ALSPAC-G2 study team as described in section 3.3. The PhD student, a
qualified SLT, scored the assessments by listening back to the audio recordings and
using the DEAP and TPT manuals. Consistency of scoring was achieved by the use
of a guideline document for clinical decision-making developed and agreed between
the PhD student and Academic Supervisor (both qualified SLTs) (Appendix M).
Microsoft Access software was used to create a dataset, which was then sent
securely to the ALSPAC-G2 study team for inclusion in the wider ALSPAC-G2 dataset.
Additional variables, which represented potential confounding variables relevant to
the study (see section 4.4.3. below), were identified and requested via the process
detailed in section 3.3. The final dataset, including potential confounding variables
and parent questionnaire data on feeding and NNS, was collated and prepared by
the ALSPAC-G2 data buddy and transferred to the PhD student as described in
section 3.3. Support for navigation of and familiarisation with the dataset, variable

labels and formatting was available from the Data Buddy.
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4.4. Plan for analysis

Data exploration and analysis were undertaken solely by the PhD student with
advice from the ALSPAC Data Buddy and statisticians where appropriate.
Appropriate descriptive statistics were performed and presented for all group sizes
where n>=10 (means, standard deviations and proportions). This cut-off was
agreed with a statistician to be appropriate to preserve data anonymity (Ritchie,
2019). The first stage of analysis for each of parts A and B tested all variables for
their association with the outcome variable (univariable analysis). In all cases,
regression coefficients, z scores, p values and 95% confidence intervals (CIs) are
reported. Statistical advice was sought on missing data. Threshold p values were
applied as described in section 1.3. Maternal age was retained in all regression
models (see section 1.3). Consultation with a statistician determined that ordinary
least squares regression was the most appropriate approach for analysing the PCC

score data.

4.4.1. Exposure variables

The feeding exposure variables for this part of the study were derived from specific
multiple choice questions and included in the parent questionnaire for the ALSPAC-
G2 assessment clinic at ages 24, 36 and 48 months (Appendix N). Parents were
specifically asked whether their child was exclusively breast fed, exclusively bottle
fed or mixed fed at each of the ages four weeks, two-three months, four-six months
and seven-nine months. Following discussion with PhD supervisors, it was decided
that recall bias could best be mitigated by posing a question about a small age range
(e.g. two-three months), rather than a specific age point (e.g. 12 weeks). An
additional variable for feeding at age 12 months was available from the
questionnaire data set by the ALSPAC-G2 team (“has the child ever been breast
fed?"). From these data, a binary variable was derived for exclusively bottle fed
children at age 12 months (yes/no). Five feeding exposure variables were then
available from the dataset: feeding at age four weeks, two-three months, four-six
months, seven-nine months and 12 months. For ease of reading, and to support
comparison with other strands of this PhD study, these were renamed in the analysis

as ages four weeks, 12 weeks, six months and nine months (Table 6).

54



Table 6. Exposure variables: feeding groups by age

Exposure: Feeding Group
Age Exclusive Breast Mixed Fed Exclusive Bottle
Point Fed Fed
Single, Single, Single,
4 Weeks predetermined predetermined predetermined
variable variable variable
12 Single, Single, Single,
weeks predetermined predetermined predetermined
variable variable variable
6 Single, Single, Single,
Months predetermined predetermined predetermined
variable variable variable
9 Single, Single, Single,
Months predetermined predetermined predetermined
variable variable variable
12 Single,
Months Derived from pre-existing variable predetermined
variable

The NNS exposure variables for this part of the study were also derived from specific
binary response and multiple-choice questions as part of the parent questionnaire
for the ALSPAC-G2 assessment clinic at ages 24, 36 and 48 months (Appendix N).
Binary (yes/no) data on presence of NNS was obtained from parents with the
question ‘has your child ever sucked a dummy OR finger/thumb?. If NNS was
present, parents were asked further multiple-choice questions to provide NNS
frequency data for specific age points (ages six, 12, 24, 36 and 48 months) (e.g. At
age six months did your child suck their thumb most of the time/sometimes, or
never?’) (Appendix N) (Table 7).

Table 7. Exposure variables: NNS groups by age

NNS Group
| Age Point Dummy Sucking Digit Sucking
Moﬁths Never / Sometimes / Mostly | Never / Sometimes / Mostly
Mo1n2ths Never / Sometimes / Mostly | Never / Sometimes / Mostly
Moz:ths Never / Sometimes / Mostly | Never / Sometimes / Mostly
Mo3n6ths Never / Sometimes / Mostly | Never / Sometimes / Mostly
Mo4n8ths Never / Sometimes / Mostly | Never / Sometimes / Mostly
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4.4.2, Outcome variables

The clinical assessments selected for use in this study were the Toddler Phonology
Test (TPT) (McIntosh and Dodd, 2011) and the Articulation and Oro-motor
Assessment subtest of the Diagnostic Evaluation of Articulation and Phonology
(DEAP) (Dodd et a/, 2002). These assessments were chosen because they are
widely recognised by SLTs around the world as reliable clinical tools for speech
sound assessment in young children. The Articulation and Oro-motor Assessment
subtest was selected for its focus on the motor aspect of speech production, which

aligns with the theoretical basis of this PhD study.

The assessments were scored by a qualified SLT. The outcome variables were
derived from scores from clinical speech assessments carried out at ALSPAC-G2
clinics. Specifically, the were used at ages 24 months and 36/48 months
respectively. Single word PCC (SwPCC) scores were calculated for all children who
completed the single word naming subtest of each assessment. Connected speech
(CsPCC) PCC scores were calculated for those children aged 36 and 48 months who
completed the connected speech picture description task of the DEAP (Table 8).
The connected speech picture description task forms part of a larger subtest within
the DEAP (Phonology Assessment), which was itself not administered in this study.
Calculation of all PCC scores was undertaken as specified in the TPT and DEAP
assessment manuals (Dodd et a/). SWPCC and CsPCC scores are the primary

exposure variables of interest for this strand of the study (Table 8).

Table 8. Outcome variables: SWPCC and CsPCC scores

Outcome:
PCC Score
Assessment SWPCC | CsPCC
Clinic Age
Age 24 Months v -
Age 36 Months v v
Age 48 Months v v
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4.4.3. Potential confounding variables and covariates

As in Strand One of this study, several measures associated with SSD were explored
and included as potential confounders and covariates, where these data were
available within the ALSPAC-G2 dataset (Table 9). Although it was not possible to
replicate the variable categorisation used for maternal education and home
ownership in Strand One of this study because the data were collected and coded
differently, where possible these groups were collapsed or derived to be similar
(section 3.2.5.). Limited data were available for early speech and language
measures (syllable combination at age 12 months and word combination at age 24
months) (Table 9). Hearing impairment data were only available from parental
questionnaires at age 12 months ( "Has the child been to the GP for ear infection in
the past six months?”) and 48 months ("Has the child been to the GP for ear

infection in the past 12 months?”).
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Table 9. Summary of potential confounding variables and covariates included in the analysis of Strand Two

Grouped Variable Variable Data Source Timing of data collection
Demographic Biological sex (categorical: male/female) Birth records from midwife Birth
Maternal age at birth of child (continuous) Midwife records Recruitment to study
Level of maternal education (categorical:): <O , . .
Level/O Level/>O Level) Questionnaire to mother 32 weeks gestation
Home ownership (categorical: owned/privately Questionnaire to mother 8 weeks gestation
rented or council rented/other)
Early speech and Syllable combination (categorical: yes/no) Questionnaire to mother Child age 12 months
language N o . . .
performance Word combination (categorical: yes/no) Questionnaire to mother Child age 24 months
Other early : T : : :
developmental Weak sucking (categorical: yes/no) Questionnaire to mother Child age 4 weeks
variables Ear infection (categorical: yes/no) Questionnaire to mother Child age 12 and 48 months
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DAGs set out the exposure, outcome and potential confounders and covariates
included in the analyses for each of the two parts of Strand Two of this PhD study

(Figure 7 and Figure 8).

Syllable combination at age 12 months ]

. [ Word combination at age 24 months
Home ownership

Maternal age [

Maternal education OME age ][ Biological ]

12 / 48 months Sex

— Exposure

Potential
Confounder
= (Covariate

— Qutcome

v ‘L

Feeding method
(ages 4 weeks, 12 weeks, 6 months, 9 months PCC 550(;94583" ag'°-t5h24; 36
and 12 months) an months

Figure 7. Directed acyclic graph (DAG) for Part A: the potential effect of
feeding method on PCC scores at ages 24, 36 and 48 months

Syllable combination at age 12 maonths
Word combination at age 24 months

Home ownership [

Maternal age ——
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Maternal education [ dEE ] [ iologica ]
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= Covariate

Outcome

L J W
NNS behaviour 5 PCCscores at ages 24, 36
lages 6, 12, 24, 36 and 48 months) and 48 months

-

Figure 8. Directed acyclic graph (DAG) for Part B: the potential effect of NNS
behaviour on PCC scores at ages 24, 36 and 48 months

4.4.4. Part A: Feeding and PCC score at ages 24, 36 and 48 months
In part A, least squares regression analyses considered the relationship between
each of these feeding regimes (at ages four weeks, 12 weeks, six months, 9 months

and 12 months) and SwWPCC score. In the first phase of the analysis the SwPCC
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score was analysed with age included as a variable in the analysis. In this way the
analysis controlled for age while allowing identification of broader associations. The
outcome variable SWPCC scores was split into age groups (ages 24, 36 and 48
months) to facilitate exploration of age-specific conclusions. This two-phase analysis
approach was repeated for the secondary outcome variable, CsPCC score.

Unadjusted and adjusted regression models are presented.

4.4.5. Part B: NNS and PCC score at ages 24, 36 and 48 months

In part B, least squares regression analyses considered the relationship between
dummy or digit use (at ages 24, 36 and 48 months) and SwPCC (24, 36 and 48
months) and CsPCC scores (at ages 36 and 48 months). The same approach to
analysis was taken as described for part A (section 1.1.1). Unadjusted and adjusted

regression models are presented.
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5. Strand Three: NHS Clinical Caseload Data

This strand describes the final step in exploring the primary research question of
this PhD study about whether there is a relationship between infant feeding regimes
and speech sound development in the first five years of life. Using data from NHS
clinical caseloads, the secondary research questions are explored regarding whether
there is a relationship between NNS and speech development in the first five years
of life; whether, within a population of children diagnosed with SSD, there is an
association between severity of SSD and pattern/type of infant feeding regime and
NNS.

This strand is comprised of two parts (Table 1):

A. the relationship between feeding regime (exposure variable) and PCC scores

between ages two-five years (outcome variables)

B. the relationship between NNS (exposure variable) and PCC scores between

ages two-five years (outcome variables).

5.1. Research governance and ethics

Full ethical approval was sought from the Health Research Authority (HRA) for this
strand of the study (Appendix O). Written information about the study was provided
in the form of a Participant Information Sheet (PIS) for the adult and child, and an
accessible information version was also made available (Appendices P-R). Informed
written consent (accessible version also available) was obtained from the adult with

parental responsibility (Appendices S and T).

5.2. Study Sample

The clinical sample was accessed via the clinical team in which the PhD student
worked as an SLT. Parents of children who were on NHS SLT clinical caseloads
between January 2018-December 2018, and September 2019-February 20211 were

contacted by their local NHS clinical SLT service to invite them to participate in the

1 The break in recruitment was as a result of the PhD student taking maternity leave from
January-September 2019.
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study. During the research appointment, a parent questionnaire was completed to
confirm eligibility to participate in the study and to provide data for early feeding
methods and NNS behaviours (exposure variables). Clinical speech assessment data

were also collected.

5.2.1. Inclusion criteria
All children aged two-five years with a diagnosis of SSD who were on the clinical

caseload of the paediatric NHS SLT team at the time of recruitment.

5.2.2. Exclusion criteria
The exclusion criteria applied in this strand of the study was the same as that applied

in Strand Two, as described in section 2.2.2.

5.2.3. Participant identification and recruitment

Parents of children who had been given a diagnosis of SSD following assessment by
an SLT but had not yet received direct SSD therapy were approached by a therapist
about participating in the study. Interested parents were contacted and booked for
a research clinic appointment to give consent and complete the assessment. The
process of participant identification and recruitment for this study is described in
Appendix U. The proposed recruitment process and plan were presented during a
clinical team meeting of around 70 SLTs. Clinicians were invited to comment and
ask questions about the proposed plan in order to inform and optimise the
participant recruitment process. Key clinical and locality-specific issues were
identified and resolved through this engagement activity. Written and video
feedback was informally captured with individuals from the clinical team, who
expressed increased confidence in supporting and recruiting to the study as a result
of being involved and engaged in the design process. Throughout the recruitment
period open communication channels were maintained with clinical staff to resolve
issues and ask questions as needed, to maximise support for the clinical team.
Electronic and hard copies of the finalised participant identification and recruitment
process were disseminated throughout the clinical team. Hard copy Clinic
Information Packs were created and provided to each recruiting clinic as a reference

resource for clinicians. Each pack comprised a brief study background, inclusion and
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exclusion criteria and recruitment process flowchart for the recruiting clinician
(Appendix U), copies of the parent consent (Appendix S), PIS (Appendices R and P)
and accessible information versions of the consent form and PIS (Appendices Q and

T). The equipment used for data collection is described in section 4.3.3.

5.3. Plan for analysis
Descriptive statistics, univariable and multivariable analyses were undertaken
following the same approach as Strand Two, as described in section 2.3 and sections

below.

5.3.1. Exposure variables

The exposure variables for this strand of the study were obtained using the same
parent questionnaire as described in section 2.3.3. After written consent was
obtained, the questionnaires were completed at the beginning of the research

appointment in a clinic setting local to the parents’ home.

5.3.2. Outcome variables

The outcome variables for this strand of the study were obtained using the same
clinical speech assessment as described in section 2.3.4. The speech assessment
was completed in a clinic setting during the research appointment. Scoring of the
data was undertaken in the same way as described in section 4.3.4., using the

guideline scoring document (Appendix M).

5.3.3. Potential confounding variables

This strand constitutes exploratory work with a pragmatic sampling frame. The
number of potential confounding variables were limited by the complexity of the
consent process, which is reflective of the challenges of undertaking research within
clinical practice. A single covariate, biological sex, was easily collected from clinical

records for each participant (categorical: female/male).

DAGs set out the exposure, outcome and covariate included in the analyses for each
of the three parts of Strand Three of this PhD study (Figure 9 and Figure 10).
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Figure 9. Directed acyclic graph (DAG) for Part A: the potential effect of
feeding method on PCC scores between ages 2-5 years

Biological
Sex

= Exposure

— Covariate
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NNS behaviour PCC scores
(ages 6, 12, 24, 36 36and 48 months) at ages 2-5 years

Figure 10. Directed acyclic graph (DAG) for Part B: the potential effect of NNS
behaviours on PCC scores between ages 2-5 years

5.3.4. Part A: Feeding and PCC score between ages 2-5 years

In part A, least squares regression analyses considered the relationship between
each of the feeding regimes (at ages four weeks, 12 weeks, six months, nine months
and 12 months) and SwWPCC score. The analysis included age as a variable. In this
way the analysis controlled for age while allowing identification of broader
associations. This approach was repeated for the CsPCC score. Unadjusted and

adjusted regression models are presented.

5.3.5. Part B: NNS and PCC score between ages 2-5 years

In part B, least squares regression analyses considered the relationship between
dummy or digit use (at ages 24, 36 and 48 months) and SwPCC (24, 36 and 48
months) and CsPCC scores (at ages 36 and 48 months). The same approach to

analysis was taken as described for part A (section 4.3.4) and section 6.1.2.
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Unadjusted and adjusted regression models are presented.

6. Patient and public involvement and engagement (PPIE)

PPIE activities to inform this study aimed to present the research topic to parents
of young children to gather their thoughts and feedback on the importance of the
research topic for them, and why they felt this way (NIHR, 2012). The first PPIE
activity undertaken within this study was a face-to-face meeting at a children’s
centre. The venue was selected for its central location, family-centred facilities and
high-level of use by local parents with young children. The PPIE event was
advertised with posters placed in local SLT and GP clinics, early years settings, and
also on social media (Appendix B). Six participants attended the 90 minute event.
Information about the study was presented verbally to participants for discussion
and comment (Appendix C). Parents were asked what information they would want,
or expect to get, from the research. Feedback about the PPIE activity was collected

from participants through brief written questionnaires (Appendix D).

To maximise public engagement and increase representativeness of the PPIE
participants informing the study, an online forum was established via a website
platform hosted by children’s communication charity (Afasic, 2022) to enable
greater accessibility to a larger and more diverse range of people. Information about
the study was presented via an online discussion forum platform hosted by the
charity (Appendices C and E). The online discussion board was advertised via
popular social media platforms using hash tags (#) and handles (@) to maximise
reach and visibility. Although the website received 129 visits, there was no active
engagement with the discussion forum. Reasons for this may have included the
requirement for account creation prior to using the platform and registration emails

being lost in participants’ spam email folders.

A final PPIE activity was undertaken directly on social media using a free polling
app. The poll was advertised and shared in social media using hash tags and
handles, as for the online forum, and the same questions were applied (Appendix
E). The poll received 1190 visitors in the first month, with 149 completed responses
by parents across the UK. A total of 61 parents registered for continued involvement

in an online parent forum to support the study in the longer term.
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The PPIE activities for this study enhanced our understanding of the relevance to
parents of the relationship between feeding methods, non-nutritive sucking (NNS)
and speech development. Details of the PPIE activities undertaken for this study

have been presented at conference (Burr, 2017) (Appendix F).
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Chapter Four: Results for Strand One ALSPAC Dataset

1. Overview of the chapter

This chapter presents the results from Strand One of this study, which is comprised
of three parts. Part A examined the relationship between feeding regime and
parental concern about speech development at age 18 months. Part B examined
the relationship between feeding regime and speech error frequencies at ages 25
and 61 months. Finally, Part C examined the relationship between NNS (exposure
variable) and speech error frequencies at ages 25 and 61 months (outcome
variables). Brief summaries of the results for each part of the strand are provided

as well as a final summary of the results of the whole strand.

2. Part A: infant feeding and parental concern about speech
development

This section examines questionnaire data about infant feeding regime from the

whole ALSPAC cohort to explore relationships between feeding regime and parental

concern regarding speech sound development as reported at age 18 months.

2.1. Sample size

Prior to conducting the analysis, the original dataset (7=15,445) was examined for
participants who met the inclusion criteria (see chapter three section 3.2.1.). After
exclusions, 9064 (58.69%) children were identified for inclusion in the study, of
whom 8606 (55.72%) (female n=4168, 48.43%; male n=4438, 51.57%) had
available data for the outcome variable of interest, parental concern about speech
development at age 18 months. Figure 11 illustrates the derivation of participants
for this part of the study and the sample size available for feeding groups at each

of the three ages included in the analysis.
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Eligible Mlsalng I:;!ata:
Participants > Children without
(1=9064) parental speech
concern data
l (=458)
Data for Parental Speech Missing data:
Concern at 18m: S— Age dwk
(n=86086) (n=472]; age 6m
{n=398); age
15m (n=3389)
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Figure 11. Derivation of participants for Strand One Part A

2.1.1. Exposure variables: feeding groups

The proportions for males and females across the feeding groups were broadly
representative of the whole ALSPAC dataset (Table 10). At age 4 weeks, the largest
proportion of children were exclusively breast fed (7=3688, 45.34%), followed by
exclusive bottle feeding (7=3035, 37.31%) and mixed feeding (n=1411, 17.35%).
At age 6 months the largest proportion of children were breast/mixed fed (7=6376,
77.68%). At age 15 months the largest proportion of children were mixed fed
(n=2940, 54.70%).
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Table 10. Exposure variables: feeding groups by age

Feeding Group
Age Breast fed Mixed fed Bottle fed

4 Weeks n=3688 n=1411 n=3035
(n=8134) (Female n=1834, (Female n=682, (Female n=1444,

49.73%) 48.33%) 47.58%)

n=6376 n=1832
?nﬂg;‘;g)s (Female n=3112, (Female n=881,

48.81%) 48.09%)

15 n=334 n=2940 n=2101
Months (Female n=157, (Female n=1422, (Female n=995,

(n=8104) 47.01%) 48.37%) 47.36%)

2.1.2. Potential confounding variables

Summary statistics for each of the confounding variables and covariates (Figure 4)
are provided (Table 11 and Table 12) for children who have available data on the
outcome variable of interest (parental speech concern at age 18 months, n=8606).
Children whose parents reported that they did not have a weak suck at age 4 weeks
were in the majority, with 19.82% (n=1389) reported to have weak sucking at age
4 weeks. A large proportion of children were born to mothers with qualifications
above O Level (n=4034, 48.04%). Children of mothers with qualifications below O
Level constituted the smallest group (n=1331, 15.85%). The majority of children in
the sample lived in owned or privately rented homes (n=7233, 86.08%). The
summary data for maternal age showed little difference between the biological

sexes (Figure 12).
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Table 11. Sample size (n) for categorical potential confounding variables, by
biological sex

Biological sex
Female Male Total
Confounding Variable n n n
% % %

. 3458 3549 | 7007
‘a"ﬁf"‘es‘:'c"'“g No 49.35 50.65 | 100.00
Weeﬁ'(s Yes 626 763 1389

45.07 54.93 | 100.00
631 700 1331
<O Level 4748 | 52.59 | 100.00
Maternal 0 Level 1463 1570 3033
education 48.24 51.76 100.00
> 0 Level 1973 2061 | 4034
48.91 51.09 | 100.00
g:’i‘:,'::‘e'“/, 3479 3754 | 7233
Home D tad 48.10 51.90 | 100.00
ownership f::t';g' / 581 589 1170
49.66 50.34 | 100.00

other

Table 12. Summary statistics for continuous potential confounding variable
maternal age

Biological sex
Female Male
(n=4168) (n=4438)
Mean Median Mean Median
s.d IQR s.d IQR
Maternal 28.64 29 28.85 29
age 4.58 26-32 4.68 26-32

Note: s.d. = standard deviation. IQR = interquartile range.
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Figure 12. Box and whisker plot of maternal age by biological sex (7=8606)

2.1.3. Outcome variable: parental speech concern at age 18 months
Over 91% (n=7886, 91.63%) of parents reported no concerns about their child’s
speech development at age 18 months (Table 13). Of the 8.37% (n=720) of parents

who were concerned, 63.44% (n=452) of the children were male.

Table 13. Sample (n) for outcome variable parental concern about speech at
age 18 months

Parental speech concern at age 18
months (7=8606)

No concern Concern
n=7886 n=720
(female n=3900, (female n=268,
49.45%) 37.22%)

2.2. Data analysis: parental speech concern at 18 months

Univariable logistic regression analysis of the potential confounder variables and
covariates associated with parental concern about speech development at age 18
months indicated that biological sex (OR 1.65 [95% CI 1.41,1.93], z=6.24, p<.001)
and weak sucking at age 4 weeks (OR 1.61 [95% CI 1.34,1.94], z=5.08, p<.001)
also had p <.10 for inclusion in further analysis (Table 14). Maternal education (OR
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1.01 [95% CI 0.90,1.12], z=0.09, p=.926) and home ownership (OR 1.12 [95% CI
0.90,1.39], z=1.00, p=.315) both had p >.10. To retain a measure of SES for the
multivariable analysis, home ownership was retained due to the smaller likelihood
ratio p value compared with maternal education. Maternal age was also retained
(OR 0.99 [95% (I 0.97,1.00, z=-1.39, p=.164) (see section 2.2).

Table 14. Univariable logistic regression model results for potential confounder
variables and covariates associated with parental concern about speech
development at age 18 months (7=8606)

Parental Concern about Speech
Variable Catedory? at age 18 Months
(n) gory OR ,
[95% CI] p
Demographic variables
Biological Sex® Female 12(5) i i
(n=8606) Male [1.41,1.93] 6.24 <.001
Home Owned / 1.00 - -
ownership® |(J:r|v re_rlit/ KR
_ ounci .
(7=8403) other [0.90,1.39] | 315
0.99
C -
Maternal Age©(/7=8606) [0.97.1.00] 1.39 .164
< O Level 1.00 - -
Maternal 1.06
education® O Level [0.84,1.34] 0.47 641
(n=8398) 1.03
> O Level [0.82,1.29] 0.25 .805
Early developmental variables
Weak Sucking | No 1.00 - -
4 weeks® 1.61
(n=8396) Yes [1.34,1.04] | >08 | <001

Note: 3For categorical variables only. °Categorical variable. “Continuous variable.
Owned / Priv Rent = Owned/privately rented.

Univariable analysis for the outcome variable of feeding method at ages 4 weeks

and 15 months indicated significant associations (
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Table 15), which were taken forward for further model adjustment (Table 16).
Feeding method at age 6 months did not show an association with parental concern
about speech at age 18 months (exclusive bottle feeding: OR 1.11 [95% CI
0.93,1.34], z=1.16, p=.246) and so further adjustment of this model was not made
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Table 15).
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Table 15. Univariable logistic regression results for feeding and parental
concern about speech at age 18 months

Outcome variable:
Exposure variable: parent concern about
POS! ) speech at age 18 months
feeding method OR
[95% CI] Z p
Breast fed [%] - -
Age 4 . 1.09
weeks Mixed fed [0.87,1.36] 0.72 473
1.22
Bottle fed [1.02,1.45] 2.23 .026
Breast / 1 ) )
Age 6 mixed fed [-]
months 1.11
Bottle fed [0.93,1.34] 1.16 .246
Breast fed [%] - -
Age 15 . 2.00
months Mixed fed [1.17,3.42] 2.55 .011
1.92
Bottle fed [1.12,3.30] 2.37 .018

The results from the unadjusted model (Table 16) suggest that there is a strong
association between feeding method at age 4 weeks and parental concern about
speech development at age 18 months. Parents of children who were exclusively
bottle fed at age 4 weeks were 22% more likely to be concerned about their child’s
speech development at age 18 months (OR 1.22 [95% CI 1.02,1.45], z=2.23,
p=.026) compared with parents of children who were exclusively breast fed at age
4 weeks. This association is maintained when the model is adjusted for biological
sex and home ownership (OR 1.21 [95% CI 1.01,1.44], z=2.09, p=.037) but not
once weak sucking at age 4 weeks and maternal age are included in the model (OR
1.17 [95% CI 0.98,1.40], z=1.71, p=.087); OR 1.14 [95% CI 0.95,1.37], z=1.40,
p=.061, respectively) (Table 16). Parents of children who were mixed fed at age 15
months were twice as likely to be concerned about their child’s speech at age 18
months compared with exclusively breast fed children in the unadjusted model (OR
2.00 [95% CI 1.17,3.42], z=2.55, p=.011). This association was retained in the
adjusted models, with the strongest association observed in the fully adjusted model
(OR 2.05 [95% CI 1.18,3.56], z=2.53, p=.011). In contrast, the association
observed in the unadjusted model between exclusively bottle fed children at age 15

months and parental speech concern at age 18 months (OR 1.92 [95% CI
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1.12,3.30], z=2.37, p=.018) weakened slightly in the adjusted models with a
moderate association retained in the final model (OR 1.83 [95% CI 1.04,3.23],
z=2.09, p=.037). The unadjusted and adjusted regression models for the age 4
week and 15 month age groups were re-run with bottle feeding as the reference
group to allow for comparison of mixed feeding to exclusive bottle feeding
(Appendix V). No associations between feeding and parental concern about speech

at age 18 months were identified.
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Table 16. Logistic regression of feeding method at ages 4 weeks and 15 months and parental speech concern at age 18

months
. Model 2a:
Model 0: . Mode_l 1: . Adjusted for biological sex,
. . Adjusted for biological sex .
Exposure variable: Unadjusted . home ownership and weak
. and home ownership .
Feeding method sucking at age 4 weeks
OR 7 OR 7 OR 7
[95% CI] p [95% CI] P | 195% cI] p
Breast 1 ) ) 1 ) ) 1 ) )
fed [-] [-] [-]
Age 4 | Mixed 1.09 1.08 1.06
weeks | fed 087,136 | %% | 43 | 1os6136] | ©7° | “®* | [0.84,1.33) | 021 | 699
Bottle 1.22 1.21 1.17
fed 11.021.45] | 223 | 026 | 11011447 | 299 | 037 | 90g1.40] | 171 | 087
Breast 1 ) ) 1 ) ) 1 ) )
fed [-] [-] [-]
Age 15 | Mixed 2.00 2.00 2.09
months | fed 1173421 | 22> | O | 1173417 | 223 | O | (100363 | 261 | 009
Bottle 1.92 1.87 1.91
fed 1.123.30] | 237 | O | 11003201 | %% | 024 | 109335 | #* | 0%

77




Table. 14. (Continued)

Model 2b: Model 3:
Adjusted for biological sex, Adjusted for biological sex, home
Exposure variable: home ownership and maternal | ownership, weak sucking at age 4
Feeding method age weeks and maternal age
OR 7 OR 7
[95% CI] p [95% CI] p
1 1
Breast fed - - - -
[-] [-]
Age 4 . 1.08 1.06
weeks Mixed fed [0.86,1.35] 0.65 514 [0.84,1.33] 0.47 .640
1.18 1.14
Bottle fed [0.98,1.42] 1.77 .077 [0.95.1.37] 1.40 161
1 1
Breast fed - - - -
[-] [-]
Age 15 . 1.97 2.05
months Mixed fed [1.15,3.36] 2.47 .014 [1.18,3.56] 2.53 .011
1.81 1.83
Bottle fed [1.05,3.14] 2.13 .034 [1.04,3.23] 2.09 .037

Note: Nfor Age 4 Weeks: model 0 7=8134; model 1 n=7969; model 2a n1=7969; model 2b n=7969; model 3 N=7969.
Nfor Age 15 Months: model 0 n=5217; model 1 7=5095; model 2a n=4993; model 2b N=5095; model 3 7=4993.
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3. Summary

Table 17 summarises the results from the fully adjusted models for the primary
analysis of interest explored in this section: feeding method at ages 4 weeks, 6
months and 15 months and parental concern about speech development at age 18
months. The presence of an arrow indicates that an association (p<0.05) was
observed; AN suggests an /ncreased likelihood of parental speech concern, and W
indicates decreased likelihood of parental speech concern. After adjusting for all
confounders, increased likelihood of parental concern about speech at age 18
months was shown to be strongly associated with both mixed fed and bottle fed
children at age 15 months compared with those who were exclusively breast fed at
these ages (Table 17).

Table 17. Summary of observed associations from the fully adjusted logistic
regression models for feeding and parental concern about speech at age 18
months

Outcome variable:
Exposure variable: Parental concern about speech
Feeding method development at age 18 months
No Yes
Breast - -
c\lg(’-:-:l‘(ls Mixed - i
Bottle - -
Breast /
Age 6 Mixed i i
months
Bottle - -
Breast - -
i i A
Age 15 | Mixed (205%)
months A
Bottle - (183%)

4. Part B: infant feeding and speech sound errors at ages 25 and 61
months

In this section, ALSPAC data from clinical speech sound assessments (10% subset)

at ages 25 months and 61 months were examined with the feeding group data

previously used in Part A of this strand. The following sections report the results for

the feeding groups at each of the three age points (4 weeks, 6 months and 15

months), respectively, for the 10% subset of children from the original dataset

explored in Part A.
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4.1. Sample size
Exposure variable data on feeding were available for each of the outcome measures.

Figure 13 illustrates the process of derivation of participants for this study.
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Figure 13. Derivation of participants for Strand One Part B
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4.1.1.

The feeding variables for this analysis are the same as those used in Part A of this

Exposure variables: feeding groups

strand of the PhD study (see section 2.1.1). Table 18 shows the sample sizes by
feeding group and biological sex for the Child in Focus subset. At age 4 weeks the
largest proportion of children were exclusively breast fed (n=356, 49.38%),
compared with only 6.10% (7=40) of children at age 15 months (Table 18).

Table 18. Feeding groups for Child in Focus subset (7=831)

Feeding Group: Child in Focus Subset
Age Exclusive Breast Mixed fed Exclusive Bottle
Point Fed Fed
a n=356 n=132 n=233
Weeks (Female n=169, (Female n=53, (Female n=110,
47.47%) 40.15%) 47.21%)
M :th Femal :—3224 47.21% (Fe”:a'elfzn'
onths (Female n=266, 47.21%) 50.35%)
15 n=40 n =376 n=240
Months (Female n=17, (Female n=172, (Female n=119,
42.50%) 45.74%) 49.58%)

4.1.2.
Categorical confounding variable and covariate samples (see chapter three Figure
2) are described in Table 19. Within the sample, 17% (7=139) of children were

reported to have weak sucking at age 4 weeks, with a predominance of boys (7=87,

Potential confounding variables

62.59%) compared with girls. In both age groups, children with diagnosed, or
suspected, OME (tympanogram types B (possible unilateral middle ear infection),
BB (possible bilateral middle ear infection) or ‘other’ (e.g. some middle ear
congestion) are in the minority (age 25 months: n=265, 39.73%; age 61 months:
n=342, 43.51%). The largest proportion of children were born to mothers with
qualifications beyond O Level (17=429, 52.38%) (Table 8). The largest proportion of
children within the sample lived in privately owned or rented properties at birth
(n=721, 88.03%) (Table 19). Considering expressive language skills (word
combination) at age 25 months, the largest proportion of children used three-four
word phrases (=415, 55.70%). The proportions for biological sex groups vary
across the four categories within the word combination at age 25 months variable.
Compared with males, a larger proportion of females (n7=229, 55.18%) were

reported to use 3-4 word phrases at age 25 months. Lower proportions of girls were
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reported to use babble (7=4, 17.39%) or single words (7=33, 27.98%) at age 25
months compared with boys (Table 19).
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Table 19. Sample size (n) for categorical potential confounding variables and
covariates, by biological age (7=831)

Biological Sex
Female Male Total
Potential Confounding Variable n n n
% % %
323 356 679
Weak No 4757 | 5243 | 100.00
Sucking at 8 39
Age 4 Weeks | Yes 52 7 1
37.41 62.59 | 100.00
AA 182 120 402
4527 | 29.85 | 100.00
B 36 50 86
OME at age 41.86 58.14 100.00
25 Months BB 32 30 62
51.61 48.39 | 100.00
45 72 117
Other 38.46 | 61.54 | 100.00
AA 201 243 444
45.27 54.73 | 100.00
B 44 38 82
OME at age 53.66 | 46.34 | 100.00
61 Months | .o 28 29 57
49.12 50.88 | 100.00
89 114 203
Other 4384 | 56.16 | 100.00
44 51 95
< O Level 4632 | 53.68 | 100.00
Maternal 135 160 295
Education O Level 45.72 54.24 | 100.00
200 229 429
> 0 Level 46.62 | 53.38 | 100.00
Owned / 331 390 721
Home Privately Rented 45.91 54.09 100.00
Ownership Council Rented / 46 52 98
Other 46.94 53.06 | 100.00
a4 19 23
Babble 1739 | 82.61 | 100.00
Word . 33 85 118
Combination | Single Words 27.98 | 72.03 | 100.00
at age 76 113 189
25 Months | TWo Words 4021 | 59.79 | 100.00
3-4 Word 229 186 415
Phrases 55.18 | 44.82 | 100.00

Note: OME = otitis media with effusion (glue ear).
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Continuous confounding variables and covariates are described in Table 20. Little
difference in maternal age was observed between the sexes (Figure 14 and Table
20). Across the feeding age points, breast feeding mothers were consistently older
than mixed feeding or bottle feeding mothers (Table 20). No significant differences
were observed between males and females. Summary statistics for the transformed
RDLS language comprehension score data show that, at 25 months, the mean
standardised scores for females is slightly higher (7=337, mean=113.8, s5.d.=15.94,
median=116.50, LQ=106, UQ=122.50) compared with the mean for males
(mean=110, n=392, 5.d.=16.90, median=111.25, LQ=100.75, UQ=121) (Table
20). At 61 months, scores for RDLS are similar for both biological sexes (female:
n=330, mean=105.75, s.d.=9.26, median=106, LQ=100, UQ=113.50; male:
n=374, mean=104.58, 5.d.=8.36, median=106, LQ=100, UQ=109) (Table 20). The
RDLS data distributions at age 25 months and 61 months are presented in Figure
15 and Figure 16. Figure 15 indicates the 25 month RDLS comprehension
standardised scores are distributed, as expected, with negative skew towards the
higher scores (n=729, mean=111.75, s.d.=16.56, median=112, LQ=104.50,
UQ=122.50). At age 61 months the scores show typical distribution with reduced
variability (n7=704, mean=105.13, 5.d.=8.81, median=106, LQ=100, UQ=113.50)
(Figure 16). With regard to language score at age 38 months, females had a higher
mean score and lower standard deviation (mean=302.67, s5.d.=29.17) compared
with males (mean 291.53, 5.d.=42.08) (Figure 17). The histogram shows a steep
curve negatively skewed towards the higher score range. The overall mean
language score is 296.71 (n=718, s.d. =37.04, median=310, LQ=288, UQ=320).
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Figure 14. Box and whisker plot of maternal age for CiF subset, by biological sex
(n=831)
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Table 20. Summary statistics for continuous potential confounding variables (7=831)

Biological Sex
Female Male
P ial f i
V::?antfll: Confounding n Mean Median n Mean Median
s.d IQR s.d IQR
29.01 29.00 29.68 30.00
Maternal Age 384 431 26-32 447 4.3) 27-32
Age 25 113.80 116.50 110.00 111.25
zgkirehension Months | >3/ | 15.94 | 106-122.50 | >°2 | 16.90 | 100.75-121
Age 61 105.75 106.00 104.58 106.00
Score Months | -0 | 926 | 100-113.50 | 37* | 8.36 100-109
Language Score at age 334 302.67 314.00 384 | 291.53 306.00
38 Months 29.17 293-322 42.08 280-319

Note: s.d. = standard deviation. IQR = interquartile range.
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RDLS Comprehension Scores at Age 25 Months
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Figure 15. RDLS comprehension standardised scores at age 25 months
(n=729)

RDLS Comprehension Scores at Age 61 Months
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Figure 16. RDLS comprehension standardised scores at age 61 months
(n=704)
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Language Score at Age 38 Months
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Figure 17. Language score at age 38 months (7=718)

4.1.3. Outcome variables: 25 month clinical speech assessment data

A total of 749 children (female n7=345, male n=404) completed the speech
assessment at the age 25 month assessment clinic. Speech data from the
phonemically balanced single word naming task was used as the outcome data at
age 25 months. Table 21 shows the maximum number of times that sound was
elicited in the assessment (tokens), number of observations for that sound type,
mean error frequency, standard deviation, median and lower and upper quartiles.
Greatest variability in error frequencies for consonant clusters and liquids can be
seen in the data at the 25 month age point (Figure 18). In contrast, velar and
fricative errors exhibit a pattern of decreased variability at this age, with the majority
of children achieving no, or few errors. PVC shows greatest score variability,
indicated by the strong negative skew and long tail with multiple outliers (Figure
18).

89



Table 21. Summary statistics for speech sound error frequency at age 25
months

Speech No. Mean | Median
Sound Error | Tokens | s.d. IQR
2.53 2
Velar 11 5 64 0-4
Consonant 11 5.83 6
Cluster 3.56 3-9
- 4.08 4
Liquid 10 2.99 1-7
I 3.12 2
Fricative 12 5.83 1-5
. 2.32 1
Postvocalic 15 399 0-3

Speech Sound Error Frequencies at Age 25 Months
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Figure 18. Box and whisker plot of speech sound error frequencies at age 25
months

4.1.4. Outcome variables: 61 month clinical speech assessment data
A total of 815 children (female 7=380, male n7=435) completed the speech

assessment at the age 61 month assessment clinic. For each of the six speech
sounds assessed, Table 22 shows the maximum number of times that sound was
elicited in the assessment (tokens), number of observations for that sound type,
mean error frequency, standard deviation, median and lower and upper quartiles
(Figure 19).
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Table 22. Summary statistics for speech sound error frequency at age 61
months

Speech No. Mean | Median
Sound Error | Tokens | s.d. IQR
0.55 0

Velar 11 1.23 0-1
Consonant 15 0.90 0
Cluster 1.65 0-1
.. 1.50 0
Liquid 16 .32 0-2
. 0.49 0
Fricative 19 1.45 0-1
. 0.87 0
Postvocalic 12 0.96 1-1
0.85 0

Alveolar 13 1.40 0-1

Speech Sound Error Frequencies at Age 61 Months

o |
od
°
°
W °
°
®
oy ® ® ° .
5 ™ ™
S 9 - ® ) ] e
= ™ ® .
2 P ® ° ® °
b P ® ° °
° ® ° ° °
w ° ® S ° ®
° * * °
" ® ° °
[ [ | | [ [
o | | | | | | | |
Consonant Type
[ velar [ Alveolar
[ ] Liquid Conscnant Cluster
[ 1 Postvocalic [ Fricative

Figure 19. Box and whisker plot of speech sound error frequencies at age 61
months

With the exception of liquids, all speech sound error types at 61 months have a
mean below 1, indicating a high degree of accuracy on assessment (ceiling effect).
Liquid speech sounds have a higher mean (mean=1.50) and standard deviation
(5.d.=2.32) indicating a greater degree of variability in frequency for this error type

compared with the other speech outcome measures. The speech sound error
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outcome variables at 61 months have been included in the analysis as derived binary
variables (yes/no for occurrence of consonant sound errors), as described in the

methods section.

4.2. Data analysis: 25 month clinical speech assessment

Univariable analysis showed that biological sex, maternal age, RDLS at age 25
months and word combination at 25 months were the only confounders where
p<.10 (Table 23). Only the last of these had p<.10 for all five consonant types. For
consistency across all consonant types, all four of these confounders were included
in further model adjustment for each of the five consonant types. In order to retain
a measure of SES for the multivariable analysis, home ownership was also retained
due to the smaller likelihood ratio p value for four out of the five consonant types

compared with maternal education.

92



Table 23. Univariable negative binomial regression model results for potential confounders associated with speech sound

error frequency at age 25 months

Consonant type error frequency at age 25 months

Velar Consonant cluster Liquid
Variable Category? IRR > IRR > IRR 7
[95% CI] P | [95% c1] P | [95% cI] p
Demographics
Female 1.00 - - 1.00 - - 1.00 - -
Biological sex” 1.00 0.88 i 0.86 i
Male [0.85,1.17] 0.00 .998 [0.79,0.98] 2.37 |.018 [0.76,0.98] 2.36 | .018
Owned /
Home privately 1.00 - - 1.00 - - 1.00 - -
ownership rented
status® Council / 0.86 0.91 0.93
other 10.66,1.11 | 11| 2% | r0.77.1.077 | 112 | 2% | [0.77.1.14 | 068 | 497
0.98 0.99 0.99
C - - -
Maternal age [0.97,1.00] 1.49 137 [0.97,1.00] 2.14 | .032 [0.97,1.00] 2.06 | .039
< O Level 1.00 - - 1.00 - - 1.00 - -
0.87 1.05 1.01
r::s;:iilnb O Level [0.66,1.14] -1.03 | .302 [0.87,1.26] 0.50 | .619 [0.81,1.24] 0.05 | .956
0.96 1.09 1.04
> O Level [0.74.1.24] -0.32 | .748 [0.92,1.30] 1.02 | .310 [0.85,1.27] 0.36 | .720
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Table 21. (Continued)

Consonant type error frequency at age 25 months

Velar Consonant cluster Liquid
Variable Category? IRR > IRR > IRR >
[95% CI] P | [95% cI] P | [95% cI] p
Early developmental variables
Weak sucking No 1.00 - - 1.00 - - 1.00 - -
at 1.13 1.09 1.15
4 weeks® Yes [0.91,1.40] 1.13 .259 [0.94,1.25] 1.16 247 [0.98,1.36] 1.68 .093
AA 1.00 - - 1.00 - - 1.00 - -
1.08 1.02 1.01
B [0.84,1.39] 0.62 .538 [0.86,1.21] 0.25 .800 [0.83,1.23] 0.09 931
OME® 1.10 0.99 0.91
BB [0.81,1.48] 0.61 .545 [0.81.1.20] -0.14 .891 [0.72.1.16] -0.75 .456
1.12 1.03 1.06
Other [0.89,1.39] 0.96 .336 [0.89,1.20] 0.44 .662 [0.89,1.26] 0.65 515
Early speech and language performance
RDLS comprehension score at 1.00 1.01 1.01
 age 25m° [1.00,1.01] 1.48 .140 [1.01,1.02] 7.37 | <.001 [1.01,1.02] 6.24 | <.001
Two words 1.00 - - 1.00 - - 1.00 - -
0.44 0.24 0.24
Word Babble [0.25,0.79] -2.74 | .006 [0.15,0.38] -6.02 | <.001 [0.14,0.42] -5.05 | <.001
combination at | Single 0.95 ) 0.70 ) 0.68 )
age 25 months® | words [0.741.21] | 043 | 085 | 19590.83) | 08 | <001 | 15550483y | 381 | <001
0.71 0.98 0.94
3-4 words [0.59,0.85] -3.67 | <.001 [0.87.1.10] -0.35 .726 [0.81.1.08] -0.92 .359
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Table 21. (Continued)

Consonant type error frequency at age 25 months

Fricative Postvocalic
Variable Category? IRR > IRR >
[95% CI] P | [95% cI] p
Demographics
Female 1.00 - - 1.00 - -
Biological sex” 1.02 1.10
Male [0.88,1.17] 0.22 .828 [0.89,1.36] 0.91 361
Owned /
Home ownership E;‘:It:tlely 1.00 i i 1.00 i i
status® -
Council / 0.84 i 0.89 )
other 10.67,1.06] | % | 1% | 063,123 | 072 | 472
0.98 0.96
Maternal age® [0.96,1.00] -2.31 .021 [0.94,0.99] -2.84 .004
< O Level 1.00 - - 1.00 - -
1.09 0.87
Matern_al ] O Level [0.85,1.39] 0.67 .505 [0.61,1.25 -0.74 458
education. 1.13 0.87
> O Level [0.89,1.43] 1.01 312 [0.62,1.22] -0.79 429
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Table 21. (Continued)

Consonant type error frequency at age 25 months

Fricative Postvocalic
Variable Category? IRR > IRR 7
[95% CI] p [95% CI] p
Early developmental variables
Word combination N2 1(1),(5) - - 1(1)2 - -
b . .
at age 25 months Yes [0.95,1.38] 1.42 .156 [0.89,1.56] 1.16 244
AA 1.00 - - 1.00 - -
1.13 0.95
B [0.91,1.42] 1.11 .267 [0.68.1.34] -0.28 .780
OMEP 1.07 1.06
BB [0.82,1.40] 0.51 611 [0.71,1.58] 0.29 773
1.03 0.92
Other [0.84,1.26] 0.30 .765 [0.68,1.25] -0.53 .598
Early speech and language performance
RDLS comprehension score age 1.01 1.00 )
25m¢ [1.00,1.01] 3.76 | <.001 [0.99,1.01] 0.01 994
Two words 1.00 - - 1.00 - -
0.29 0.36
Word combination | B2PPle [0.16,0.51] | 18 | <001 | 1547075 | %73 | 006
at age - 0.88 ) 1.02
25 months® Singlewords | . ;6 197 | 112 | 261 | 1y 44407 | 010 | 919
0.78 0.53
3-4 words [0.66,0.92] -3.00 .003 [0.42.0.67] -5.25 <.001

Note: @For categorical variables only. Categorical variable. “Continuous variable.

OME = otitis media with effusion (glue ear).
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4.2.1. Age 25 month speech error analysis by feeding age group

Univariable analysis showed differing patterns of association between feeding and
each of the consonant types at age 25 months (Table 24). No association was
observed between feeding at 15 months and speech sound errors. Where the IRR
p<.10, children who were exclusively breastfed, regardless of age group were on
average 12-26% more likely to make speech sound errors compared with other
feeding groups. Consonant cluster and liquid errors at age 25 months were indicated
to be associated with feeding at ages 4 weeks and 6 months (Table 24). The
univariable analysis was repeated with exclusive bottle feeding as the reference
group to allow for comparison between bottle feeding and mixed feeding (Appendix
W). Compared to children who were exclusively bottle fed at age 15 months,
children who were mixed fed were around 20% more likely to make consonant
cluster (IRR 1.18 [95% CI 1.01,1.38] z=2.15, p=.031) and liquid (IRR 1.22 [95%
CI 1.02,1.46] z=2.16, p=.031) errors at age 25 months, before adjustment for

confounders and covariates.
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Table 24. Univariable negative binomial regression results for feeding and speech sound error frequency at age 25 months

Exposure variable:

Outcome variable:
Consonant type error frequency at age 25 months

. Velar Consonant cluster Liquid
Feeding method IRR . IRR , IRR .
[95% CI] P | [95% cI] P 1 [95% cI1] p
1 1 1
Breast fed - - - - - -
[-] [-] [-]
Age 4 . 0.98 ) 0.83 0.84 )
weeks Mixed fed [0.79.1.22] 0.14 | .885 10.72,0.96] 2.50 |.013 [0.71,0.99] 2.07 | .039
0.97 0.88 0.86
Bottle fed [0.80.1.16] -0.35 | .728 [0.78,0.99] 2.59 |.037 [0.74,0.99] -2.12 | .034
Breast / 1 i ) 1 ) ) 1 ) )
Age 6 mixed fed [-] [-] [-]
months 0.81 0.84 0.80
Bottle fed [0.66,1.00] -1.94 | .052 [0.73,0.97] -2.46 | .014 [0.68,0.94] -2.72 | .007
1 1 1
Breast fed - - - - - -
[-] [-] [-]
Age 15 . 0.81 ) 0.99 ) 1.12
months Mixed fed [0.53,1.23] 0.99 | .323 [0.74.1.32] 0.09 | .928 [0.79,1.50] 0.66 | .511
0.72 0.84 0.92
Bottle fed [0.46,1.13] -1.42 | .155 [0.62,1.13] -1.16 | .244 [0.64,1.33] -0.44 | .663
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Table 22. (Continued)

Exposure variable:

Outcome variable:
Consonant type error frequency at age 25 months

. Fricative Postvocalic
Feeding method IRR . IRR ,
[95% CI] P | 959 CI] p
1 1
Breast fed - - - -
[-] [-]
Age 4 . 0.98 i 0.94 )
weeks Mixed fed [0.80.1.19] 0.22 | .823 [0.70,1.25] 0.45 .653
0.95 0.99
Bottle fed [0.80,1.12] -0.64 | .521 [0.78,1.27] -0.05 .962
Breast / 1 ) ) 1 ) )
Age 6 | mixed fed [-] [-]
months 0.87 0.74
Bottle fed [0.72,1.05] -1.49 | .137 [0.56,0.97] -2.18 | .029
1 1
Breast fed - - - -
[-] [-]
Age 15 . 0.99 i 1.11
months Mixed fed [0.67.1.46] 0.04 | .965 [0.61,2.03] 0.34 734
0.90 0.77
Bottle fed [0.60,1.35 -0.51 | .613 [0.57,1.03] 0.22 .823

Note: Nfor all age 4 week models =694 except fricative (171=693).
N for all age 6 month models n=709 except fricative (n7=708).

Nfor all age 15 month models n=437.
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The following sections present the adjusted negative binomial regression results for
each of the consonant type error frequencies at age 25 months where p<.10 in the

univariable analysis (Table 24).

Velar speech sound errors at age 25 months

Table 25 presents the unadjusted and adjusted negative binomial regression models
for the association between feeding method (ages 6 months) and velar speech
sound errors at age 25 months. In the unadjusted model, children who were
exclusively bottle fed at age 6 months were around 20% less likely (IRR 0.81 [95%
CI 0.66,1.00], z=-1.94, p=.052) to make velar sound errors at age 25 months
compared with exclusively breast fed children at this age. This weak association is
somewhat strengthened and maintained after full model adjustment (IRR 0.80
[95% CI 0.64,0.99], z=-2.05, p=.040.
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Table 25. Negative binomial unadjusted and adjusted regression models for feeding and velar speech sound error frequency

at age 25 months

Model 2a:

Model 2b:

Model 1: Adjusted for biological
Exbosure Model O: Adjusted for biological sex. home ownershi Adjusted for biological sex,
posu Unadjusted sex and home 4 . P home ownership and
variable: ownership and weak sucking at maternal age
Feeding method age 4 weeks
IRR 2 IRR 2 IRR 2 IRR >
[95% CI] P | 195% cI] P | 195% cI1] P | [95% cI] p
koL S O S
Age 6 | fod [-] [-] [-] [-]
months [ pottle
0.81 0.82 0.80 0.79
fed [0.66,1.001 | 2% | 0521 r0.66,1.017 | 18 | 985 | 10.65,0.997 | 201 | 044 | 064,008 | 210 | 032
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Table 23. (Continued)

Model 4:
Model 3b: Adjusted for biological sex,
Adjusted for biological sex, | Adiusted for biological sex, | R JERSCER, BEV
ho]me ownership agnd word’ home ownership and RDLS matgrnal a?ge word '
. . - .
E);ep::;:e ;a;t'zglj' combination at age 25 stan d‘::_';';;zh;':;fgt age combination at age 25
9 months 25 months 9 months and RDLS
comprehension standardised
score at age 25 months
IRR IRR IRR
[95%c1] | ¢ P | [95%cr) | * P | 95% cI] ol p
Breast /
. 1 1 1
mixed - - - - - -
Age6 | .4 [-] [-] [-]
months
Bottle 0.82 0.83 0.80
fed [0.67,1.01] | 8| 09 | 067103 | 167 | 05 | 10640090 | 20> | 040

Note: Nfor Age 6 months: model 0 /7=709; model 1 /7=700 model 2a /7=693; model 2b /7=700; model 3a /7=695; model 3b /7=680; model 4 /7=668.

102



Consonant cluster speech sound errors at age 25 months

Table 26 presents the unadjusted and adjusted negative binomial regression models
for the association between feeding method (ages 4 weeks and 6 months) and
consonant cluster speech sound errors at age 25 months. All feeding groups at each
age point were shown, in the unadjusted analysis, to be around 20% less likely to
make consonant cluster errors at age 25 months compared with exclusively breast
fed children (Table 26). Following full adjustment, the association was maintained
for mixed feeding at age 4 weeks (IRR 0.84 [95% CI 0.74,0.96], z=-2.47, p=.013)
(Table 26). The models were rerun with bottle feeding as the reference group to
allow for comparison of bottle feeding and mixed feeding at age 15 months because
of the association indicated in the unadjusted model (IRR 1.18 [95% CI 1.01,1.38]
z=2.15, p=.031). This association was not maintained in the fully adjusted model
(IRR 1.15 [95% CI 0.99,1.33] z=1.88, p=.060) (Appendix X).
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Table 26. Negative binomial unadjusted and adjusted regression models for feeding method and consonant cluster speech

sound error frequency at age 25 months

Model 1:

Model 2a:
Adjusted for biological

Model 2b:

Model 0: Adjusted for biological sex. home ownershi Adjusted for biological sex,
Exposure variable: Unadjusted sex and home 4 . P home ownership and
Feeding method ownership and weak sucking at maternal age
age 4 weeks
IRR 7 IRR 7 IRR 7 IRR 7
[95% CI] P | 195% cI] P | 195% c1] P | [95% cI] p
Breast 1 ) ) 1 ) ) 1 ) ) 1 ) )
fed [-] [-] [-] [-]
Age 4 . 0.83 0.84 i 0.83 ) 0.83 )
weeks Mixed fed [0.72,0.96] 2.50 | .013 [0.72,0.97] 2.44 | .015 [0.71,0.95] 2.58 | .010 [0.72,0.96] 2.58 | .010
0.88 0.89 0.88 0.86
Bottle fed [0.78,0.99] 2.59 | .037 [0.79,1.00] -1.92 | .054 [0.78,1.00] -2.01 | .045 [0.76,0.97] -2.43 | .015
Breast / 1 i i 1 ) ) 1 ) ) 1 ) )
Age 6 | mixed fed [-] [-] [-] [-]
months 0.84 0.84 0.83 0.82
Bottle fed 10.73,0.97] -2.46 | .014 10.73,0.96] -2.49 | .013 [0.73,0.96] -2.60 | .009 10.71,0.94] -2.87 | .004

104




Table 24. (Continued)

Exposure variable:
Feeding method

Model 3a:

Adjusted for biological sex,

home ownership and word
combination at age 25

Model 3b:
Adjusted for biological
sex, home ownership and
RDLS comprehension
standardised score at age

Model 4:

Adjusted for biological sex,
home ownership, weak
sucking at age 4 weeks,

maternal age, word
combination at age 25 months

months 25 months and RDLS comprehension
standardised score at age 25
months
IRR 2 IRR 2 IRR 2
[95% CI] P | [95% cI1] P | [95% cI] p
1 1 1
Breast fed - - - - - -
[-] [-] [-]
Age 4 . 0.85 i 0.85 ) 0.84 )
weeks Mixed fed [0.74,0.97] 2.33 | .020 [0.74,0.98] 2.23 |.026 [0.74,0.96] 2.47 .013
0.90 0.95 0.92
Bottle fed [0.80.1.01] -1.75 .081 [0.85.1.07] -0.80 | .423 [0.82.1.03] -1.40 161
Breast / 1 ) ) 1 ) ) 1 ) )
Age 6 | mixed fed [-] [-] [-]
months 0.85 0.91 0.88
Bottle fed [0.74,0.96] -2.49 | .013 [0.80.1.04] -1.39 | .166 [0.77,1.00] -1.94 .052

Note: Nfor Age 4 weeks: model 0 7=694; model 1 7=686; model 2a 7=686; model 2b N=686; model 3a n=681; model 3b n=667; model 4 N=662.
Nfor Age 6 months: model 0 7=709; model 1 7=700; model 2a 7=693; model 2b 7=700; model 3a N=695; model 3b 7=680; model 4 N=668.

105




Liquid speech sound errors at age 25 months

A moderate association was indicated between feeding method at age 4 weeks and
liquid speech error frequency at age 25 months (Table 27). The unadjusted model
indicates that children who were mixed fed at age 4 weeks were more likely (IRR
0.84 [95% CI 0.71,0.99], z=-0.27, p=.039) to have fewer liquid errors at age 25
months compared with exclusively breast fed children. This association was
maintained in the fully adjusted model (IRR 0.83 [95% CI 0.71,0.98], z=-2.22,
p=.027) (Table 27). Before adjustment, children who were exclusively bottle fed at
age 4 weeks were 14% less likely (IRR 0.86 [95% CI 0.74,0.99], z=2.12, p=.034)
to make liquid errors, compared with exclusively breast fed children. This association
did not remain after adjustment. Before adjustment, children who were exclusively
bottle fed at age 6 months were 20% less likely to make liquid errors at age 25
months (IRR 0.80 [95% CI 0.68,0.94], z=2.72, p=.007). After full adjustment of
the model these children were around 17% less likely to make liquid errors when
all potential confounders were included in the model (IRR 0.83 [95% CI 0.71,0.97],
z=-2.31, p=.021). The models were rerun with bottle feeding as the reference group
to allow for comparison of bottle feeding and mixed feeding at age 15 months. The
moderate associations indicated in the unadjusted model (IRR 1.22 [95% CI
1.02,1.46] z=2.16, p=.031) remained after full adjustment (IRR 1.21 [95% CI
1.01,1.44] z=2.12, p=.034) (Appendix Y).
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Table 27. Negative binomial unadjusted and adjusted regression models for feeding method and liquid speech sound error
frequency at age 25 months

Model 1: AdjustI:ch’ ;I:: Iﬁ?o:logical Model 2b:
Model 0: Adjusted for biological : Adjusted for biological sex,
Exposure . sex, home ownership :
. . Unadjusted sex and home . home ownership and
variable: Feeding . and weak sucking at
ownership maternal age
method age 4 weeks
IRR 2 IRR 2 IRR 2 IRR >
[95% CI] P | [95% cI] P | [95% cI] P | [95% cI1] p
Breast 1 ) ) 1 ) ) 1 ) ) 1 ) )
fed [-] [-] [-] [-]
Age 4 | Mixed 0.84 ) 0.85 i 0.83 ) 0.84 )
weeks | fed 10.71,0.99] | 297 | 939 | 10.72,1.007 | 1% | 949 | 10.70,0.98] | >1° | 929 | [0.71,0.99] | >0 | -037
Bottle 0.86 0.87 0.86 0.83
fed [0.74,0.99] -2.12 | .034 [0.75,1.00] -1.97 | .049 [0.75,0.99] -2.09 | .037 [0.72,0.96] -2.49 | .013
Breast
/ 1 ) ) 1 ) ) 1 ) ) 1 ) )
Age 6 | mixed [-] [-] [-] [-]
months | fed
Bottle 0.80 0.80 0.79 0.77
fed [0.68,0.94] -2.72 | .007 [0.68,0.94] -2.76 | .006 [0.67,0.93] -2.86 | .004 [0.66,0.91] -3.12 | .002
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Table 25. (Continued)

Exposure variable:
Feeding method

Model 3a:

Adjusted for biological sex,
home ownership and word
combination at age 25 months

Model 3b:
Adjusted for biological sex,
home ownership and RDLS
comprehension standardised
score at age 25 months

Model 4:

Adjusted for biological sex, home
ownership, weak sucking at age 4
weeks, maternal age, word
combination at age 25 months
and RDLS comprehension
standardised score at age 25

months
IRR 7 p IRR 7 IRR 7
[95% CI] [95% CI] p [95% CI] P
1 1 1
Breast fed - - - - - -
[-] [-] [-]
Age 4 . 0.85 ) 0.86 ) 0.83 )
weeks Mixed fed [0.72,1.00] 1.94 .053 [0.73,1.01] 1.84 .066 [0.71,0.98] 2.22 .027
0.88 0.93 0.89
Bottle fed [0.76,1.01] -1.83 .067 [0.81.1.07] -1.05 .295 [0.77,1.02] -1.68 .094
Breast / 1 i i 1 ) ) 1 ) )
Age 6 | mixed fed [-] [-] [-]
months 0.80 0.87 0.83
Bottle fed [0.68,0.94] -2.77 .006 [0.74,1.01] -1.79 .073 [0.71,0.97] -2.31 .021

Note: Nfor Age 4 weeks: model 0 7=694; model 1 7=686; model 2a 7=686; model 2b n=686; model 3a n=681; model 3b 7=667; model 4 N=662.

Nfor Age 6 months: model 0 7=709; model 1 7=700; model 2a 7=693; model 2b n=700; model 3a N=695; model 3b 7=680; model 4 N=668.
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Fricative speech sound errors at age 25 months
Univariable analysis showed no significant associations between feeding at any of
the three age points and fricative speech errors at age 25 months and so no further

analysis was undertaken.

Postvocalic speech sound errors at age 25 months

In the unadjusted model, exclusively bottle fed children were 25% less likely (IRR
0.74 [95% CI 0.56,0.97], z=-2.18, p=.029) to make postvocalic speech errors at
age 25 months compared with breast/mixed fed children (Table 28). This
association was strengthened and maintained after full adjustment (IRR 0.70 [95%
CI 0.53,0.92], z=-2.56, p=.010).
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Table 28. Negative binomial unadjusted and adjusted regression models for feeding method and postvocalic speech sound
error frequency at age 25 months

Model 1: Ad'ustI:ch’ ;I:: Iziao:lo ical Model 2b:
Model O: Adjusted for biological ) glic Adjusted for biological sex,
. . sex, home ownership :
Exposure variable: Unadjusted sex and home . home ownership and
Feeding method ownership and weak sucking at maternal age
age 4 weeks
IRR 2 IRR 2 IRR 2 IRR >
[95% CI] P | 195% cI] P | 195% cI1] P | [95% cI] p
mxed | AL | oo o] S
Age6 | -] ] ] ]
months g ttie 0.74 0.76 0.74 0.70
fed 10.56,0.97] | 218 | 029 | 1957 0.997 | 201 | 044 | 1456 9057 | 211 | 1035 | 1553 0.9p7 | 228 | 010
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Table 26. (Continued)

Model 4:
Model 3b: Adjusted for biological sex,
Model 3a: Adjusted for biological home ownership, weak
Adjusted for biological sex, home ownership sucking at age 4 weeks,
Exposure variable: sex, home qwnc_ership and and RDLS_ !natfarnal age, word
Feeding method ’ word combination at age comprehension combination at age 25 months
25 months standardised score at and RDLS comprehension
age 25 months standardised score at age 25
months
IRR IRR IRR
[95%cry] | % P | 95%cry| * P | 95%cry| * p
Breast / 1 1 1
Age 6 | mixed fed [-] i i [-] i i [-] i i
months | b ttie fed o 507',705.97] 2.15 | .031 [0_507',70599] 2.02 | .043 [0.503;,700.92] 256 | .010

Note: Nfor Age 6 months: model 0 7=709; model 1 n=700; model 2a n=693; model 2b 7=700; model 3a 7=695; model 3b n=680; model 4 n=668.
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The following sections summarise, by feeding age group, the unadjusted and
adjusted regression models for each consonant error type where p<.10 in
univariable analysis of the exposure and outcome variables. The threshold p<.05

was applied to all multivariable analyses.

Consonant type error frequencies at age 25 months and feeding at age 4
weeks

Univariable analysis indicated an association between mixed feeding and exclusive
bottle feeding at age 4 weeks and reduced likelihood of errors for consonant cluster
and liquid sounds at age 25 months (Table 29). After full adjustment of the models,
only the associations with mixed feeding remained (consonant cluster: IRR 0.84
[95% CI 0.74,0.96], z=-2.47, p=.013; liquids: IRR 0.83 [95% CI 0.71,0.98], z=-
2.22, p=.027) (Table 29).
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Table 29. Negative binomial regression models of feeding method at age 4 weeks and speech error frequencies at age 25
months (unadjusted and fully adjusted)

Model 0: Unadjusted
Consonant type Bottle fed Mixed fed Breast fed
;’:’E?ﬁi‘:ﬁ&? i [9511/tRc1] Z 1 P [9;&>Rc1] Z P [951°r/{oRc1] Z p
CC % - - [0.702.,80%96] 2.50 |.013 [0.705,808_99] 2.59 | .037
Liquid L - [0_701'?&99] 2.07 |.039 [0_704?0‘?99] 2.12 | .034
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Table 27.

(Continued)

Consonant type Model 4: Fully adjusted

error frequency Bottle fed Mixed fed Breast fed

at age 25 IRR > IRR > IRR 7

months [95% CI] P | [95% cI] p [95% CI] p

1 0.84 0.92

CC - - - [0.74,0.96] -2.47 .013 [0.82.1.03] -1.40 | .161
. 1 0.83 0.89

Liquid - - - [0.71,0.98] -2.22 .027 [0.77,1.02] -1.68 | .094

Note: CC = consonant cluster. A model 0 7=694; model 4 N=662.
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Consonant type error frequencies at age 25 months and feeding at age 6
months

The overall pattern from the data is that, after full adjustment for potential
confounders, children who were exclusively bottle fed at age 6 months were
between 12% and 30% less likely to make speech sound errors at age 25 months
compared with children who were exclusively breast fed/mixed fed at age 6 months
(Table 30). The observed associations between bottle feeding and liquid errors were
weakened but maintained after adjustment for potential confounders (unadjusted
model: IRR 0.80 [95% CI 0.68,0.94], z=-2.72, p=.007; fully adjusted model: IRR
0.83[95% CI 0.71,0.97], z=-2.31, p=.021). The association between bottle feeding
and consonant clusters did not remain after full adjustment of the model. In
contrast, the associations between bottle fed children and reduced likelihood of
velar and postvocalic speech errors at age 25 months were strengthened following
adjustment (unadjusted model: velar: IRR 0.81 [95% CI 0.66,1.00], z=-1.94,
p=.052; postvocalic: IRR 0.74 [95% CI 0.56,0.97], z=-2.18, p=.029; fully adjusted
model: velar: IRR 0.80 [95% CI 0.64,0.99], z=-2.05, p=.040; postvocalic: IRR 0.70
[95% CI 0.53,0.92], z=-2.56, p=.010) (Table 30).
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Table 30. Negative binomial regression of feeding method at age 6 months and speech error frequencies at age 25 months

(unadjusted and fully adjusted models) (n7=709)

Note: CC = consonant cluster. PVC = postvocalic.

n=668.

Model 0: Unadjusted

Model 4: Fully adjusted

Svemer | miedrad i Fod
frequency at IRR IRR

months 77 osvecyy | 7 | P i ossecr | 7 | P
Velar Lo [0.606,811.00] 194 | o052 | 1oL [0.6(2?00.99] -2.05 | .040
cc Lo [0.703'?397] 246 | 014 | 1 || [0.707'?18.00] 1.94 | .052
Liquid R . 608'?0?9 g | 272 | 007 R [0.701'?03_97] 231 | .021
PVC L1 roseosn | 218029 | T (- |- | (o | 256 | 010
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model 0 n=709; model 4 n=668. N for liquid error frequency: model 0 7=709; model 4 n=668. N for postvocalic error frequency: model 0 7=709; model 4




Consonant error frequencies at age 25 months and feeding at age 15

months
Univariable analysis indicated no significant associations (p<.10) between feeding

and speech sound error frequency at age 25 months (Table 24) and so no further

analysis of these variables was undertaken.
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4.3. Summary

Table 31 summarises the results from the fully adjusted models for the primary
analysis of interest explored in this section: feeding method at ages 4 weeks, 6
months and 15 months and speech sound error frequencies at age 25 months. The
presence of an arrow indicates that an association (p<0.05) was observed;
A suggests an /ncreased likelihood of speech sound error, and W indicates
decreased likelihood of speech sound error. Where significant associations are
indicated, the overall pattern is of an element of protective effect of feeding (mixed
or bottle) against increased likelihood of specific consonant errors. Exclusive bottle
feeding at age 6 months is indicated to be associated with reduced frequencies of
velar, liquid and postvocalic sound errors at age 25 months (Table 30). Mixed
feeding at age 4 weeks is indicated to be associated with lower frequencies of
consonant cluster and liquid sound errors (Table 29). No associations were observed
between feeding method and fricative sound errors at age 25 months after

adjustment for potential confounders.

Table 31. Summary of observed associations from the fully adjusted negative
binomial regression models for feeding and speech sound error frequencies at
age 25 months

Outcome variable:
Exposure variable: Speech sound error frequency
Feeding method at age 25 months
Velar | CC Liquid | Fricative PVC
Age 4 Bl:east - - - - -
weeks | Mixed - Wy (17 - -
Bottle - - - - -
Breast /
Age 6 mixed ] ] i i i
months 'poiie | W | - | WV . 227
Breast - - - - -
Age 15 I "yixed . N2 1)) . i
months
Bottle - - - - -

Note: CC = consonant cluster. PVC = postvocalic. ( )= compared with exclusive bottle feeding
No. arrows indicates likelihood increase/decrease (one arrow <10%, two arrows=11-20%, three
arrows=21-30%)
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4.4. Data analysis: 61 month clinical speech assessment

Univariable analysis of the potential confounding variables with each of the
consonant error types showed that all potential confounders had likelihood ratio p
values <.10 following univariable analyses (Table 32). Only OME and the two
language measures had likelihood ratios p<.10 for all six of the speech sound
outcome measures. For consistency, all of these confounders were included in
further model adjustment for each of the six consonant types. In order to retain a
single measure of SES for the multivariable analysis, and to maintain consistency
with the age 25 month speech error analysis, maternal education was dropped in
favour of home ownership due to the lower likelihood ratio p value compared with

maternal education.
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Table 32. Univariable logistic regression model results for potential confounder variables associated with speech sound error
frequency at age 61 months (n7=815)

Outcome variable:
Consonant type error frequency at age 61 months

Velar Consonant Cluster Liquid
Variable Category? OR 7 OR 7 OR 7
[95% CI] P | 95% cI] p [95% CI] p
Demographics
Female 1.00 - - 1.00 - - 1.00 - -
Biological sex” 1.31 1.16 1.16
Male [0.97.1.76] 1.79 | .074 [0.88,1.53] 1.07 .286 [0.88,1.52] 1.03 .303
Owned / priv. ) ) ) ) ) )
Home rented 1.00 1.00 1.00
ownership® Council / 1.23 2.17 1.38
other [0.78,1.93] | 90 | 368 | 11353417 | 336 | 001 | 15897407 | 140 | 146
0.98 0.95 0.99
C - - -
Maternal age [0.95,1.01] 1.17 244 [0.92,0.98] 3.27 .001 [0.96,1.02] 0.64 522
< O level 1.00 - - 1.00 - - 1.00 - -
0.85 0.63 0.97
rda:s:t‘iilnb O Level [0.52,1.39] -0.66 | .510 [0.39,1.04] -1.81 .070 [0.61,1.56] -0.11 | .910
0.82 0.37 1.13
> O Level [0.51,1.32] -0.82 | .414 [0.23,0.60] -4.05 | <.001 [0.72,1.78] 0.54 591
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Table 30. (Continued)

Outcome variable:
Consonant type error frequency at age 61 months
Velar Consonant cluster Liquid
Variable Category? OR 7 OR 7 OR 7
[95% CI] p [95% CI] p [95% CI] p
Early developmental variables
Weak sucking [N 0 [ - [ - [ 100 [ - [ - [ w00 [ - [ -
b . . _ .
4 weeks Yes [0.78,1.70] 0.70 .486 [0.57,1.20] 0.99 321 [0.73,1.54] 0.33 .740
AA 1.00 - - 1.00 - - 1.00 - -
1.24 1.38 1.65
B [0.75,2.05] 0.83 .409 [0.85,2.23] 1.30 193 [1.01,2.68] 2.01 .045
OME at 61 1.95 1.92 1.39
b . . .
months BB [1.11,3.43] 2.33 .020 [1.08.3.40] 2.23 .026 [0.79,2.43] 1.15 .249
1.00 1.25 1.02
Other 10.69,1.43] -0.01 .988 [0.89.1.74] 1.30 .195 [0.73,1.42] 0.09 .930
Early speech and language performance
RDLS comprehension score 0.96 ) 0.95 ) 0.98 )
 age 61m° [0.94,0.97] | “*7° | <001 | 10930977 | % | <091 | 0960.99] | 284 | 005
Language score at 38 0.99 i 0.99 ) 0.99 )
months [0.99.1.00] 3.72 | <.001 [0.98,0.99] 4.59 | <.001 [0.99.1.00] 2.58 .010
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Table 30. (Continued)

Outcome Variable:
Consonant type error frequency at age 61 months
Fricative Postvocalic Alveolar
Variable Category? OR OR OR
[95%c1y] | ? P | r9s5%mer| % P | [95% cI] Z p
Demographics
. . Female 1.00 - - 1.00 - - 1.00 - -
Biological 147 128 0.97
b : . . -
sex Male [1.08,2.00] 2.42 | .016 [0.96,1.70] 1.70 | .088 [0.74.1.29] 0.18 .856
Owned / 1.00 . . 1.00 : : 1.00 : :
Home priv. rented
ownership® | Council / 1.38 1.36 3.49
other 0.87,2.18] | 3° | 1 | r0.862.151 | 133 | 183 | [p19557 | 2% | <001
1.00 0.95 0.94
Maternal age‘ [0.96,1.03] -0.23 | .819 [0.91,0.98] -3.31 | .001 [0.91,0.97] -3.54 | <.001
< O Level 1.00 - - 1.00 - - 1.00 - -
0.99 0.74 0.42
r::::a;:i?)lnb O Level [0.59,1.66] -0.04 | .968 [0.44,1.23] -1.16 | .247 [0.26,0.70] -3.37 .001
0.89 0.56 0.26
> O Level [0.54,1.47] -0.45 | .649 [0.34,0.91] -2.33 | .020 [0.16,0.43] -5.39 | <.001
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Table 30. (Continued)

Outcome variable:
Consonant type error frequency at age 61 months
Fricative Postvocalic Alveolar
Variable Category? OR > OR > OR 7
[95% CI] P | 195% cI] P | [95% cI1] p
Early developmental variables
Weak No 1.00 - - 1.00 - - 1.00 - -
sucking 4 0.69 1.16 1.46
weeks® Yes r0.441.06] | 168 | 093 | 5294717 076 | M| 1000117 18 | (047
AA 1.00 - - 1.00 - - 1.00 - -
1.63 2.03 1.63
B 10.99,2.717 | 191 | 056 | 14503447 | 264 | 008 | 1510637 | 197 | (047
OME at 61 1.82 1.41 2.01
b . . ]
months BB 1.02,3.25] 2.04 .041 [0.79,2.52] 1.17 242 [1.15,3.53] 243 | .015
1.00 1.69 1.31
Other [0.69,1.46] 0.01 991 [1.19,2.40] 2.93 .003 [0.94.1.84] 1.59 112
Early speech and language performance
RDLS comprehension score 0.97 i 0.97 ) 0.94 )
 age 61m° [0.95,0.99] 2.97 .003 [0.95,0.99] 3.41 .001 [0.92.0.96] 6.17 | <.001
Language Score at 38 0.99 ) 0.99 ) 0.99 )
months® [0.98,0.99] | > | <001 | 9971007 | 397 | 002 | 159971007 | 307 | -002

Note: @For categorical variables only. Categorical variable. “Continuous variable.
Biologic. Sex = Biological Sex. Maternal Educ. = Maternal Education. OME = otitis media with effusion (glue ear).
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4.4.1. Age 61 month speech error analysis by feeding age group

Table 33 provides results of the univariable analysis, which indicated no association
between feeding regime at any age and liquid or fricative sound errors at age 61
months. Increased likelihood of velar, consonant cluster and postvocalic sound
errors were indicated to be associated with exclusive bottle feeding at age 4 weeks.
Increased likelihood of alveolar errors was indicated to be associated with exclusive
bottle feeding at all ages. Analysis at univariable level indicated a protective effect
for breastfeeding against speech errors at age 61 months. The analyses were rerun
with bottle feeding as the reference group to allow for comparison between
exclusive bottle feeding and mixed feeding (Appendix Y). Compared with children
who were exclusively bottle fed at age 4 weeks, children who were mixed fed were
around 50% less likely to make postvocalic (OR 0.54 [95% CI 0.35,0.84], z=2.71,
p=.007) or alveolar (OR 0.50 [95% CI 0.32,0.78], z=3.07, p=.002) sound errors at
age 61 months. Children who were mixed fed at age 15 months were 59% less
likely to make alveolar errors at age 61 months, compared with exclusively bottle
fed children (OR 0.59 [95% CI 0.40,0.87], z=2.66, p=.008) (Appendix Y).
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Table 33. Univariable logistic regression model for feeding and speech sound error frequency at age 61 months

Exposure variable:

Outcome variable:

Consonant type error frequency at age 61 months

. Velar CC Liquid
Feeding method OR . OR . OR .
[95% CI] p [95% CI] p [95% CI] P
1 1 1
Breast fed - - - - - -
[-] [-] [-]
Age 4 . 1.06 1.07 0.84 )
weeks Mixed fed [0.68,1.66] 0.25 .805 10.71,1.60] 0.33 742 [0.56,1.25] 0.87 | .385
1.67 1.38 1.08
Bottle fed [1.17,2.37] 2.83 .005 [0.99.1.93] 1.90 .057 [0.77,1.50] 0.44 .660
Breast / 1 i i 1 ) ) 1 ) )
Age 6 mixed fed [-] [-] [-]
months 1.11 1.27 0.90
Bottle fed [0.75, 1.64] 0.51 .610 [0.88,1.84] 1.28 .201 [0.62,1.30] -0.58 | .564
1 1 1
Breast fed - - - - - -
[-] [-] [-]
Age 15 . 0.86 ) 1.16 0.60 )
months Mixed fed [0.39,1.90] 0.37 .715 [0.56,2.42] 0.39 .693 [0.29,1.26] 1.35 .178
1.29 1.62 0.58
Bottle fed [0.57,2.91] 0.62 .538 [0.76,3.48] 1.24 215 [0.27.1.26] -1.37 | .171
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Table 31. (Continued)

Exposure variable:

Outcome variable:
Consonant type error frequency at age 61 months

Feedina method Fricative Postvocalic Alveolar
9 OR . OR . OR ,
[95% CI] p [95% CI] p [95% CI] p
1 1 1
Breast fed - - - - - -
[-] [-] [-]
Age 4 - 0.83 ) 0.81 ) 1.01
weeks | Mixed fed 052,133 | 977 | 49| 1054101 | 104 | 299 067153 | 20 960
1.23 1.49 2.02
Bottle fed [0.85,1.76] 1.10 272 [1.05,2.12] 2.24 .025 [1.44,2.83] 4.07 <.001
Breast / 1 i ) 1 ) ) 1 ) )
Age 6 mixed fed [-] [-] [-]
months 1.05 1.31 1.91
Bottle fed [0.70,1.58] 0.24 .808 [0.89,1.94] 1.38 .168 [1.32.2.78] 3.40 .001
1 1 1
Breast fed - - - - - -
[-] [-] [-]
Age 15 . 1.50 1.41 1.73
months Mixed fed [0.62,3.59] 0.91 .365 [0.68,2.94] 0.92 .358 [0.79,3.78] 1.37 171
1.69 1.67 2.91
Bottle fed [0.69,4.16] 1.14 .253 [0.78,3.59] 1.32 .188 [1.30,6.54] 2.59 .010

Note: nfor all age 4 week models 7=709.

n for all age 6 month models n=724.

nfor all age 15 month models 7=488.
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The following sections present the results, by consonant type error frequency, for
feeding groups where the likelihood ratio from the univariable analysis of the
exposure and outcome variables was p <.10 (Table 33). The threshold p<.05 was

applied to all multivariable analyses.

Velar speech sound error frequency at age 61 months

In the unadjusted model, children who were exclusively bottle fed at age 4 weeks
were 67% more likely (OR 1.67 [95% CI 0.56,0.97], z=2.83, p=.005) to make velar
errors at age 61 months compared with exclusively breast fed children (Table 34).
This association was not maintained in the fully adjusted model (OR 1.27 [95% CI
0.82,1.96], z=1.08, p=.282). The unadjusted and adjusted models were re-run with
bottle feeding as the reference group to allow for comparison of mixed feeding to
bottle feeding (Appendix Z). No association was observed between feeding at age
4 weeks and velar errors at age 61 months in the adjusted model. Compared with
children who were exclusively bottle fed at age 15 weeks, mixed fed children were
around 33% less likely to make velar sound errors at age 61 months before
adjustment for confounders (OR 0.67 [95% CI 0.45,1.00], z=-1.94, p=052). This
association did not remain after full adjustment of the model (OR 0.85 [95% CI
0.51,1.42], z=-0.63, p=530) (Appendix Z).
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Table 34. Logistic unadjusted and adjusted regression models for feeding at age 4 weeks and velar speech sound error
frequency at age 61 months (n7=709)

Model 2a:
Model 0: Model 1: Adjusted for biological
Exbosure variable: Una d'uste.: d Adjusted for biological sex, home ownership
er ding method ' ] sex and home ownership and weak sucking at
9 age 4 weeks
OR 7 OR 7 OR 7
[95% CI] P | 195% cI] P | [95% cI] p
1 1 1
Breast fed - - - - - -
[-] [-] [-]
Age 4 . 1.06 1.05 1.05
weeks Mixed fed [0.68,1.66] 0.25 .805 [0.67,1.65] 0.23 | .820 [0.67,1.65] 0.22 | .825
1.67 1.63 1.63
Bottle fed [1.17,.37] 2.83 | .005 [1.14,2.34] 2.67 | .008 [1.14,2.34] 2.66 | .008
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Table 32.

(Continued)

Exposure variable:
Feeding method

Model 2b:

Adjusted for biological
sex, home ownership
and maternal age

Model 2c:

Adjusted for biological sex,

home ownership and OME
age 61 months

Model 3a:
Adjusted for biological
sex, home ownership
and language score at
age 38 months

OR OR OR
[95%c1] | % P [95%c1] | % P | 19swcry| % P
Breast fed [%] - [%] [%] - - [%] - -
hoe® | Mixed fed . 617'?16_ 66 | 023 | 815 | o 613'?1958] 0.02 | 985 | o 61é?f72] 0.32 | 747
Bottle fed [1_114?;37] 2.65 | .008 [1_111',621_3 g | 251 | 012 [1.016,525.25] 228 | .022

129




Table 32. (Continued)

Model 4:
Adjusted for biological sex, home
ownership, weak sucking at age 4
weeks, maternal age, OME age 61
months, language score at age 38
months and RDLS comprehension
standardised score at age 61

Model 3b:
Adjusted for biological sex,
home ownership and RDLS
comprehension standardised
score at age 61 months

Exposure variable:
Feeding method

months
OR 7 OR 7
[95% CI] P [95% CI] P
1 1
Breast fed - - - -
[-] [-]
Age 4 - 0.96 ) 0.95 )
weeks Mixed fed [0.60,1.55] 0.17 .867 [0.58,1.58] 0.18 .857
1.19 1.18
Bottle fed [0.80.1.77] 0.87 .383 [0.77.1.81] 0.78 437

Note: nfor Age 4 weeks: model 0 7=709; model 1 7=701; model 2a n7=701; model 2b n=701; model 2c n=668; model 3a 7=675; model 3b 7=601; model 4
n=554.
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Consonant cluster speech sound error frequency at age 61 months

In the unadjusted model, children who were exclusively bottle fed at age 4 weeks
were indicated to be more likely (OR 1.38 [95% CI 0.99,1.93], z=1.90, p=.057) to
make consonant cluster errors at age 61 months compared with exclusively breast
fed children (Table 35). This weak association was not maintained in the fully
adjusted model (OR 1.02 [95% CI 0.68,1.52], z=0.08, p=.938) (Table 35). The
unadjusted and adjusted models for feeding were re-run with bottle feeding as the
reference group to allow for comparison of mixed feeding to bottle feeding
(Appendix Z). No association was observed between feeding at age 4 weeks and
consonant clusters error frequency at age 61 months. A weak association was
observed in the unadjusted model with children who were mixed fed at age 15
months (OR 0.72 [95% CI 0.49, 1.05], z=-1.71, p=.088), compared to those who
were exclusively bottle fed at this age. This association did not remain in the fully
adjusted model (OR 1.10 [95% CI 0.68, 1.80], z=0.40, p=.691) (Appendix Z).
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Table 35. Logistic unadjusted and adjusted regression models for feeding at age 4 weeks and consonant cluster speech sound

error frequency at age 61 months (7=709)

Model 1: Model 2a:
Model O: . L Adjusted for biological sex,
. . Adjusted for biological sex .
Exposure variable: Unadjusted . home ownership and weak
. and home ownership -
Feeding method sucking at age 4 weeks
OR 7 OR 7 OR 7
[95% CI] P | [95% cI] P | 95% cI] p
1 1 1
Breast fed - - - - - -
[-] [-] [-]
Age 4 . 1.07 1.09 1.10
weeks Mixed fed 10.71,1.60] 0.33 742 [0.72,1.63] 0.40 .691 [0.73,1.66] 0.45 .650
1.38 1.30 1.31
Bottle fed [0.99,1.93] 1.90 | .057 [0.93,1.83] 1.52 129 [0.93,1.84] 1.55 122
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Table 33. (Continued)

Exposure variable:
Feeding method

Model 2b:
Adjusted for biological sex,
home ownership and
maternal age

Model 2c:
Adjusted for biological sex,
home ownership and OME
age 61 months

Model 3a:
Adjusted for biological sex,
home ownership and
language score at age 38

months
OR . OR . OR ,
[95% CI] P [95% CI] P [95% CI] p
1 1 1
Breast fed - - - - - -
[-] [-] [-]
Aged | .. 1.06 1.07 1.17
e | Mixed fed 070160 | 028 | 782 | o i es 0.34 737 | 077178 | 072 | 469
1.19 1.33 1.18
Bottle fed saies) | 09 | 32 | o518 1.58 114 | oaiies | 091 | 362
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Table 33. (Continued)

Model 4:
Adjusted for biological sex, home
ownership, weak sucking at age 4
weeks, maternal age, OME age 61
months, language score at age 38
months and RDLS comprehension
standardised score at age 61

Model 3b:
Adjusted for biological sex,
home ownership and RDLS
comprehension standardised
score at age 61 months

Exposure variable:
Feeding method

months
OR 7 OR 7
[95% CI] p [95% CI] p
1 1
Breast fed - - - -
[-] [-]
Age 4 i 1.04 1.12
weeks Mixed fed [0.67,1.62] 0.18 .857 [0.70,1.79] 0.49 .627
1.04 1.02
Bottle fed [0.71,1.52] 0.21 .831 [0.68,1.52] 0.08 .938

Note: nfor Age 4 weeks: model 0 7=709; model 1 7=701; model 2a n7=701; model 2b n=701; model 2c n=668; model 3a 7=675; model 3b 7=601; model 4
n=554.
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Postvocalic speech sound error frequency at age 61 months

In the unadjusted model, children who were bottle fed at age 4 weeks were more
likely (OR 1.49 [95% (I 1.05,2.12], z=2.24, p=.025) to make postvocalic errors at
age 61 months compared with exclusively breast fed children (Table 36). This
association was not maintained in the adjusted model (OR 1.04 [95% CI 0.69,1.57],
2=0.18, p=.860). The unadjusted and adjusted models for feeding at age 4 weeks
were re-run with bottle feeding as the reference group to allow for comparison of
mixed feeding to bottle feeding (Appendix Z). In the unadjusted model children who
were mixed fed at age 4 weeks were around 46% less likely to make postvocalic
errors at age 61 months compared with exclusively bottle fed children (OR 0.54
[95% CI 0.35,0.84], z=-2.71, p=.007). After full adjustment of the model this
association did not remain (OR 0.78 [95% CI 0.47,1.31], z=-0.94, p=.347)
(Appendix Z). No association was observed between feeding at age 15 months and

postvocalic sound errors at age 61 months.

135



Table 36. Logistic unadjusted and adjusted regression models for feeding at age 4 weeks and postvocalic speech sound error

frequency at age 61 months (n7=709)

Model 1: Model 2a:
Model 0: . L Adjusted for biological sex,
. . Adjusted for biological sex .
Exposure variable: Unadjusted . home ownership and weak
. and home ownership .
Feeding method sucking at age 4 weeks
OR 7 OR 7 OR 7
[95% CI] p [95% CI] p [95% CI] p
1 1 1
Breast fed - - - - - -
[-] [-] [-]
Age 4 . 0.81 i 0.80 ) 0.80 )
weeks Mixed fed [0.54,1.21] 1.04 | .299 [0.53,1.21] 1.04 | .297 [0.53,1.20] 1.08 | .278
1.49 1.42 1.41
Bottle fed [1.05,2.12] 2.24 | .025 [0.99,2.02] 1.93 .054 [0.99,2.02] 1.91 .057
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Table 34. (Continued)

Model 3a:

Model 2b:
Adjusted for biological
sex, home ownership

Model 2c:

Adjusted for biological
sex, home ownership

Adjusted for biological sex,

home ownership and

language score at age 38

Exposure variable:
Feeding method and maternal age and OME age 61 months months
OR 7 OR 7 OR 7
[95% CI] P | 1959% cI] P | r959% cI] P
1 1 1
Breast fed - - - - -
[-] [-] [-]
Age 4 . 0.79 ] 0.75 ] 18 0.78 ]
weeks | Mixedfed oo 19 | 1M | 296 | 10491041 | 133 | 2 | 051,118 | M| 24
1.33 1.38 .08 1.28
Bottle fed [0.92.1.90] 1.53 | .127 [0.95.2.00] 1.71 3 [0.89.1.84] 1.32 .186
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Table 34. (Continued)

Model 4:
Adjusted for biological sex, home
ownership, weak sucking at age 4
weeks, maternal age, OME age 61
months, language score at age 38
months and RDLS comprehension
standardised score at age 61

Model 3b:
Adjusted for biological sex,
home ownership and RDLS
comprehension standardised
score at age 61 months

Exposure variable:
Feeding method

months
OR , OR ,
[95% CI] p [95% CI] P
1 1
Breast fed - - - -
[-] [-]
Aged | . 0.84 ] 0.76 ]
weeks | Mixed fed [0.54,1.31] 1.75 1 450 [0.48,1.21] 115 .249
1.13 1.04
Bottle fed [0.77.1.65] 0.60 | .545 [0.69,1.57] 0.18 | .860

Note: nfor Age 4 weeks: model 0 7=709; model 1 7=701; model 2a n=701; model 2b n=701; model 2¢c n=668; model 3a 7=675; model 3b 7=601; model 4
n=554.
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Alveolar speech sound errors at age 61 months

In the unadjusted model, exclusively bottle fed children at ages 4 weeks (OR 2.02
[95% CI 1.44,2.83], z=4.07, p<.001) and 6 months (OR 1.91 [95% CI 1.32,2.78],
z=3.40, p=.001) were twice as likely to make alveolar speech sound errors at age
61 months compared with breast fed children (Table 37). These associations were
not maintained after full adjustment of the models (Table 37). In the unadjusted
model, exclusively bottle fed children at 15 months were almost three times more
likely to make alveolar speech sound errors at age 61 months (OR 2.91 [95% CI
1.30,6.54], z=2.59, p=.010). Note the wide confidence interval for this result, which
indicates a larger margin of error. After adjustment for confounders, the association
remained (OR 3.27 [95% CI 1.21,8.84], z=2.34, p=.019). Note the wide confidence

interval.

After full adjustment for confounders, an association was observed between
children who were mixed fed at age 15 months and increased likelihood of alveolar
errors at age 61 months (OR 3.06 [95% CI 1.17,8.00], z=2.28, p=.022). Note the
wide confidence interval, which suggests indicates a larger margin of error. This

association was not present in the unadjusted model (Table 37).

The unadjusted and adjusted models were re-run with exclusive bottle feeding as
the reference group to allow for comparison between mixed feeding and bottle
feeding (Appendix Z). In the unadjusted models mixed fed children at ages 4 weeks
and 15 months (OR 0.50 [95% CI 0.32,0.78], z=-3.07, p=.002; OR 0.59 [95% CI
0.40,0.87], z=2.66, p=.008, respectively) were around 50% less likely to make
alveolar sound errors at age 61 months compared with exclusively bottle fed

children. Neither of these associations remained after full adjustment of the models.
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Table 37. Logistic unadjusted and adjusted regression models for feeding and alveolar speech sound error frequency at age

61 months
) Model 2a:
Model O: . Mode_l 1: . Adjusted for biological sex,
. . Adjusted for biological sex .
Exposure variable: Unadjusted . home ownership and weak
. and home ownership -
Feeding method sucking at age 4 weeks
OR 7 OR 7 OR 7
[95% CI] p [95% CI] p [95% CI] p
Breast 1 ) ) 1 ) ) 1 ) )
fed [-] [-] [-]
Age 4 Mixed 1.01 1.03 1.01
weeks | fed 067,153 | %% | 990 | 0681581 | %17 | 8 | 1067155 | 97| ¥
Bottle 2.02 1.87 1.86
fed 11.442.83] | #07 | <001 | 1y 355651 | 393 | <001 | 315637 | 348 | <001
e o s s ]
Age6 | . 4 [-] [-] [-]
months
Bottle 1.91 1.74 1.70
fed 11.32,2.78] | 340 | 001 | 1y 95567 | 283 | 005 | 1y 465517 | 269 | 007
Breast 1 ) ) 1 ) ) 1 ) )
fed [-] [-] [-]
Age 15 | Mixed 1.73 1.98 1.88
months | fed 0793.78] | 137 | 1 | 10874491 | 1% | 190 | 083429 | 1P1| 131
Bottle 2.91 2.96 2.85
fed 11.30,6.54] | 27 | 019 | 11276900 | 2% | 912 | 1120666 |2 | 016

140




Table 35. (Continued)

Feeding method

Exposure variable:

Model 2b:
Adjusted for biological sex,
home ownership and
maternal age

Model 2c:
Adjusted for biological sex,
home ownership and OME
age 61 months

Model 3a:

Adjusted for biological sex, home
ownership and language score at

age 38 months

OR Z OR 7 OR 5
[95% CI] p [95% CI] p [95% CI] p
Breast 1 1 1
fed -] [] -]
ol P [0.617.?12.56] 0L | 9% [0.615'?11.55] 003 | 978 [0.71(5?18.67] 036 | .722
Bottle 1.79 1.83 1.72
fed 11.26.2.55] | 32% | 001 | 11582631 | 330 | 001 1 1450546 2.96 .003
:ﬁiaeiut/ 1 i i 1 ) . 1 ) ]
AgeS | feq ] ] [
months
Bottle 1.67 1.69 1.56
fod soag | 258 | 010 | o SO a5y | o0 | B 28 029
Breast 1 1 1
fed [-] [_] [_]
Age 15 | Mixed 1.01 2.49 2.06
months | fed 0.844.32) | > | 122 | 1105587 | %08 | :038 | 10g94.80) | 168 093
Bottle 2.72 3.67 2.87
fod ies | 230 | o2 | S8 287 | ooa | B 23 019
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Table 35. (Continued)

Model 4:
Model 3b: Adjusted for biological sex, home ownership,
Adjusted for biological sex, home weak sucking at age 4 weeks, maternal age,
Exposure variable: ownership and RDLS comprehension OME age 61 months, language score at age 38
Feeding method standardised score at age 61 months months and RDLS comprehension standardised
score at age 61 months
OR 7 OR 7
[95% CI] p [95% CI] P
1 1
Breast fed - - - -
[-] [-]
Age 4 . 1.06 1.01
weeks Mixed fed [0.67,1.66] 0.24 .810 [0.63,1.63] 0.05 .958
1.52 1.37
Bottle fed [1.04.2.24] 2.14 .033 [0.90,2.09] 1.49 137
Breast / 1 i ) 1 ) )
Age 6 | mixed fed [-] [-]
months 1.54 1.26
Bottle fed [1.01,2.35] 1.98 .047 [0.79,2.01] 0.99 323
1 1
Breast fed - - - -
[-] [-]
Age 15 . 2.23 3.06
months Mixed fed [0.91.5.46] 1.76 .078 [1.17,8.00] 2.28 .022
2.55 3.27
Bottle fed [1.02.6.42] 1.99 .046 [1.21.8.84] 2.34 .019

Note: nfor Age 4 weeks: model 0 7=709; model 1 7=701; model 2a 7=701; model 2b n=701; model 2¢c 7=668; model 3a 7=675; model 3b 7=601; model 4
n=554. nfor Age 6 months: model 0 7=724; model 1 n=715; model 2a n=708; model 2b n=715; model 2c n=682; model 3a n=688; model 3b 7=610;
model 4 n=559. nfor Age 15 months: model 0 7=488; model 1 n=483; model 2a 7=475; model 2b n=483; model 2c 71=459; model 3a 7=460; model 3b
n=416; model 4 n=375.
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The following sections summarise, by feeding age group, the unadjusted and
adjusted regression models for each consonant error type where p<.10 in
univariable analysis of the exposure and outcome variables. The threshold p<.05

was applied to all multivariable analyses.

Consonant error frequencies at age 61 months and feeding at age 4 weeks
The unadjusted model indicates an association between exclusive bottle feeding at
age 4 weeks and higher speech sound error frequencies for velar (OR 1.67, 95% CI
1.17,2.37, z2.83, p=.005), consonant cluster (OR 1.38, 95% CI 0.99,1.93, z1.90,
p=.057), postvocalic (OR 1.49, 95% CI 1.05,2.12, z2.24, p=.025) and alveolar (OR
2.02, 95% CI 1.44,2.83, z4.07, p<.001) consonants at age 61 months (Table 38).

These associations were not maintained in the fully adjusted model (Table 38).

143



Table 38. Logistic regression of feeding method at age 4 weeks and speech error frequencies at age 61 months (unadjusted
and adjusted models)

Consonant type Model 0: Unadjusted

error frequency Breast fed Mixed fed Bottle fed

at age 61 OR z OR > OR >

months [95% CI] [95% CI] u [95% CI] P
1 1.06 1.67

Velar i - [0.68,1.66] 0.25 .805 [1.17,2.37] 2.83 .005
1 1.07 1.38

CC i - [0.71,1.60] 0.33 742 [0.99.1.93] 1.90 .057
1 0.81 1.49

PVC i - [0.54,1.21] -1.04 | .299 [1.05,2.12] 2.24 .025
1 1.01 2.02

Alveolar i - [0.67,1.53] 0.05 .960 [1.44 2.83] 4.07 <.001
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Table 36. (Continued)

Consonant Model 4: Fully adjusted

type error Breast fed Mixed fed Bottle fed

months [95% CI] [95% CI] [95% CI]
1 0.95 1.18

Velar i - - [0.58,1.58] -0.18 | .857 [0.77,1.81] 0.78 437
1 1.12 1.02

CC i - - [0.70.1.79] 0.49 .627 [0.68,1.52] 0.08 .938
1 0.76 1.04

PVC i - - [0.48,1.21] -1.15 | .249 [0.69,1.57] 0.18 .860
1 1.01 1.37

Alveolar _ " | 7| 10.63,1.63] 0.05 | .958 [0.90,2.09] 1.49 137
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Consonant type error frequencies at age 61 months and feeding at ages
6 and 15 months

Comparisons between consonant type error frequencies associated with feeding at
ages 6 and 15 months were not possible as only alveolar errors were shown to be

associated, as described above (Table 33 and Table 38).

4.5. Summary

Table 39 summarises the results from adjusted models for the primary analysis of
interest explored in this section: feeding method at ages 4 weeks, 6 months and 15
months and speech sound error frequencies at age 61 months. The presence of an
arrow indicates that an association (p<0.05) was observed; A suggests an
increased likelihood of speech sound error, and W indicates decreased likelihood of
speech sound error. Children who were mixed fed or exclusively bottle fed at age
15 months were shown to be almost three times more likely to make alveolar speech
sound errors at age 61 months (OR 2.89 [95% CI 1.11,7.58], z2.16, p=.030 and
(OR 2.90 [95% CI 1.06,7.96], z2.07, p=.039, respectively), compared with children

who were exclusively breast fed at age 15 months.

Table 39. Summary of observed associations from the fully adjusted logistic
regression models for feeding method and speech sound error frequencies at
age 61 months

Exbosure Outcome variable:
val:iable' Speech sound error frequency
Feedin meihod at age 61 months
9 Velar | CC | Liquid | Fricative PVC Alveolar
Breast - - - - - -
e [ed |
Bottle - - - - - -
Breast/ i ) ) ) ) 3
;%ifhs mixed
Bottle - - - - - -
Breast - - - - - -
nge 15 [ Mixed - i i i 4306%
Bottle - - - - - M327%

Note: CC = consonant cluster. PVC = postvocalic.
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5. Part C — NNS and speech sound error frequencies at ages 25 and 61
months

In this section, questionnaire data on NNS from the whole cohort are examined

together with the clinical speech assessment data (at ages 25 and 61 months) used

in part B to explore the relationship between NNS and speech development. The

following sections report the results for the NNS groups at each of the age points

(4 weeks, 15 months,24 months and 38 months) respectively for the 10% subset

of children from the original dataset explored in Part A of Strand One.
5.1. Sample size

Exposure variable data on NNS were available for each of the outcome measures.

Figure 20 illustrates the process of derivation of participants for this study.
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ALSPAC dataset . dE";"‘S‘Od”S: o
(N=15,445) 2| Unrecorde ge.n er (n=591);
Premature birth (n=966);
English as an additional
b4 language (EAL) (n=4824)
Eligible
participants > Exclusions:
(n=9064) Not in Child in Focus subset
(n=8233)
A 4
Missing data: | Child in Focus 5| Missing data:
age 25m (n=82) | 10% Subset “| age 61m (n=16)
(n=831)
Missing data:
Awk (d =9);
age 4wk (dummy n=9) Missing data:
age 15m (dummy n=23; ]
digit n=23): age 4wk (n=13);
age 24m (dummy n=65; |€ Speech data Speech data > 5 Lom [n_=65}'.
digit n=114); age 25m: age 61m: age 24m (n=108);
age 38m (dummy n=0; (n=749 (n=815) age 38m (n=42)

AN N

MNNS data NNS data NNS data NNS data NNS data NNS data
NNS data age 15 age 24 age 38 NNS data age 15 age 24 age 38
age 4 months months months age 4 months months months
weeks (dummy (dummy (dummy weeks (dummy (dummy (dummy
(dummy n=726; n=684; n=749; (dummy n=784; n=740; n=815;
n=740) digit digit digit n=802) digit digit digit
n=726) n=635) n=749) n=784) n=684) n=815)

Figure 20. Derivation of participants for Strand One Part C
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5.1.1. Exposure variables: NNS groups

The NNS variables for this analysis have been determined from existing variables
within the ALSPAC dataset (Table 40 and Table 41). Data on NNS behaviour at age
4 weeks are only available for dummy use, and not digit sucking, as these data were
not collected in the original ALSPAC study. Table 41 shows that, in both the 25
month and 61 month analyses, there is a higher proportion of children at age 24
months who suck either a dummy or digit most of the time compared to age 15
months. The proportion of occasional NNS behaviours shows a pattern of decrease

between the age 15 and 24 month measures.

Table 40. Sample size (n) for dummy use at age 4 weeks by speech data

available at ages 25 and 61 months

Dummy Age 25 month Age 61 month
use at age analysis analysis
4 weeks n n
% %
No 322 346
43.51 43.14
Yes 418 456
56.49 56.86
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Table 41. Sample size (n) for NNS groups by speech data available at ages 25 and 61 months

NNS groups: Child in focus subset
Age 25 months analysis Age 61 months analysis
n n
NNS. % %
age point Dummy sucking Digit sucking Dummy sucking Digit sucking
N S M N S M N S M N S M
15 months 454 220 52 560 143 23 482 249 53 606 153 25
62.53 | 30.30 | 7.16 | 77.13 | 19.69 | 3.17 | 6148 | 31.76 | 6.76 | 77.30 | 19.52 | 3.19
24 months 451 173 60 493 107 35 481 196 63 536 111 37
72.28 | 27.72 | 9.62 | 77.64 | 16.85 | 5.51 | 65.00 | 26.48 | 8.51 | 78.36 | 16.22 | 541
38 months i ) ) i ) ) 674 117 24 667 113 35
82.70 | 1436 | 2.94 | 81.84 | 13.87 | 4.29

Note: N = Never. S = Sometimes. M = Mostly.
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5.1.2. Potential confounding variables
The potential confounding variables used in this analysis are presented in Part B

(see section 4.1.2).

5.1.3. Outcome variables: 25 month clinical speech assessment data
The summary statistics for the age 25 month speech sound error score data are
detailed in Part B (see section 4.1.3).

5.1.4. Outcome variables: 61 month clinical speech assessment data
The summary statistics for the age 61 month speech sound error score data are
detailed in Part B (see section 4.1.4).

5.2. Data analysis: 25 month clinical speech assessment

Univariable analysis of the potential confounding variables is detailed in section 4.2

5.2.1. Age 25 month speech sound error analysis by NNS group
Univariable analysis of the relationship between the NNS groups and each of the
consonant types at age 25 months indicated that velar sound errors are the only
outcome shown to be potentially associated (p<.10) with NNS behaviours (Table
42). In the unadjusted models, children who frequently sucked a dummy at age 24
months (IRR 0.74 [95% CI 0.54,1.01], z=-1.89, p=.059) or sometimes sucked their
digit at age 24 months (IRR 0.74 [95% CI 0.58,0.94], z=-2.42, p=.016) were
around 25% less likely to make velar sound errors at age 25 months compared with
children who did not engage in these NNS behaviours at age 24 months (Table 43).
Both these associations were maintained, and were strengthened, after full
adjustment for potential confounders (dummy ‘mostly’ age 24 months: IRR 0.68
[95% CI 0.49,0.94], z=-2.34, p=.019; digit ‘sometimes’ age 24 months: IRR 0.74
[95% CI 0.58,0.94], z=-2.43, p=.015).
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Table 42. Univariable negative binomial regression results for NNS and speech sound error frequency at age 25 months

Outcome Variable:

Consonant type error frequency at age 25 months

Exposure variable: —
NNS behaviour — Velar ICr:{orzlsonantcluster . Liquid
[95% CI] Z p [95% CI] Z P [95%cy | £ | P
1 1 1
N - - - - - -
Dummy age ° [-] [-] [-]
4 weeks 1.03 0.99 1.01
Yes | ros7,1.211 | %3 | 3% | ros9110] | 02| 832 | (0g9,115 | 020 840
N - - - - - -
L ] -]
15 monthe. | S [0-815?12-21] 017 | 868 [0.819.,01913] 0.02 ) 987 [o.slé,()12.17] 0.30 | .761
0.85 1.08 1.16
M 0.61,1.18) | %% | 38 | 1088133 | °72 | 4?2 | [oo1,148 | 20| 20
N - - - - - -
ig - ] ]
monthe | S 07310 | M2 | 37 | gty | 007 | 92 | gy | 017 867
0.91 0.98 1.03
M [0.57.1.46] -0.38 707 10.72.1.34] -0.12 | .906 10.72.1.47] 0.14 | .887
N - - - - - -
Ll ] -]
Pammy 29¢ | s [0.911"111.34] 1.03 | .304 [0_913;,015_20] 0.80 | .426 [0.913;,017.25] 0.94 | .349
0.74 0.99 1.08
M (0.541.01] | 89 | 059 | 15g571 057 | 007 | 94 | g6 357 | 065 519
N - - - - - -
[ ] -]
Digit age 24 0.74 ) 1.03 1.03
months S 056,004 | 242 | 016 | o0l | 032 | 748 | el | 032 752
1.06 1.06 1.11
M 075155 | 028 | 780 | o5 sy | 042 | 671 | 005 oy | 065 515
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Table 40. (Continued)

Exposure variable:

Consonant type error frequency at age 25 months

Outcome Variable:

NNS behaviour IRR Fricative — Postvocalic
[95% CI] Z P [95% CI] z P
No L - - 1 - -
Dummy age 4 [-] [-]

weeks Yes [0.803',91%1] 052 | 602 | o 911',112_3 o | 106 | 289

" 8 ' ' 8 ' '
tsmonthe. (S | oasiaz | 0% | 6% | poggias | 112 | 281
" [0-703,917-29] 020 | 840 [o.soé?11.401 042 | 675

iy b 8 ' ' 8 ' '
monthe. S | foznroa | V3| 15| pozaray | 0% | 80
" [0-507'?16-32] 067 | =00 [0.406.?16.61] 047 | 639

" - ' i 8 ] ]
P mmy 89€¢ | 5 [0.803'?1?17] 0.14 | .886 [0.913',210_55] 141 | .158
" [0-605?17-13] 104 | 29 [0.50?;,71?18] 114 ) .252

. " 8 ' ' 8 ' '
::gft;'ge 24 |s [0.708',916.19] 038 | 702 | o 605,9192 q | 066 | .506
" [0.609.,918.39] 0.10 | 919 [0.615,11984] 034 | .732
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Note: N = Never. S = Sometimes. M = Mostly. n for all dummy age 4 week models n=713, except fricative (7=712). n for all dummy age 15 month models
n=701, except fricative (7=700). n for all digit age 15 month models 7=701, except fricative (n7=700). n for all dummy age 24 month models 7=660. n for all
digit age 24 month models 7=616, except fricative (7=615).
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Table 43. Negative binomial unadjusted and adjusted regression models for NNS and velar speech sound error frequency at
age 25 months

Model 1: Model 2a:
Model 0: . S Adjusted for biological sex,
. . Adjusted for biological .
Exposure variable: Unadjusted sex and home ownershi home ownership and weak
NNS behaviour P sucking at age 4 weeks
IRR 7 IRR 7 IRR 7
[95% CI] P | [95% cI1] P | 195% cI] p
Never 1 - - 1 - - 1 - -
[-] [-] [-]
Dummy . 1.11 1.09 1.10
age t2h4 Sometimes [0.91,1.34] 1.03 304 [0.90,1.33] 0.92 | .358 [0.90,1.33] 0.95 342
months
0.74 0.73 0.73
Mostly [0.54,1.01] -1.89 .059 [0.53,1.01] -1.90 | .057 [0.53,1.00] -1.93 .053
1 1 1
Never - - - - - -
[-] [-] [-]
Digit age . 0.74 ) 0.73 ) 0.73 )
24 months Sometimes [0.58,0.94] 2.42 .016 [0.57,0.93] 2.55 |.011 [0.57,0.93] 2.53 | .011
1.06 1.06 1.07
Mostly [0.72,1.55] 0.28 .780 [0.72,1.54] 0.28 | .782 [0.73,1.57] 0.35 723
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Table 41. (Continued)

Exposure variable:
NNS behaviour

Model 2b:
Adjusted for biological sex,
home ownership and

maternal age

Model 3a:

Adjusted for biological sex,
home ownership and word
combination at age 25 months

IRR

IRR

[95% CI] Z u [95% CI] Z p
1 1
Never - - - -
[-] [-]
Dummy
age 24 | Sometimes [0 916018 33] 0.77 442 [0 819'01830] 0.78 435
months S —
Mostly 0.71 2.07 | .038 0.69 234 | .019
[0.52,0.98] ' [0.50,0.94] '
1 1
Never - - - -
[-] [-]
Digit age . 0.73 i 0.72 )
24 months | SOMetimes | 1, 570.031 | 8 | 013 | 19560017 | 27| (007
1.05 0.91
Mostly (075,053 | 025 | BOL | oo gy | 050 620

156




Table 41. (Continued)

Model 3b: Model 4:
. i . Adjusted for biological sex, home
Adjusted for biological sex, home . -
. ownership, weak sucking at age 4 weeks,
. ownership and RDLS .=
Exposure variable: . . maternal age, word combination at age
. comprehension standardised score .
NNS behaviour 25 months and RDLS comprehension
at age 25 months .
standardised score at age 25 months
IRR 7 IRR 7
[95% CI] p [95% CI] p
1 1
Never - - - -
[-] [-]
Dummy age
24 months . 1.08 1.06
Sometimes [0.89,1.31] 0.74 462 [0.87,1.28] 0.56 .573
0.75 0.68
Mostly [0.54,1.03] -1.76 .079 [0.49,0.94] -2.34 .019
Never L - - L - -
[-] [-]
Digit age . 0.74 ) 0.74 )
24 months | Sometimes [0.58,0.95] 2.37 | 018 [0.58,0.94] 2:43 015
1.14 1.01
Mostly [0.77,1.67] 0.64 519 [0.69,1.49] 0.06 .954

n for Dummy Age 24 months: model 0 7=660; model 1 n=651; model 2a n=645; model 2b 7=651; model 3a 7=646; model 3b 7=633; model 4 Nn=622. n
for Digit Age 24 Months: model 0 7=616; model 1 n=608; model 2a n=602; model 2b 7=608; model 3a 7=604; model 3b 7=590; model 4 n=580.
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5.3. Summary

Table 44 summarises the results from the primary analysis of interest explored in
this section, NNS (ages 4 weeks, 15 months and 24 months) and speech sound
error frequencies at age 25 months. The presence of an arrow indicates that an
association (p<0.05) was observed; N suggests an increased likelihood of speech
sound error, and W indicates decreased likelihood of speech sound error. A
potential protective effect was found of NNS behaviours at age 24 months against
likelihood of velar sound errors at age 25 months. Children who sucked a dummy
most of the time at age 24 months were around 32% less likely than children who
never sucked a dummy at this age to make velar sound errors at age 25 months
(IRR 0.68 [95% CI 0.49,0.94], z=-2.34, p=.019) (Table 43). Children who
sometimes sucked their finger or thumb at age 24 months were 1.35 times more
likely not to make velar speech sound errors at age 25 months (IRR 0.74 [95% CI
0.58,0.94], z=-2.42, p=.016) compared with children who never sucked their
finger/thumb (Table 43).

Table 44. Summary of observed associations for the adjusted negative
binomial regression models for NNS and speech sound error frequencies at age
25 months

Outcome variable:

Exposure variable: NNS Speech sound error frequency

behaviour at age 25 months

Velar CcC Liquid | Fricative PVC

Dummy
age 4 Yes - - - - -
weeks
Dummy | Sometimes - - - - -
age 15 ) ) i i i
months Mostly
Digit age | Sometimes - - - - -
15
months | Mostly ) ) ) ) )
Dummy Sometimes - - - - -
age 24 ) i i i
months | Mostly W
Digit age | Sometimes W - - - -
24
months | Mostly ) ) ) ) )

Note: N = CC = Consonant cluster. PVC = postvocalic.
No. arrows indicates likelihood increase/decrease (one arrow <10%, two arrows=11-20%, three
arrows=21-30%, four arrows=31-40%).
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The following sections present the results for the analysis of the association between

NNS and speech sound error frequencies at age 61 months.

5.4. Data analysis: 61 month clinical speech assessment
Univariable analysis of the potential confounding variables is described in section
4.4.

5.4.1. Age 61 month speech error analysis by NNS group

Univariable analysis of the relationship between the NNS groups and each of the
consonant types at age 61 months indicated that consonant cluster, fricative,
postvocalic and alveolar sounds had likelihood ratios p<.10 (Table 45). The
following sections explore the model adjustment for these outcomes. The threshold

of p<.05 was used in all multivariable analyses to identify significant associations.

159



Table 45. Univariable logistic regression models for NNS and speech sound error frequency at age 61 months

Exposure variable:

Outcome variable:
Consonant type error frequency at age 61 months

. Velar Consonant cluster Liquid
NNS behaviour OR . OR , OR .
[95% CI] P | [95% cI] p [95% CI] p
1 1 1
No - - - - - -
Dummy age 4 [-] [-] [-]
weeks 1.01 1.39 1.12
Yes [0.75,1.36] 0.07 | .944 [1.05.1.84] 2.29 | .022 [0.85,1.48] 0.78 435
1 1 1
Never - - - - - -
[-] [-] [-]
Dummy age 15 . 0.98 ) 1.06 0.98 )
months Sometimes [0.71,1.36] 0.10 | .917 [0.78,1.44] 0.37 | .709 [0.72,1.33] 0.14 .888
0.97 1.28 1.28
Mostly [0.53,1.78] -0.10 | .917 [0.72,2.26] 0.85 | .395 [0.72,2.26] 0.85 .395
1 1 1
Never - - - - - -
[-] [-] [-]
Digit age 15 . 0.92 i 1.11 0.93 )
months Sometimes [0.62,1.34] 0.45 | .653 [0.78,1.59] 0.60 | .550 [0.65,1.33] 0.38 .705
1.62 0.96 - 0.68
Mostly 072364 | 18 | 2% 1043215 | 0.00 | 2%/ | (0301547 | 092 | 358
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Table 43. (Continued)

Exposure variable:

Outcome variable:
Consonant type error frequency at age 61 months

NNS behaviour SR Velar C(;)I:sonant cluster SR Liquid
[95% CI] Z P | r9s05c1y | ? p [95% CI] Z P
1 1 1
Never - - - - - -
Dummy 0[-9]0 O[-9]8 - 1[-1]4
;g:n::s Sometimes [0.63,1.29] -0.57 | .566 [0.71,1.37] 0.09 .928 [0.81,1.58] 0.75 451
1.12 1.34 0.91
Mostly [0.65,1.95] 0.41 | .684 [0.79.2.27] 1.07 | .283 [0.541.54] -0.34 .730
1 1 1
Never - - - - - -
Digit age 1[_1]7 1[_2]1 0[_7]9
§14onths Sometimes [0.76,1.80] 0.71 | .476 [0.80,1.82] 0.91 | .364 [0.52,1.19] -1.13 .257
1.31 0.81 - 1.22
Mostly [0.66.2.62] 0.78 | .437 [0.41,1.59] | 0.61 .543 [0.62,2.37] 0.57 .565
1 1 1
Never - - - - - -
Dummy 0[-9]8 1[34 o[_9]9
:?:n:t;:s Sometimes [0.64,1.50] -0.08 | .936 [0.71,1.55] 0.22 | .827 [0.67.1.47] -0.03 .973
1.80 1.21 0.88
Mostly [0.79,4.08] 1.40 | .160 [0.54.2.75] 0.46 | .642 [0.39,2.00] -0.29 .769
1 1 1
Never - - - - - -
Digit age ] 1[__1]1 1[_-2]3 0[.-7]9
:180nths Sometimes [0.73,1.69] 0.49 | .625 [0.83,1.84] 1.02 | .309 [0.53,1.18] -1.16 247
0.84 1.11 1.37
Mostly [0.40,1.79] -0.45 | .655 [0.56,1.19] 0.30 | .762 [0.69,2.73] 0.91 .364
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Table 43. (Continued)

Exposure variable:

Outcome variable:

Consonant type error frequency at age 61 months

. Fricative Postvocalic Alveolar
NNS behaviour OR , OR . OR ,
[95% CI] P | 1950 CI] P | 1959 cI] P
Dummy No 1 - - 1 - - 1 - -
noe 4 [ [] []
weeks | Yes 1.23 130 | .193 1.21 132 | .188 1.69 361 | <.001
[0.90,1.68] ' ' [0.91,1.61] | : [1.27,2.25] | > '
Never ! - - ! - - 1 - -
Dummy [ [ [
age 15 | Sometimes 1.24 125 | 210 0.93 .0.43 | .667 1.14 0.86 | .391
nf’onths [0.89,1.73] : : [0.68,1.28] : : [0.84,1.56] | " :
0.96 0.80 1.99
Mostly (051183 | 012 | 906 | g o | 07| A4 |y 7T es | 234 | 019
Never ] : : g S ] : :
Digit age : 0.96 1.26 1.27
;sonths Sometimes [0.65,1.43] -0.18 .859 [0.87,1.82] 1.22 222 [0.89,1.81] 1.30 .193
0.78 1.19 0.42
Mostly (031108 | 052 | 601 | (o553 | 040 | 687 | oe| 185 | 065
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Table 43. (Continued)

Outcome variable:
. . Consonant type error frequency at age 61 months
Exl\:):;ul;':h\;a‘;‘;::ll‘e. Fricative Postvocalic Alveolar
OR OR OR
[95% CI] Z P [95% CI] Z P lresoncry| p
1 1 1
Never - - - - - -
aD 1024 | Sometimes 1['-2]5 1.20 230 0['-7]6 163 | .103 1['0]7 039 | .694
mgonths [0.87-1.80] ) ) [0.54-1.06] ) ) [0.77,1.49] ) )
1.38 0.96 1.67
Mostly [0.79-2.42] 1.13 .258 [0.56-1.65] -0.15 .882 [0.99,2.84] 1.91 .056
1 1 1
Never - - - - - -
gnitgit %9 | sometimes 1['-310 1.16 247 1['-2]2 0.93 | .354 1['3]1 130 | .195
months [0.84,2.02] ' ' [0.80,1.87] ' ' [0.87,1.97]| '
1.14 1.38 0.91
Mostly [0.55,2.37] 0.36 .718 [0.68,2.81] 0.89 373 [0.46,1.79] -0.27 .785
1 1 1
Never - - - - - -
aD 38 | Sometimes 1[';‘]5 1.75 080 O['_7]9 119 | 234 1['0]6 030 | .765
mgonths [0.96,2.20] ) ' [0.53,1.17] ) ) [0.72,1.58] ’ )
1.11 0.85 2.66
Mostly [0.45,2.71] 0.22 .824 [0.37,1.94] -0.39 .700 [1.12,6.29] 2.22 .026
1 1 1
Never - - - - - -
Digit age ] 1[_-2]3 0[,_9]0 1[. 1]2
;?onths Sometimes [0.80,1.89] 0.94 .346 10.60.1.35] -0.51 .612 [0.75.1.67] 0.55 .585
1.21 2.16 1.24
Mostly [0.58,2.51] 0.50 617 [0.97.4.84] 1.88 | .060 [0.63,2.45] 0.62 .538

Note: N = never, S = sometimes, M = mostly. nfor all dummy age 4 week models 7=803. n for all dummy age 15 month models 7=785. n for all digit age 15
month models n=785. nfor all dummy age 24 month models n=741. nfor all digit age 24 month models 7=685. n for all dummy age 38 month models 7=816.
n for all digit age 38 month models n=816.
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Consonant cluster speech sound errors at age 61 months

The unadjusted model indicated that children who used a dummy at age 4 weeks
were 1.39 times more likely to make consonant cluster errors at age 61 months
than children who did not use a dummy at age 4 weeks (OR 1.39 [95% CI
1.05,1.84], z=2.29, p=.022) (Table 46). This association was not maintained after
adjustment (OR 1.09 [95% CI 1.77,1.53], z=0.49, p=.624) (Table 46).
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Table 46. Unadjusted and adjusted logistic regression models for NNS at age 4 weeks and consonant cluster speech sound
error frequency at age 61 months

Model 2a:
] Model 1: . . .
Exposure Ur::'ils(t,é d Adjusted for biological sex ﬁg{: :ts\?v;z::l:?lo::za\luse?z
variable: ] and home ownership - P
NNS behaviour sucking at age 4 weeks
OR OR OR
[95% CI] Z P | 19s0cry| % P [95% CI] Z P
1 1 1
Dumm No - - - - - -
mmy [-] [-] [-]
322.1 Yes 1.39 2.29 | .022 1.30 1.82 | .069 1.2 1.77 | .076
[1.05,1.84] ' ’ [0.98,1.73] ) ' [0.97,1.72] ) )
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Table 44. (Continued)

Model 2b:

Adjusted for biological sex,

Model 2c:

Adjusted for biological sex,

Model 3a:

Adjusted for biological sex, home

5);':; sbLI';e home ownership and home ownership and OME age | ownership and language score at
NNS behavi-our maternal age 61 months age 38 months
OR OR OR
[95% CI] Z | P [95% CI] Z p [95% CI] ol p
Dummy | No ! - - ! - - L - -
age 4 [] [] []
weeks | Yes 1.21 1.30 193 1.28 1.66 096 1.24 1.41 159
[0.91,1.62] ' ' [0.96,1.72] ' ' [0.92,1.66] ) '
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Table 44. (Continued)

Model 4:
Adjusted for biological sex, home
ownership, weak sucking at age 4
weeks, maternal age, OME age 61
months, language score at age 38
months and RDLS comprehension

Model 3b:
Adjusted for biological sex,
home ownership and RDLS

comprehension
standardised score at age 61

Exposure
variable:
NNS behaviour

months standardised score at age 61 months
OR 5 OR z
[95% CI] p [95% CI] P
Dummy | No ! ) ) : ] )
age 4 ] 5
1.25 1.40 | .163 1.09 0.49 624
weeks | Yes [0.91,1.71] ' ' [0.77,1.53] ' '

Note: nfor Dummy age 4 weeks: model 0 7=803; model 1 7=793; model 2a n=793; model 2b 71=793; model 2c N=756; model 3a n=762; model 3b
n=682; model 4 n=628.
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Fricative speech sound errors at age 61 months

Before adjustment for confounders, children who sometimes used a dummy at age
38 months were indicated to be 1.45 times more likely (OR 1.45 [95% CI 0.96,2.20],
z=1.75, p=.080) to make fricative sound errors at age 61 months compared with
children who never used a dummy (Table 47). After adjustment for confounders,

this association was not maintained (Table 47).
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Table 47. Unadjusted and adjusted logistic regression models for NNS and fricative speech sound error frequency at age 61
months

Model 1: Model 2a:
Exposure variable: Ur:c(l:;?lls(t’;d Adjusted for biological :gi;':tgfv::r:ﬂ?;of.:ﬁa\luﬁi
. ’ sex and home ownership .
NNS behaviour sucking at age 4 weeks
OR OR OR
[95% CI] ol P | 195%ct) | % | P | [95%cr] ol p
1 1 1
Never - - - - - -
[-] [-] [-]
Dummy age . 1.45 1.48 1.53
38 months Sometimes [0.96,2.20] 1.75 .080 [0.97,2.24] 1.82 | .069 [1.00,2.34] 1.98 .047
1.10 0.98 1.00
Mostly [0.45,2.71] 0.22 .824 [0.38,2.54] -0.04 | .965 [0.38,2.61] 0.00 .998
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Table 45. (Continued)

Exposure variable:
NNS behaviour

Model 2b:
Adjusted for biological sex,
home ownership and
maternal age

Model 2c:
Adjusted for biological
sex, home ownership and
OME age 61 months

Model 3a:
Adjusted for biological sex,
home ownership and
language score at age 38

months
OR . OR . OR .
[95% CI] p [95% CI] p [95% CI] p
Never L - - L - - L - -
Dummy [ ] ]
age 38 | Sometimes 147 181 | .070 1.54 1.98 | .048 1.51 1.85 | .064
[097,2.24] | : [1.00,.2.37] | *® | - [1.002.37] | 1 :
months 0.98 1.03 0.95
Mostly 036254 | 005 | 964 | oo 005 | 959 | 0D |00 | 922
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Table 45. (Continued)

Model 4:
Adjusted for biological sex, home
ownership, weak sucking at age 4
weeks, maternal age, OME age 61
months, language score at age 38
months and RDLS comprehension
standardised score at age 61

Model 3b:
Adjusted for biological sex,
home ownership and RDLS

comprehension standardised
score at age 61 months

Exposure variable:
NNS behaviour

months
OR N OR .
[95% CI] P [95% CI] P
1 1
Never [-] - - [-] - -
aD::1 38 | Sometimes 1.51 1.80 | .072 1.58 1.87 061
[0.96,2.33] : : [0.98,2.56] : :
months 0.96 1.14
Mostly 030303 | 008 | 940 [0.34.3.81] 0.21 837

n for Dummy age 38 months: model 0 7=816; model 1 n=804; model 2a n=793; model 2b 7=804; model 2c n=765; model 3a n=773; model 3b n=690;
model 4 n=628.
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Postvocalic speech sound errors at age 61 months

Before adjustment for confounders children who frequently sucked their digit at age
38 months were indicated to be 2.16 times more likely to make postvocalic errors
at age 61 months (OR 2.16 [95% CI 0.97,4.84], z=1.88, p=.060) compared with
children who did not exhibit this behaviour (Table 48). After full adjustment of the

model the association was not maintained (Table 48).
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Table 48. Unadjusted and adjusted logistic regression models for NNS and postvocalic speech sound error frequency at age 61

months

Model 2a:

Model 0: Model 1: Adjusted for biological
. . A Adjusted for biological sex | sex, home ownership and
Exposure variable: Unadjusted . .
. and home ownership weak sucking at age 4
NNS behaviour weeks
OR 7 OR 7 OR 7
[95% CI] P | 95% cI] P | [95% cI] p
Never L - - L - - L - -
Digit [] [] []
age 38 | Sometimes 0.90 -0.51 | .612 0.93 -0.36 | .717 0.94 -0.28 | .782
months [0.60,1.35] ) ) [0.62,1.39] ' ) [0.63,1.42] ' )
2.16 2.24 2.09
Mostly [0.97,4.84] 1.88 | .060 [0.99.5.03] 1.94 | .052 [0.92,4.74] 1.76 | .079

173




Table 46. (Continued)

Exposure variable:
NNS behaviour

Model 2b:

Adjusted for biological sex,
home ownership and

maternal age

Model 2c:
Adjusted for biological sex,
home ownership and OME
age 61 months

Model 3a:
Adjusted for biological sex,
home ownership and language
score at age 38 months

OR . OR . OR i
[95% CI] P [95% CI] P [95% CI] P
Never o ' ' ] "~ ] ' '
g;git 29¢ Sometimes 0.99 0.03 | .977 0.87 -0.66 | .507 0.93 -0.36 719
[0.66,1.50] | - : [0.66,1.50] 06 [0.61,1.40] : :
months 2.26 1.80 2.47
Mostly 0.95.474) | 1% | 050 078410 | 137 | 71| [y get e 2.17 .030
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Table 46. (Continued)

n for Digit age 38 months: model 0 n=816; model 1 7=804; model 2a 7=793; model 2b n=804; model 2c n=765; model 3a n=773; model 3b N=690;

model 4 n=628.

Exposure variable:
NNS behaviour

Model 3b:
Adjusted for biological sex,
home ownership and RDLS
comprehension standardised
score at age 61 months

Model 4:
Adjusted for biological sex, home
ownership, weak sucking at age 4
weeks, maternal age, OME age 61
months, language score at age 38
months and RDLS comprehension
standardised score at age 61

months
OR , OR ,
[95% CI] P [95% CI] P
1 1
Never - - - -
Digit [-] [-]
age 38 | Sometimes 0.95 024 | 814 1.01 0.06 956
S the [0.61,1.48] ' ' [0.63,1.64] ' '
2.62 2.46
Mostly [1.00,6.82] 197 | 049 | 0P 1.77 077
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Alveolar speech sound errors at age 61 months

Alveolar sounds were the consonant type found to be most associated with NNS
behaviours before adjustment for confounders. Compared with children who did not
engage in NNS behaviours, children who used a dummy at age 4 weeks were 1.69
times more likely (OR 1.69 [95% CI 1.27,2.25], z=3.61, p<.001) to make alveolar
errors at age 61 months (Table 49). Children who sucked a dummy most of the
time at age 15 months were almost twice as likely (OR 1.99 [95% CI 1.11,3.53],
z=2.34, p=.019) to make alveolar errors at 61 months, while children who mostly
sucked their digit at age 15 months were 2.38 times /ess likely (OR 0.42 [95% CI
0.16,1.06], z=-1.85, p=.065) to make alveolar errors (before adjustment for
confounders). Children who sucked a dummy most of the time at age 24 months
were 1.67 times more likely (OR 1.67 [95% CI 0.99,2.84], z=1.91, p=.056) to make
alveolar errors, with a stronger effect seen for those who mostly sucked a dummy
at age 38 months (OR 2.66 [95% CI 1.12,6.29], z=2.22, p=.026). After adjustment
for confounders, only the association with digit sucking at age 15 months remained
(OR 1.59 [95% (I 1.03,2.46], z=2.09, p=.037).
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Table 49. Unadjusted and adjusted logistic regression models for NNS and alveolar speech sound error frequency at age 61
months

Model 1: Model 2a:
Model 0: . L Adjusted for biological sex, home
. . Adjusted for biological sex . .
Exposure variable: Unadjusted . ownership and weak sucking at
. and home ownership
NNS behaviour age 4 weeks
OR 7 OR 7 OR 7
[95% CI] P | 195% cI] p [95% CI] p
Dummy No 1 - - 1 - - 1 - -
3 [] [] []
ge 4 1.69 1.57 1.59
weeks Yes [1.27,2.25] 3.61 <.001 [1.17.2.10] 3.02 .003 [1.19.2.13] 3.10 .002
1 1 1
Never [] ' ' [] ' ' [] ' '
Dummy 1.14 1.15 1.17
age 15 Sometimes [0.84,1.56] 0.86 391 [0.84,1.57] 0.85 .395 [0.85,1.62] 0.98 325
months 1.99 1.66 1.67
Mostly [1.11.3.53] 2.34 .019 [0.91,3.04] 1.65 .099 [0.91,3.05] 1.65 .098
Never L - - L - - 1 - -
[-] [-] [-]
Digit age . 1.27 1.30 1.32
15 months | SoMetimes | 1459 1817 | 130 | 193 | rp901877 | 1M | 160 | 1691 1.90] 1.46 143
0.42 0.46 0.50
Mostly [0.16,1.06] -1.85 .065 [0.18,1.18] -1.61 .108 [0.19,1.28] -1.45 .147
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Table 47. (Continued)

Model 2a:

Model 0: . Mode_l 1: . Adjusted for biological sex, home
. . . Adjusted for biological sex . .
Exposure variable: Unadjusted . ownership and weak sucking at
and home ownership
NNS behaviour age 4 weeks
OR 7 OR 7 OR 7
[95% CI] P | 195% cI] p [95% CI] p
Never 1 - - 1 - - 1 - -
Dummy [-] [] []
age 24 Sometimes 1.07 0.39 694 1.08 0.43 666 1.10 0.52 604
months [0.77,1.49] ' ' [0.77,1.52] ' ' [0.78,1.55] - :
1.67 1.37 1.38
Mostly [0.99,2.84] 1.91 .056 [0.79,2.38] 1.11 .268 [0.79,2.43] 1.13 257
Never 1 - - 1 - - 1 - -
Dummy [-] [] []
age 38 Sometimes 1.06 030 | .765 1.06 028 | .779 1.05 0.25 804
ronths [0.72,1.58] ' ' [0.71,1.59] ' ' [0.70,1.59] ' '
2.66 2.42 2.42
Mostly [1.12,6.29] 2.22 .026 [1.00,5.89] 1.95 .051 [0.98,5.80] 1.91 .056
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Table 47. (Continued)

Exposure variable:
NNS behaviour

Model 2b:
Adjusted for biological
sex, home ownership
and maternal age

Model 2c:
Adjusted for biological
sex, home ownership and
OME age 61 months

Model 3a:
Adjusted for biological sex,
home ownership and
language score at age 38

months
OR . OR . OR .
[95% CI] P | 19509 CI] P [95% CI] p
Dummy | No 1 - - 1 - - 1 - -
age 4 1[;1]8 1[;3]5 1[;3]7
weeks | Yes (1.102.00] | 259 | 010 | (1 1200y | 283 | 005 | T | 292 | 004
Never L - - 1 - - L - -
Dummy 1[-1]0 1[-1]7 1[-1]7
;g:n::s Sometimes [0.85,1.62] 0.58 | .559 [0.84,1.62] 0.94 .345 [0.85,1.63] 0.96 .340
1.49 1.70 1.73
Mostly 081275 | 125 | 200 | 0030 | 166 | 09 | 00.T e | 177 | 076
Never 1 - - 1 - - 1 - -
Digit 1[;1]0 1[_3]0 1[_2]9
:_:;:n:ss Sometimes | o oc o1 | 176 | 078 | 000 gor | 135 | 177 | (oo eer | 134 | 180
0.43 3 0.47 0.56
Mostly 017,121 | 1.73 | %3 | 08,1127 | 17 | ‘1 | 002,146 | 118 | 238
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Table 47. (Continued)

Model 2b: Model 2c: Adjusted»:((:l('I ﬁ::lz:_:;ical sex
Adjusted for biological sex, Adjusted for biological : !
. . : home ownership and
Exposure variable: home ownership and maternal | sex, home ownership and
. language score at age 38
NNS behaviour age OME age 61 months
months
OR OR OR
[95% CI] Z p [95%c1] | % P | [95%cry| * p
Never 1 - - 1 - - 1 - -
Dummy 1[_1]0 1[_1]1 1[ 1] 1
;g:n::s Sometimes [0.78,1.55] 0.52 .604 [0.78,1.58] 0.59 | .557 [0.79,1.58] 0.61 .543
1.38 1.33 1.40
Mostly [0.79,2.43] 1.13 257 [0.74,2.36] 1.95 | .340 [0.79,2.46] 1.16 .245
Never 1 - - 1 - - 1 - -
Dummy 1[E)]3 1[614 1[()]9
;g:n.:,:s Sometimes [0.69,1.54] 0.14 .892 [0.69,1.57] 0.19 | .849 [0.72,1.65] 0.42 .675
2.42 2.46 2.44
Mostly [0.99,5.91] 1.94 .053 [0.95,6.33] 1.86 | .063 [1.00,5.96] 1.95 .051
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Table 47. (Continued)

Model 4:
] Adjusted for biological sex, home
. Mode! 3b: . ownership, weak sucking at age 4
Adjusted for biological sex, weeks, maternal age. OME age 61
. home ownership and RDLS ! ge 9
Exposure variable: . . months, language score at age 38
. comprehension standardised .
NNS behaviour score at age 61 months months and RDLS comprehension
9 standardised score at age 61
months
OR OR
[95% CI] Z p [95% CI] Z p
Dummy | No L - - 1 - -
age 4 1[.;1]3 1[.-3]8
weeks Yes [1.04,1.98] 2.19 .029 [0.98.1.96] 1.82 .069
1 1
Never - - - -
aD u:1 :ll.?':y Sometimes 1['-1]6 0.83 407 1['-2]2 1.04 299
mgonths [0.82,1.64] ' ' [0.84,1.77] ' '
1.45 1.45
Mostly [0.74,2.87] 1.08 281 [0.71,2.97] 1.01 311
Never L - - 1 - -
Digit age . 1[.;l]8 1[.-5]9
;sonths Sometimes [0.99,2.23] 1.89 .058 [1.03,2.46] 2.09 .037
0.44 0.46
Mostly [0.17,1.19] -1.62 .106 [0.16,1.29] -1.48 .138
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Table 47. (Continued)

Exposure variable:
NNS behaviour

Model 3b:
Adjusted for biological sex,
home ownership and RDLS
comprehension standardised
score at age 61 months

Model 4:

Adjusted for biological sex, home ownership, weak
sucking at age 4 weeks, maternal age, OME age 61
months, language score at age 38 months and
RDLS comprehension standardised score at age 61

months
OR 7 OR 7
[95% CI] P [95% CI] P
1 1
Never - - - -
Dummy 1[-1]1 1[-1]9
ar:?oen%:s Sometimes [0.76,1.62] 0.55 .582 [0.80,1.79] 0.87 .386
1.36 1.37
Mostly [0.79.2.46] 1.00 .319 [0.71.2.66] 0.94 .349
1 1
Never - - - -
[-] [-]
:;:1 :;gy Sometimes 1.02 0.07 945 1.03 0.11 913
months [0.65,1.58] ' ' [0.64,1.64] ' )
2.23 2.53
Mostly [0.78,6.42] 1.49 .136 [0.79.8.09] 1.56 .119

n for Dummy age 4 weeks: model 0 7=803; model 1 n=793; model 2a n=793; model 2b n=793; model 2c n=756; model 3a N=762; model 3b N=682; model
4 n=628. nfor Dummy age 15 months: model 0 n=785; model 1 7=776; model 2a n=767; model 2b N=776; model 2c n=737; model 3a n=746; model 3b
n=665; model 4 n=606. n for Digit age 15 months: model 0 7=785; model 1 n=776; model 2a n=767; model 2b n=776; model 2c n=737; model 3a N=746;
model 3b 7=665; model 4 7=606. n for Dummy age 24 months: model 0 n=741; model 1 n=732; model 2a n=724; model 2b n=700; model 2¢c n=704;
model 3a 7=628; model 3b n7=628; model 4 n=576. nfor Dummy age 38 months: model 0 n=816; model 1 7=804; model 2a n=793; model 2b n=804;

model 2c n=765; model 3a n=773; model 3b 7~=690; model 4 N=628.

182




5.5. Summary

Table 50 summarises the results from the fully adjusted models for the primary
analysis of interest explored in this section: NNS (ages 4 weeks, 15, 24 and 38
months) and speech sound error frequencies at age 61 months. The presence of an
arrow indicates that an association (p<0.05) was observed; A suggests an
increased likelihood of speech sound error, and W indicates decreased likelihood of
speech sound error. Only one association between the outcome and exposure
variables remained after full model adjustment. Children who occasionally sucked
their digit at age 15 months were more likely to make alveolar sound errors at age
61 months (Table 49).

Table 50. Summary of observed associations for the adjusted logistic
regression models for NNS and speech sound error frequencies at age 61
months

Exposure Outcome variable:
variable: Speech sound error frequency at age 61 months

NNS behaviour | Velar | CC | Liquid | Fricative PVC Alveolar
Dummy
age 4 Yes - - - - - -
weeks
Dummy
age 15
months
Digit age
15
months
Dummy
age 24
months
Digit age
24
months
Dummy
age 38
months
Digit age
38
months M ] ] ] ] ) )
Note: CC = Consonant cluster. PVC = Postvocalic. S = Sometimes. M = Mostly.

w2z n 3 n 2w
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5.6. Summary of Strand One

For each of the three parts of Strand One of the study, the results indicate some
significant association (p<.05) between the exposure and outcome variables of
interest (Table 51 and Table 52).

5.6.1. Feeding and parental concern about speech development at
age 18 months

Part A found evidence that, after adjustment for confounding variables, parents of
children who were mixed fed (OR 2.05 [95% CI 1.18,3.56], z=2.53, p=.011) or
exclusively bottle fed (OR 1.83 [95% CI 1.04,3.23], z=2.09, p=.037) at age 15
months were around twice as likely to be concerned about their child’s speech
development at age 18 months, compared with children who were exclusively breast
fed at age 15 months (Table 51).

5.6.2. Feeding and speech sound error frequencies at ages 25 and 61
months

Part B found some evidence for a potential protective effect of exclusive bottle
feeding (compared with exclusive breast feeding or mixed feeding) at age 6 months
for velar (IRR 0.80 [95% CI 0.64,0.99], z=-2.05, p=.040), liquid (IRR 0.83 [95%
CI 0.71,0.97], z=-2.31, p=.021) and postvocalic (IRR 0.70 [95% CI 0.53,0.92], z=-
2.56, p=.010) sound error frequencies at age 25 months after adjustment for
confounders (Table 30). No associations were observed between feeding method
and fricative sound errors at age 25 months after adjustment for potential
confounders. Evidence of an association between increased likelihood of alveolar
errors at age 61 months and feeding at age 15 months was indicated (Table 37).
Children who were mixed fed (OR 2.89 [95% CI 1.11,7.58], z=2.16, p=.030) or
exclusively bottle fed (OR 2.90 [95% CI 1.06,7.96], z=2.07, p=.039) at age 15
months were shown to be almost three times more likely to make alveolar speech
sound errors at age 61 months, compared with children who were exclusively breast
fed at age 15 months (Table 37 and Table 52).
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5.6.3. NNS and speech sound error frequencies at ages 25 and 61
months
Part C found that, after full adjustment for confounders, only velar sound error
frequency at age 25 months was associated with NNS (Table 43). Some evidence
was found of a potential protective effect of frequent dummy use (IRR 0.68 [95%
CI 0.49,0.94], z=-2.34, p=.019) and occasional digit sucking (IRR 0.74 [95% CI
0.58,0.94], z=-2.43, p=.015) at age 24 months against higher frequency of velar
sound errors at age 25 months (Table 43). No further significant associations
between NNS and speech errors at age 25 months were indicated. Occasional digit
sucking at age 15 months (OR 1.59 [95% CI 1.03,2.46], z=2.09, p=.037) was
indicated to be associated with increased likelihood of alveolar errors at age 61
months (Table 52).

Table 51. Summary of observed associations from the fully adjusted logistic
regression models for feeding and parental concern about speech at age 18
months

Outcome Variable:
Exposure variable: Parental concern about speech
Feeding method development at age 18 months
No Yes
Breast - -
CV%ZI‘(IS Mixed - i
Bottle - -
Breast /
Age 6 mixed i i
months
Bottle - -
Breast - -
. ] A
Age 15 | Mixed (205%)
months Y
Bottle - (183%)
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Table 52. Summary of observed associations for the adjusted models for feeding, NNS and speech sound error frequencies at
ages 25 and 61 months

Exposure variable:

Outcome Variable:
Speech sound error frequency

Feeding / NNS Velar CC Liquid Fricative PVC Alveolar
25m 61m | 25m | 61m 25m 61m | 25m | 61m | 25m | 61m 61m
Feeding Breast - - - - - - - - - -
age 4 Mixed - - | W - W - - - - -
weeks Bottle - - - - - - - - - -
Feeding Breast/ ) i ) i ) ) ) ) ) )
age 6 mixed
months Bottle WV - - - 22 - - N - -
Breast - - - - - - - - - -
ages | Mixed S I B B el S B R
months Bottle ) i ) i ) ) ) ) ) 33%
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Table 50. (Continued)

Outcome variable:

Exposure variable: Speech sound error frequency
Feeding / NNS Velar CC Liquid Fricative PVC Alveolar
25m 61m | 25m | 61m 25m 61m | 25m | 61m | 25m | 61m 61m
Dummy age 4 ) ) ) ) ) ) ) ) ) ) )
weeks Yes
Dummy age Sometimes - - - - - - - - - - -
15 months Mostly N N a a a a : : . n
Digit . ) ) ) ) ) ) ) ) ) ) )
age 15 Sometimes 599%
months Mostly - - - - - - - - - - -
Dummy age Sometimes - - - - - - - - - - -
24 months Mostly W | - [ - - - - | - - - -
Digit Sometimes | W¥W - - - - - - - - - -
age 24
months Mostly - - - - - - - - - - -
Dummy age Sometimes - - - - - - - - - - -
38 months Mostly - - - - - - - - - - -
Digit Sometimes - - - - - - - - - - -
age 38
months Mostly ' i i i i i i i i i i

Note: CC = consonant cluster. PVC = postvocalic. ( )= compared with exclusive bottle feeding. No. arrows indicates likelihood increase/decrease (one
arrow <10%, two arrows=11-20%, three arrows=21-30%, four arrows=31-40%, figures >40% are specified).
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Chapter Five: Results for Strand Two ALSPAC-G2 Dataset

1. Overview of chapter

This chapter presents the results from Strand Two of this study, which is comprised
of two parts. Part A examined relationship between feeding regime and PCC scores
at ages 24, 36 and 48 months. Part B examined the relationship between NNS and
PCC scores at ages 24, 36 and 48 months. Brief summaries of the results for each
part of the strand are provided as well as a final summary of the results of the whole

strand.

2. Part A: feeding and speech sound errors at ages 24, 36 and 48
months
In this section ALSPAC-G2 data from clinical speech sound assessments at ages 24,

36 and 48 months were examined with feeding group data.

2.1. Sample size

Exposure variable data on feeding were available for each of the outcome measures.
Figure 21 illustrates the process of derivation of participants for this study. Children
with unrecorded gestational age data (n7=67) were included in the sample. This is
because prevalence of premature births between 2010-2017 was 7-8% meaning
that only 5 of the 67 children were likely to have been born before 37 weeks
gestation (Office for National Statistics, 2020). To exclude all children with
unrecorded data would have substantially reduced the sample size and the statistical
power for calculations. During the course of the data collection period some children
participated in more than one of the assessment clinics as they became eligible for
an older age group (n7=26). To avoid a learning effect on the assessment materials
and bias within the sample, only data for the first assessment clinic was retained.
The final sample size of 122 participants included 57 females (46.72%).

188



ALSPAC G2
Dataset (NW=161)

v

Eligible
Participants
(=122}

Exclusions:

Premature birth {n=5);
Repeated participant (n=26);
Attended regular speech
therapy for sounds (n=6);
Cleft lip/palate (n=2)

v

Age 24 Months:

Single Word
PCC Score (n=41)

k4

Age 36 Months:

Single Word
PCC Score (n=37)

Connected Speech PCC

Score (n=12)

.’

Age 48 Months:

Single Ward
PCC Score (n=44)

Connected Speech
PCC Score (n=286)

l

l

l

I

Figure 21. Derivation of participants for Strand Two Part A
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2.1.1,

The proportions for males and females across the feeding groups are broadly in line

Exposure variables: feeding groups

with the wider sample with regard to exclusive bottle feeding (Table 53). A larger
proportion of females were exclusively breast fed across the age groups, while a

smaller proportion were mixed fed at ages 4 weeks, and 9 months old (Table 53).

Table 53. Exposure variables: feeding groups by age

Feeding groups
. Exclusive . Exclusive
Age point breast fed Mixed fed bottle fed
n=51 n=38 n=32
4 weeks | (Female n=28, (Female n=14, | (Female n=15,
54.90%) 36.84%) 46.88%)
n=18 n=17 n=23
12 weeks | (Female n=10, (Female n=9, (Female n=10,
55.56%) 52.94%) 43.48%)
n=26 n=17 n=77
6 months | (Female n=15, (Female n=8, (Female n=33,
57.69%) 47.06%) 42.86%)
n=20 n=12 n=88
9 months | (Female n=12, (Female n=4, (Female n=41,
60.00%) 33.33%) 46.59%)
12th Femal n—=2596 51.79% (Fe”:a'éc:‘:‘;'
months (Female n=29, 51.79%) 45.00%)

2.1.2,

Confounding variables and covariates for Strand Two Part A are illustrated in chapter

Potential confounding variables

three (Figure 7). The majority of children in the sample lived in owned or privately
rented accommodation (7=56, 75.68%), with balanced biological sex groups (Table
54). The largest proportion of children had mothers educated to vocational level
(n=44, 45.83%). More females than males had mothers educated to AS/A Level or
above (n=19, 54.29%). The largest proportion of children were born to mothers
aged 23 years (=42, 34.43%). Note here that age 25 years is the oldest specified
age because of the period of time between the original ALSPAC study in 1990-1991
and this period of data collection for the ALSPAC G2 study. As described in chapter
four, maternal age was included as a potential confounding variable in the analysis
as a result of evidence from Roulstone et a/ (2009), in a related study using the
same data, which indicated a potential association with speech sound development.

Despite the small age range of mothers in this sample, the variable was retained
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for consistency of analysis with the original ALSPAC dataset. 60% of males had OME
at age 12 months (n7=10) compared with 44.44% of males who had OME at age 48
months (n7=4). Of the 26% of children who were not yet combining two words at
age 24 months, two thirds were male (7=6). All children who were not combining

syllables at age 12 months were male (7=5, 5.95%).
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Table 54. Summary statistics for categorical potential confounding variables
and covariates for Strand Two Part A

Biological sex

Potential confounding variable / Fen’11ale M';Ie To;al
covariate % % %
Owned/privately 27 29 56
Home rented 48.21 51.79 100.00
ownership Council rented/ 9 9 18
other 50.00 50.00 100.00
8 9 17
= GCSE 47.06 | 52.94 | 100.00
Vocational 18 26 44
Maternal 40.91 59.09 100.00
education 10 9 19
AS/A Level 52.63 | 47.37 | 100.00
= Degree S / 16
= 56.25 43.75 100.00
21 years 4 10 14
y 40.00 60.00 100.00
22 years 16 18 34
y 47.06 52.94 100.00
21 21 42
Maternal age 23 years 50.00 50.00 100.00
24 years 14 10 24
Yy 58.33 | 41.67 | 100.00
2 6 8
25+ years 25.00 | 25.00 | 100.00
No 34 28 62
Ear Infection at 54.84 45.16 100.00
12 months Yes 4 10 14
40.00 60.00 100.00
No 19 22 41
Ear Infection at 46.34 53.66 100.00
48 months Yes 5 4 9
55.56 44.44 100.00
48 52 100
Word Yes 48.00 | 52.00 | 100.00
combination at 3 6 9
24 months No 3333 | 66.67 | 100.00
40 39 79
Syllable Yes 50.63 | 49.37 | 100.00
combination at 0 5 5
12 months No 0.00 | 100.00 | 100.00
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2.1.3. Outcome variables: clinical speech assessment data

Single word PCC (SwPCC) scores

Table 55 and Figure 22 presents the summary statistics for the overall outcome
variable SWPCC score. Mean scores for SWPCC increase with age, as expected in
typical development (Figure 23, Figure 24 and Table 56). Mean scores for females
are higher than for males across the age groups (Table 56). A high degree of score

variability was observed among younger children (Figure 23 and Figure 24).

Table 55. SWPCC score summary statistics

Overall SWPCC score

n Mean Median
s.d IQR
67.92 72.51
122 23.73 51.61-87.27
L |
[oY]
<
[aY]
>
8 ™
g
3
E [=T
Ln —
(=) T T T T T
20 40 60 80 100

Single Word Level PCC Score

Figure 22, Histogram of SWPCC scores (n=122)
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Figure 23. Scatter plot of SWPCC scores and age with line of best fit (7=122)

Table 56. SWPCC score summary statistics, by age group

SwPCC score

Age 24 months

Age 36 months

Age 48 months

n Mean | Median n Mean | Median n Mean | Median
s.d IOR s.d IOR s.d IOR

Whole 45.18 | 3762 7472 | 7667 8338 | 0822
Whole a1 | B38| 2g57- |37 7272 | esor- | 44 | 93381 gaso.
P ' 63.00 ' 85.00 : 94.79
52.08 79.03 91.94

Female | 19 fg'gg 34.04- | 19 Zg'sg 71.67- | 19 889;‘108 85.00-
' 64.47 ' 88.33 : 95.00

35.75 72.44 85.48

Male 22 ‘1‘833 26.92- | 18 Zg'gg 56.90- | 25 Zg'gz 69.00-
: 56.18 : 85.00 ' 93.10
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Figure 24. Box and whisker plot of SWPCC scores at ages 24 months (7=410),
36 months (7=37) and 48 months (n1=44)

Connected speech PCC (CsPCC) scores

Table 57 presents the summary statistics for overall connected speech PCC (CsPCC)
score and Figure 25 presents these data in a histogram. Mean CsPCC scores were
shown to increase with age, as expected in typical development (Figure 26, Figure

27 and Table 58). Females achieved higher mean CsPCC scores than males (Table

58).

Table 57. Overall CsPCC score summary statistics

Overall CsPCC score

n Mean Median
s.d IQR
38 70.48 73.33
19.79 61.90-83.87
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Figure 25. Histogram of overall CsPCC scores (/7=38)
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Figure 26. Scatter plot of CsPCC scores and age with line of best fit (7=38)
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Table 58. CsPCC score summary statistics for ages 36 and 48 months

CsPCC score
Age 36 months Age 48 months
n Mean Median n Mean Median
s.d IQR s.d IQR
Whole 12 62.48 64.95 % 74.17 76.38
sample 17.26 | 50.06-75.56 20.09 66.67-88.89
Female 6 69.43 71.10 14 77.74 79.61
11.49 | 61.90-76.92 14.66 73.33-87.10
Male 6 55.53 53.14 12 70.01 70.62
20.19 | 45.83-72.22 25.06 56.76-93-22
=
e
281
w
0
O
o
S o
2]
w
©
&
[&]
£21
5
5]
8_
[ ]
Age Group
[ 36 Months [ 48 Months

Figure 27. Box and whisker plot of CsPCC scores at ages 36 months (n=12) and
48 months (n1=26)

2.2. Data analysis: PCC scores

The following sections present first the analysis of the overall SWPCC score outcome

data, and then PCC scores for each individual age group. This approach will then be

repeated for the CsPCC score outcome data.

2.2.1,

Univariable analysis of potential confounders associated with SWPCC score showed

that age group, biological sex and maternal age had p values <.10 (Table 59). In
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order to retain a measure of SES for the multivariable analysis, home ownership
was also retained due to the lower likelihood ratio p value compared with maternal

education.
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Table 59. Univariable regression model results for potential confounders

associated with overall SWPCC score

Outcome variable:
SwPCC score

Note:

. Coef. t
Variable Category [95% CI] [df] p
Demographics
24 months 1.00 - -
Assessment age | 36 months 121 ggg; 21] [71'163] <.001
group oA
38.20 10.31
48 months [30.86,45.54] [119] <.001
Female 1.00 - -
Biological sex -9.65 -2.28
Male [-18.03,-1.27] | [120] | 924
Owned /
. privately 1.00 - -
Is-ltt;rtILes ownership rented
Council / 5.26 0.79 434
other [-8.07,18.59] [72] '
21 years 1.00 - -
-1.76 -0.25
22 years [-15.92,12.41] | (1181 | 8%
Maternal age -14.24 -2.05
23 years [-28.00,-0.47] | [118] | 943
-21.01 -2.91
24+ years [-35.30,-6.71] [118] .004
< GCSE 1.00 - -
. 4.43 0.64
Maternal Vocational [-0.28,18.14] [92] .523
education AS/A Level 16 g / '[09'(2)]6 951
0.27 0.03
2 Degree [-16.46,17.00] [92] .975
Ear infection No _2%01 -0-88 -
atl2 months Yes [-20 5'5 7.92] [7' 4] .380
Ear infection at N2 51333 5 ;36 -
48 months Yes [-0.10,22.65] [48] .395
Early developmental variables
Syllable Yes - - -
combination at No 8.49 0.73 470
12 months [-14.79,31.76] [82] )
Word Yes 1.00 - -
combination at No 0.81 0.10 923
age 24 Months [-15.69,17.31] [107] )

See Appendix AA for full table of model n values. df = degrees of freedom.
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Univariable analysis of the relationship between feeding groups and overall SWPCC
score showed an association between SWPCC and feeding at age 4 weeks and age
12 months (Table 60). In both cases children who were exclusively bottle fed at
these ages achieved lower overall PCC scores (age 4 weeks: coef.= -11.30 [95% CI
-21.78, -0.82], t=-2.14, d<=118, p=.035; age 12 months: coef.= -18.76 [95% CI
-30.59, -6.94], t=-3.16, d<=74, p=.002) on average compared with children who
were exclusively breast fed at these ages. No associations were found when the
univariable analysis was rerun with bottle feeding as the reference group to allow

for comparison between mixed feeding and bottle feeding (Appendix AB).
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Table 60. Univariable regression model results for feeding groups and overall
SwPCC score

Outcome variable:
Exposure variable: SwPCC score
Feeding method Coef. t
[95% CI] | [df] p
Breast fed [%] - -
Age 4 . -7.74 -1.54
weeks | Mixed fed [-17.70,2.221 | 118] | 1%/
-11.30 -2.14
Bottle fed [-21.78,-0.82] | [118] .035
Breast fed [%] - -
Age 12 . 0.64 0.10
weeks | Mixed fed [-11.54,12.82] | [118] | 218
-3.25 -0.64
Bottle fed [-13.26,6.76] [118] .522
Breast fed [%] - -
Age 6 . -10.83 -1.46
months | Mixed fed [-25.49,3.84] | 1171 | 1%
-1.09 -0.20
Bottle fed [-11.76,9.57] [117] .840
Breast fed [%] - -
Age 9 . 0.12 0.01
months | Mixed fed -17.2217.471 | 17y | 2%
3.83 0.64
Bottle fed [-7.94,15.5] [117] 521
. 1
Age 12 Breast/mixed -] - -
months -18.76 -3.16
Bottle [-30.59,-6.94] | [74] | 992

Note: n for age 4 weeks and 12 weeks models n=121. n for age 6 month and 9 month models
n=120. n for 12 month model n=76.

In the unadjusted model, children who were exclusively bottle fed at age 4 weeks
obtained a PCC score 11 points lower on average (coef.=-11.30 [95% CI -21.78,-
0.82], t=-2.14, df=118 p=.035) than children who were exclusively breast fed at
that age (Table 61). Note the wide confidence interval for this coefficient. Children
who were exclusively bottle fed at age 12 months obtained a PCC score 18.76 points
lower on average (coef.=-18.76 [95% CI -30.59,-6.94], t=-3.16, df=74 p=.002)
compared with children who were exclusively breast fed at this age. Neither of these

effects were maintained after adjustment of the model for confounders (Table 61).
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Table 61. Unadjusted and adjusted regression models for feeding method and overall SWPCC score

Model O: Model 1a:
. s Adjusted for age group and
Exposure variable: Unadjusted bioloaical
Feeding method 1070gica” sex
Coef. t Coef. t
[95%cI] | [dfl | P | [95% cI] [df] P
1 1
Breast fed - - - -
[-] [-]
Age 4 . 7.74 -1.54 -3.95 111
weeks |Mixedfed | 5000007 | 1118] | 1% | [10.97,3.07] | [115] 269
-11.30 2.14 -6.44 -1.72
Bottlefed | | >, 75 0.821 | 118] | "93° | [-13.84,096] | [115] | 088
Breast/ 1 i ) 1 ) )
Age12 |mixed fed [-] [-]
months -18.76 -3.16 -7.19 -1.66
Bottlefed | | 3059,6.947 | [74] | ‘092 | [-15.82,1.45] | [71] 101
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Table 59. (Continued)

Exposure variable:
Feeding method

Model 1b:
Adjusted for age group, biological
sex and home ownership

Model 2:

Adjusted for age group, biological sex,
home ownership and maternal age

Coef. t Coef. t
[95% CI] [df] u [95% CI] [df] P
1 1
Breast fed - - - -
[-] [-]
Age 4 . -4.37 -0.91 -2.95 -0.59
weeks | Mixedfed | 5005517 | [66) 365 [-12.94,7.04] [63] 557
-1.55 -0.29 -0.73 -0.13
Bottlefed | | 15180071 | [66] 7721 1.11.64,10.19] [63] -895
Breast/ 1 i ) 1 ) )
Age 12 mixed fed [-] [-]
months 0.89 0.14 0.23 0.04
Bottlefed |\, c5 1344 [44] 867 [-12.70,13.15] [41] 972

Note: n for age 4 weeks: model 0 (#7=121); model 1a (n=121); model 1b (n=73); model 2 (n=73). nfor age 12 months: model 0 (n=76); model 1a (n=76);

model 1b (7=50); model 2 (7=50).
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2.2.2. Data analysis: SWPCC score by age group

Univariable analysis of feeding groups and SwPCC score at each age group (24, 36
and 48 months) indicated coefficients with p<.10 for all feeding age groups except
age 12 months (Table 62). Across all feeding age groups, children who were mixed
fed or exclusively bottle fed obtained, on average, lower SWPCC scores at age 24
months compared with children who were exclusively breast fed (Table 62). At age
36 months, SWPCC scores obtained by children who were exclusively bottle fed at
ages 4 weeks, 12 weeks and 6 months were lower, on average, compared with
exclusively breast fed children. In contrast, SWPCC scores were higher at age 48
months among children who were exclusively bottle fed at ages 12 weeks, 6 months
and 9 months, compared with exclusively breast fed children at the same ages. The
significance of this association was strongest for bottle fed children at age 9 months,
who, on average, achieved a SWPCC score at age 48 months 18.88 points higher
than children who were exclusively breast fed at age 9 months (coef.= 18.88 [95%
CI 3.39,34.38], t=2.46, d<=40 p=.018).
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Table 62. Univariable regression model results for feeding groups and SwPCC score, by age group

Outcome variable:
SwPCC score

Exposure variable: Age 24 months Age 36 months Age 48 months
Feeding method Coef. t p Coef. t p Coef. t p
[95% CI] | [df] [95% CI] | [df] [95% CI] | [df]

Breast fed [%] - - [%] - - [%] - -
wooks | Mixed fed [-27-.1331'?06.59] -[132]4 -060 [-13.-005',0172.91] -[032]1 992 [-13-.5'6‘387] -[%T 665
Bottle fed [-27_.1739',2 1(?28] _[13'315 073 [-21-.1508.,305.89] _[13'517 070 [-10.;'129.05] ([)451§ 75

Breast fed [%] - - [}] - - [%] - -
ek | Mixed fed [-40-%3}.,?62.20] [23515 -009 [-ze;.l 11i,335.41] -[13?]6 127 [-2.;;)5??.48] Efl? 125
oot | e B || o | B8R

Breast fed [%] - - [%] - - [%] - -
months | Mixed fed [-45_.312,?3.23] [333]6 -004 [-3(;.1836.,535.76] -[13'4?]9 121 [-13.34?31.85] ([)4?)? 653
Bottle fed [-28-.1}?5.,?5.28] [233§3 023 [-24;.1416;?01.83] -[13'2? -066 [-0.;22,.;5378] %4%? -061
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Table 60. (Continued)

Outcome variable:
SwPCC score
. Age 24 months Age 36 months Age 48 months
Exposure variable:
Feeding method Coef. t p Coef. t p Coef. t p
[95% CI] | [df] [95% CI] | [df] [95% CI] | [df]
1 1 1
Breast fed - - - - - -
[-] [-] [-]
Age9 | ... 29.51 20.86 11.36 118 14.01 1.20
months | Mixed fed 1-31.97,12.95] | [38] | 2 | [-30.94.8.22] | [33] | %% | [-0.6637.68] | [a0] | -23°
113.81 21.99 8.16 21.10 18.88 2.46
Bottle fed 1-27.86,0.25] | 38] | 9% | 1-23.27.6.96] | [33] | 2®° | [3.3934.38] | [407 | 018
: 1 1 1
Breast/mixed - - - - - -
Age 12 / ] = 0
months 28.01 1.10 29.03 135 3.79 20.39
Bottle [-25.63,7.80] | [23] | 281 | [22.01,4.84) | [23] | 19! | [-23.96,16.38] | [24] | 7O

Note: See Appendix AC for table of n values for each model.
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Separate tables are presented for the unadjusted and adjusted regression analyses
for feeding and SwPCC score at age 24 months (Table 63), 36 months (Table 64)
and 48 months (Table 65).

Infant feeding and SwPCC score at age 24 months

After full adjustment for confounders none of the associations observed in the

univariable analysis remained at the p<.05 significance level (Table 63).
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Table 63. Unadjusted and adjusted regression models for feeding method and SwWPCC score at age 24 months

Model 0: Model 1a:
Exposure variable: Unadjusted Adjusted for biological sex
Feeding method Coef. t o t
[95% CI] [df] p Coef. [95% CI] [df] p
1 1
Breast fed - - - -
' [-] [-]
Aged | 13.36 1.04 9,30 117
weeks | Mixedfed | o 50501 | 381 | %0 |  [-25.39,6.79] 371 | %P
13.26 1.85 11,65 11.59
Bottlefed | 57791280 | 38] | 93| [-26.53,3.23] 377 | 1%
1 1
Breast fed - - - -
[-] [-]
Ade12 | 23.52 2.75 2320 2.78
s |Mixedfed | 006001 | 23] || [40.10.-6.31] 221 | ‘008
-13.46 2.22 112.20 2,05
Bottlefed | ' >570,-1217 | 23] [932] [-24.23,0.16] 221 | ‘047
1 1
Breast fed - - - -
(-] (-]
Age6 | .. 27.34 3.06 26.24 2.96
months | MXedfed | 5460231 | 371 |09 [-44.20,-8.28] 36 | "003
15.36 2.38 113.03 1.98
Bottlefed | | 845-228) | 371 |0%3| [-22204.22] 36] | 0°°
1 1
Breast fed - - - -
(-] (-]
Age9 | .. 9.51 0.86 5.78 0.51
months | Mixedfed | 5 o005 | 38] | 2| [-286817.12 371 | o2
13.81 11.99 11.38 1.61
Bottlefed | ), 86 0251 | [38] | 9% | [-25.742.98] 371 | M
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Table 61. (Continued)

Model 1b: Model 2:

E iable: Adjusted for biological sex and Adjusted for biological sex, home
Xposure variable: home ownership ownership and maternal age
Feeding method

Coef. t Coef. t
[95% CI] [df] u [95% CI] [df] P
1 1
Breast fed - - - -
' [] []
Aged | . 9.21 20.88 7.32 20.65
weeks | Mixedfed | 550010477 | 221 | 388 | [307316.08] | [20] 21
4.85 20.50 3.75 20.38
Bottlefed |  ,17815.08] | [22] | ®'° | [24.36,16.86] | [20] 708
Breast fed [%] - - [%] - -
Ade 12 | oo 1853 173 15.2833 1.30
s | Mixedfed | 405973701 | 14 | 9% | [:30.87,1.95] [13] 208
16.26 1.45 11.95 1.47
Bottlefed | | 58973561 | [147 | 1% | [-28.95,5.06] [13] 158
Breast fed [%] - - [%] - -
Age6 | .. 24.88 225 24.24 2.0
months | Mxedfed | o a6 1001 | (217 | 93 | [-48.52,-0.04] [19] 050
12.84 1.43 14.76 1,61
Bottlefed | ' 3, 475701 | 211 | 1% | [-33.90,-4.37] [19] 123
1 1
Breast fed - - - -
) [-] [-]
Age9 | ... -12.39 -0.85 -3.48 0.22
months | Mxedfed | 5 0017001 | [22] 4061 1372430271 | [20] 832
11.34 121 11.21 1.19
Bottlefed | ' 3067 8131 | 221 | 2% | [-30.838.41] [20] 247
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Note: nfor age 4 weeks: model 0 (7=41); model 1a (n7=41); model 1b (7=27); model 2 (n=27). nfor age 12 weeks: model 0 (7=41); model 1a (n=41); model
1b (7=27); model 2 (n=27). nfor age 6 months: model 0 (7=40); model 1a (7=40); model 1b (n=26); model 2 (n71=26). n for age 9 months: model 0 (7=41);
model 1a (7=41); model 1b (7=27); model 2 (n=27).
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Infant feeding and SwPCC score at age 36 months

After full adjustment for confounders, associations observed between feeding and
SwWPCC score at age 36 months were maintained for the age 6 months feeding group
(Table 64). At age 36 months, children who were mixed fed (coef.=-24.13 [95% CI
-44.91,-3.35], t=-2.47, df=15, p=.026) or exclusively bottle fed (coef.=-21.67
[95% CI -40.02,-3.32], t=-2.52, df=15, p=.024) at age 6 months obtained a SWPCC
score, on average, more than 20 points lower than children who were exclusively
breast fed at age 6 months (Table 64).
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Table 64. Unadjusted and adjusted regression models for feeding method and SwPCC score at age 36 months

Model 0: Model 1a:
Exposure variable: Unadjusted Adjusted for biological sex
Feeding method Coef. t Coef. t
[95% CI] [df] p [95% CI] [df] p
Breast 1 ) ) 1 ) )
fed [-] [-]
Age 4 | Mixed -0.07 -0.01 992 2.33 0.38 205
weeks | fed [-13.05,12.91] | [33] ' [-10.09,14.75] [32] '
Bottle -10.35 -1.87 070 -9.69 -1.86 072
fed [-21.58,0.89] [33] ' [-20.29,0.91] [32] '
Breast 1 ) ) 1 ) )
fed [-] [-]
Age 12 | Mixed -11.35 156 | 5o -9.26 -1.31 501
weeks | fed [-26.11,3.41] | [33] ' -23.70,5.17] [32] '
Bottle -12.81 -2.22 -11.35 -2.02
fed [-24.57,-1.05] | 331 | “93* | [2281,0.12] 321 | 02
Breast 1 i ) 1 . .
fed [-] [-]
Age 6 Mixed -13.55 -1.59 121 -10.45 -1.20 240
months | fed [-30.86,3.76] [34] ' [-28.20,7.30] [33] '
Bottle -11.81 -1.90 066 -8.99 -1.38 176
fed [-24.46,0.83] [34] ' [-22.20,4.22] [33] '
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Table 62. (Continued)

Exposure variable:

Model 1b:
Adjusted for biological sex and
home ownership

Model 2:

Adjusted for biological sex,
home ownership and maternal

Feeding method age
Coef. t Coef. t
[95% CI] [df] p [95% CI] [df] p

Breast 1 ) ) 1 ) )
fed [-] [-]

Age4 |Mixed 4.5 059 | oo 2.26 028 | o

weeks | fed [2078,11.73] | [17] | ° [-19.42,14.90] | [14] |
Bottle 8.23 116 | .o 11.35 149 | oo
fed [-23.13,6.68] | [17] | ° 1-27.65,4.95] | [14] |
Breast 1 ) ) 1 ) )
fed [-] [-]

Ade 12 | Mixed 118.00 2.36 17.28 1.93

e s | fed [-34.00-1.91] | 171 | "9 | 1-36.50,1.95] | 1417 | 9%
Bottle 116.26 -2.70 -15.47 -2.03
fed [-28.97,3.56] | 171 | "0 | 31.83,0.80] | [14] | ‘092
Breast 1 ) ) 1 ) )
fed [-] [-]

Age 6 | Mixed -20.60 262 | 045 24.13 247 | o6

months | fed [-37.13,-4.07] [18] ' [-44.91,-3.35] [15] )
Bottle -19.12 -2.99 21.67 2.5
fed [-32.56,5.60] | 18] | 998 | [40.02-3321 | 151 | ‘%4

Note: nfor age 4 weeks: model 0 (7=41); model 1a (n=36); model 1b (7=22); model 2 (n7=22). n for age 12 weeks: model 0 (7=41); model 1a (n=36);

model 1b (n=22); model 2 (n=22). nfor age 6 months: model 0 (7=40); model 1a (7=37); model 1b (n=23); model 2 (n=23).
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Infant feeding and SwPCC score at age 48 months

After full adjustment for confounders, only the association observed in the
unadjusted model between feeding at age 9 months and SwPCC score at age 48
months remained (Table 65). On average, children who were exclusively bottle fed
at age 9 months obtained a SwWPCC score at age 48 months 24.64 points higher
(coef.=24.64 [95% CI 3.88,45.40], t=2.52, df=16, p=.023) compared with children

who were exclusively breast fed aged 9 months (Table 65).
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Table 65. Unadjusted and adjusted regression models for feeding method and SwPCC score at age 48 months

Model 0: Model 1a:
Exposure variable: Unadjusted Adjusted for biological sex
Feeding method Coef. t Coef. t
[95% CI] [df] p [95% CI] [df] P
Breast 1 ) ) 1 ) )
fed [-] [-]
Age 12 | Mixed 10.25 1.57 125 9.07 1.41 166
weeks | fed [-2.97,23.48] [41] ' [-3.92,22.07] [40] '
Bottle 10.40 1.72 092 7.51 1.23 227
fed [-1.78,22.58] [41] ' [-4.86,19.88] [40] '
Breast 1 ) ) 1 ) )
fed [-] [-]
A . 4.00
ge 6 | Mixed - 0.45 653 1.64 0.19 850
months | fed 13.84,21.85] [40] [-15.84,19.12] [39]
Bottle 12.58 1.93 061 10.38 1.62 114
fed [-0.62,25.78] [40] ) [-2.62,23.39] [39] '
Breast 1 ) ) 1 ) )
fed [-] [-]
Age9 | Mixed 14.01 1.20 39 12.86 1.12 267
months | fed [-9.66,37.68] [40] [-10.26,35.97] [39]
Bottle 18.88 2.46 16.40 2.16
fed (3.39,34.38] | 401 | O® | o33tz | 3o | 037
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Table 63. (Continued)

Model 1b: Model 2:
Exposure variable: Adjusted for biological sex and | Adjusted for biological sex, home
Feedi ) home ownership ownership and maternal age
eeding method
Coef. t Coef. t
[95% CI] [df] p [95% CI] [df] p
Breast 1 ) ) 1 ) )
fed [-] [-]
Age 12 | Mixed 11.56 1.26 272 7.83 0.63 539
weeks | fed [-7.61,30.73] [19] ' [-18.58,34.24] [16] '
Bottle 11.37 1.27 271 11.53 1.19 750
fed [-7.61,30.73] [19] ) [-8.96,32.01] [16] )
Breast 1 ) ) 1 ) )
fed [-] [-]
Age 6 Mixed 11.98 1.04 311 8.84 0.57 578
months | fed [-12.12,36.07] [19] ' [-24.12,41.80] [16] '
Bottle 13.25 1.55 138 12.52 1.30 711
fed [-4.65,31.14] [19] ' [-7.86,32.90] [16] '
Breast 1 ) ) 1 ) )
fed [-] [-]
Age9 |Mixed 16.98 1.24 231 11.76 0.77 455
months | fed [-11.75,45.72] [19] ) [-20.80,44.32] [16] '
Bottle 24.44 2.70 24.64 2.52
fed [550,43.38] | [191 | O | [3.8845.40] 6] | ‘923

Note: nfor age 12 weeks: model 0 (7=44); model 1a (7=44); model 1b (7=24); model 2 (n=24). nfor age 6 months: model 0 (7=43); model 1a (n=43);
model 1b (n7=24); model 2 (n=24). nfor age 9 months: model 0 (7=43); model 1a (7=43); model 1b (7=24); model 2 (n=23).
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2.2.3. Data analysis: overall CsPCC score

Univariable analysis of potential confounders associated with overall CsPCC score
indicated that age group, maternal education and word combination at age 24
months had p values <.10 (Table 66). Biological sex was retained because of the
weight of published evidence for the association with speech sound development.
Although maternal education showed some weak association with the outcome
variable (= degree level: coef.=-25.31 [95% CI -51.35, 0.74], t=-2.01, df=23,
p=.056), home ownership was retained as the measure of SES the multivariable
analysis in order to maintain a consistent approach throughout the study.
Confounders and covariates age group, biological sex, home ownership and word
combination at age 24 months were taken forward for multivariable analysis, for

which the threshold p<.05 was applied.
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Table 66. Univariable regression model results for potential confounders
associated with overall CsPCC score

Outcome variable:

CsPCC score
. Coef. t
Variable Category? [95% CI] [df] p
Demographics
36 months 1.00 - -
Age group 11.69 1.74
48 months [-1.95,25.32] 136] .091
Female 1.00 - -
Biological sex® -10.06 -1.60
Male 22842711 | 36] | 1*°
Owned / 1.00 ) )
Home ownership | privately rented )
status® . -12.27 -1.41
Council / other [-30.36,5.82] 121] 173
21 years 1.00 - -
7.29 0.58
22 years 1-18.29,32.87] | 341 | %
Maternal age°© 9.72 0.73
23 years [-17.17,36.61] | [34] | 68
-1.82 -0.13
24+ years [-24.47,25.83] | [34] |
< GCSE 1.00 - -
. -13.55 -1.22
Vocational 233
Maternal [-36.45,9.35] [23]
education® -18.90 -1.35
AS/A Level [-47.75,9.96] 123] .189
-25.31 -2.01
= Degree [-51.35074] | [23] | "O°°
Ear infection at | Y2 1.00 - -
12 months Yes -6.69 -0.64 531
[-28.48,15.10] [22] '
Ear infection at  |-\° -11?9% -0-36 -
48 months Yes [-33.85,23.89] 18] 721
Syllable Yes 1.00 - -
combination at No -2.17 -0.19 849
12 months [-25.40,21.06] [24] '
Word Yes 1.00 - -
combination at No -19.76 -2.11 043
age 24 months [-38.87,-0.65] [31] )

Note: See Appendix AD for full Table of model n values.
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Univariable analysis of the relationship between feeding groups and overall CsPCC
score indicated that only feeding at age 4 weeks was associated with CsPCC score
where p>.10 (Table 67). On average, children who were either mixed fed or
exclusively bottle fed at age 4 weeks achieved Aigheroverall CsPCC scores in (mixed
fed: coef,.=15.99 [95% CI 2.91,29.07], t=2.48, df=34, p=.018; bottle fed:
coef.=20.83 [95% CI -0.05,41.70], =2.03, df=34, p=.051) compared with children
who were exclusively breast fed at age 4 weeks. No associations were found when
the univariable analysis was rerun with bottle feeding as the reference group to

allow for comparison between mixed feeding and bottle feeding (Appendix AE).
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Table 67. Univariable regression model results for feeding groups and overall
CsPCC score

Outcome variable:
Exposure variable: Overall CsPCC score
Feeding method Coef. t
[95% CI] [df] p
Breast fed [%] - -
Age 4 . 15.99 2.48
weeks |Mixedfed | 159129071 [34] | ‘018
20.83 2.03
Bottle fed [-0.05,41.70] [34] .051
Breast fed [%] - -
Age 12 - 7.49 0.79
weeks | Mxedfed | 44800688 | [34] | 438
14.93 1.58
Bottle fed [-4.29,34.14] [34] 124
Breast fed [%] - -
Age 6 - 4.38 0.37
months | Mixedfed | 190328701 | 35 | 7Y
14.20 1.35
Bottle fed [-7.13,35.53] [35] .185
Breast fed [%] - -
Age 9 . -8.84 -0.67
months | Mxedfed | o5 4617.78) | [35] | %
14.65 1.48
Bottle fed [-5.38,34.69] [35] 147
Breast / 1 ) )
Age 12 | mixed [-]
months -13.37 -0.87
Bottle [-45.13,18.39] | [22] | %?

Note: nfor age 4 weeks and 12 weeks models 7=37. n for age 6 month and 9 month models 7=38.
n for 12 month model n=24.
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After adjustment for confounders, the association observed in Table 67 between
exclusively bottle fed children and CsPCC score was not maintained (Table 68). In
the case of those who were mixed fed at age 4 weeks the association with CsPCC
score strengthened after full adjustment for confounders. On average, mixed fed
children obtained a CsPCC score 22.10 points higher (coef.=22.10 [95% CI
5.41,38.78], t=2.89, df=12, p=.014) compared with children who were exclusively
breast fed at age 4 weeks.
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Table 68. Unadjusted and adjusted regression models for feeding method and overall CsPCC score

Model 1b:

] Model 1a: .
Exposure Mod_el 0: Adjusted for age group and A.dJUSt.ed for age group,
. Unadjusted . . biological sex and home
variable: biological sex -
Feeding method ownership
Coef. t Coef. t Coef. t
[95% CI] [df] p [95%cCI] | [dff | P [95% CI] [df] p
Breast 1 ) ) 1 ) ) 1 ) )
fed [-] [-] [-]
Age 4 | Mixed 15.99 2.48 018 10.76 1.48 150 15.86 1.73 103
weeks | fed [2.91,29.07] [34] ) [-4.09,25.63] [32] ' [-3.61,35.33] [16] '
Bottle 20.83 2.03 051 18.32 1.78 084 16.12 1.37 188
fed [-0.05,41.70] [34] ) [-2.59,39.24] [32] ' [-8.74,40.98] [16] '
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Table 66. (Continued)

Model 2: Model 3:
Adjusted for age group, Adjusted for age group, biological
Exposure variable: biological sex and word sex, home ownership and word
Feeding method combination age 24 months combination age 24 months
Coef. t Coef. t
[95% CI] [df] p [95% CI] [df] p
Breast 1 ) ) 1 ) )
fed [-] [-]
Age 4 Mixed 14.43 1.95 062 22.10 2.89 014
weeks | fed [-0.78,29.65] [26] ' [5.41,38.78] [12] )
Bottle 5.44 0.41 682 5.10 0.47 646
fed [-21.58,32.46] [26] ' [-18.49,28.69] [12] '

Note: nfor age 4 weeks: model 0 (7=37); model 1a (n=37); model 1b (7=22); model 2 (n=32); model 3 (n=19).
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2.2.4. Data analysis: CsPCC score by age group

Regression analysis of feeding groups and CsPCC score at ages 36 and 48 months
was not possible due to small group sizes. Detailed description of the data is limited
by small group sizes and the requirement to preserve anonymity by only reporting
group sizes where m>5. Shriberg and Kwiatkowski (1982) proposed a PCC score
severity rating matrix, which has been used here to describe the CsPCC data (Table
69). Of the children aged 48 months, 19.23% (n=5) achieved a CsPCC score rated
moderate-severe or severe, compared with 50% (/7=6) of children aged 36 months.
Due to small group sizes, it is not possible to determine patterns between feeding

methods and CsPCC scores.

Table 69. PCC score severity rating matrix

PCC score severity rating matrix
Mild 85-100%
Mild-moderate 65-85%
Moderate-severe 50-65%
Severe <50%

Note: Adapted from Shriberg & Kwiatkowski (1982).

2.3. Summary

Table 70 summarises the results from the adjusted models for the primary analysis
of interest explored in this section: feeding method (ages 4 weeks, 12 weeks, 6
months, 9 months and 12 months) and PCC scores at ages 24, 36 and 48 months).
The presence of an arrow indicates that an association (p<0.05) was observed;
A suggests an /ncreased likelihood of speech sound error, and ¥ indicates
decreased likelihood of speech sound error. Compared with exclusive breast feeding
at ages 12 weeks and 6 months, mixed or exclusive bottle feeding were associated
with lower SWPCC scores at age 36 months (Table 70). In contrast, mixed and bottle
feeding are indicated to have protective effects, with higher CsPCC scores for mixed

and bottle fed children at 12 weeks, 6 months and 9 months.
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Table 70. Summary of observed associations from the fully adjusted logistic
regression models for feeding and PCC scores at ages 24, 36 and 48 months

Outcome variable:
PCC score
Exbosure SwPCC CsPCC
vaI:iabIe' score score
Feeding meéhod Overall 24 36 48 Overall
Months | Months | Months

Breast - - - - -
Mo [mxea T e

Bottle - - - - -

Breast - - - - -

e fmea [

Bottle - - - - -

Breast - - - - -

;%‘; fhs Mixed - - N - -

Bottle - - (17 - -

Breast - - - - -

ot A S R . - —

Bottle - - - MMA -

Breast / ) ) ) ) )

etz | mied
Bottle - - - - -

Note: No. arrows indicates average percentage points (%pts) increase/decrease (one arrow <10
points, two arrows=11-20 points, three arrows=21-30 points, four arrows=31-40 points, figures >40
points are specified).

3. Part B: NNS and speech sound errors at ages 24, 36 and 48 months
In this section ALSPAC-G2 data from clinical speech sound assessments at ages 24,

36 and 48 months were examined with NNS group data.

3.1. Sample size

Exposure variable data on NNS and PCC score outcome measures were collected
for each participant. Figure 28 illustrates the process of derivation of participants
for this study. Participants with unrecorded data for gestational age were managed
as per Part A section 3.1.1. The final sample size of 122 participants included 57
females (46.72%). There are significant missing data resulting in smaller exposure
and outcome groups for the analysis. Group sizes where n<5 cannot be reported

for reasons of potential loss of anonymity.

225



ALSPAC G2

Dataset (M=161)

v

Eligible
Participants
(n=122)

Exclusions:
Premature birth {n=5);
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Figure 28. Derivation of participants for Strand Two Part B
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3.1.1. Exposure variables: NNS groups

Due to small group sizes (range n=0-n=19) (Figure 28) and the risk to loss of
anonymity, the NNS data could not be presented in a table by group and biological
sex. For each of the NNS age groups (ages 24, 36 and 48 months), n<5 for at least

one of the group categories (never, sometimes, mostly).

3.1.2. Potential confounding variables
The potential confounding variables and covariates for this part of the study are the

same as those described in Section 3.1.1.2.

3.1.3. Outcome variables: clinical speech assessment data - PCC
scores
The SwPCC and CsPCC scores used as the outcomes of interest in this study are

described in section 3.1.1.3.

3.2. Data analysis: PCC scores

Regression analysis was not possible due to insufficient exposure variable data. The
following sections present a description of the SwPCC score outcome data, the
SwWPCC scores for each age group, using the standard score and percentile rank
data from the DEAP (Dodd et a/ 2002) and TPT (McIntosh & Dodd, 2011)
assessment manuals. The age groups have been combined to create the overall
SwPCC score, as per Strand Two (see section 2.2.1). A similar approach to that
adopted in Part A of this strand, was used for the CsPCC score outcome data, where
the data was described using the PCC score severity rating matrix (Shriberg &
Kwiatkowski, 1982) (Table 69).

3.2.1. Data analysis: overall SWPCC score

Almost 30% of children who sucked a dummy or their digit at least some of the
time at ages 24, 36 and 48 months, achieved a SWPCC standardised score below 7
(n=27, 29.67%,; n=25, 29.41%, respectively). This indicates below typical
performance, as approximately two-thirds of all children achieve standard scores
between 7 and 13 (Dodd et a/, 2002, p.20; McIntosh & Dodd, 2011, p.31). The

majority of children with SWPCC score data (/7=13, 81.25%) who were reported not
227



to suck a dummy at age 36 months obtained SwPCC standardised scores of at least
8 (25" percentile or higher). A similar trend was observed for children who were
reported never to suck a dummy at age 48 months, of which 87.50% (n=14)

obtained an SWPCC standardised score of at least 8 (25 percentile or higher).

3.2.2. Data analysis: SWPCC score by age group
Summary statistics could not be generated because group sizes n<10 with several

empty groups (n7=0).

3.2.3. Data analysis: overall CsPCC score
Summary statistics could not be generated because group sizes n7<10, with many

empty groups (n7=0).

3.3. Summary

Due to small sample sizes, it was not possible to perform regression analysis on the
data. Almost a third of children who sucked a dummy or digit at ages 2-4 years
achieved a standardised SwPCC score below 7, which is the lower end of the
expected score range for typical speech development. Findings from the CsPCC data

with regard to NNS were not possible due to small group sizes.

4. Summary of Strand Two
The results of this strand of the study indicate some association between early

feeding regime and speech sound development in early childhood (Table 70).

4.1. Infant feeding and PCC scores at ages 2-4 years

Part A of this strand found evidence that children who were mixed fed (coef.=-
24.13 [95% CI -44.91,3.35], t=-2.47, df=15, p=.026) or exclusively bottle fed
(coef.=-21.67 [95% CI -40.02,3.32], t=-2.52, df=15, p=.024) at age 6 months
were likely to achieve a SWPCC score at age 36 months around 20 points lower
compared with exclusively breast fed children (Table 64). In contrast, children who
were exclusively bottle fed at age 9 months were more likely (coef.=24.64 [95% CI
3.88,45.40], £=2.52, df=16, p=.023) to achieve a higher SWPCC score at age 48

months compared with exclusively breast fed children (Table 65). With regard to
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CsPCC score, children who were mixed fed at age 4 weeks obtained a CsPCC score,
on average, 22.10 points higher compared with children who were exclusively breast
fed at this age (coef.=22.10 [95% CI 5.41,38.78], t=2.89, d.f.=12, p=.014) (Table
68). Further analysis of potential associations between feeding methods and CsPCC

data was not possible due to insufficient sample size.

4.2. NNS and PCC scores at ages 2-4 years

In Part B of this strand, formal statistical analysis of an association between NNS
and SWPCC or CsPCC scores was not possible due to insufficient data (Figure 28).
Informal analysis indicated that almost 30% of children who sucked a dummy or
their digit at least some of the time at ages 24, 36 and 48 months, achieved a
SwWPCC standardised score below 7 (n=27, 29.67%; n=25, 29.41%, respectively).
Children who never sucked a dummy at age 36 months or 48 months obtained
SwPCC standardised scores of at least 8 (25% percentile or higher (7=13, 81.25%;
n=14, 87.50%, respectively). Analysis of potential associations between NNS and

CsPCC was not possible due to insufficient sample size.
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Chapter Six: Results for Strand Three: NHS Clinical Data

1. Overview of the chapter

This chapter presents the results from Strand Three of this study, which is
comprised of three parts. Part A examined the relationship between feeding regime
and PCC scores between ages 2 and 5 years. Part B examined the relationship
between NNS and PCC scores between ages 2 and 5 years. Brief summaries of the
results for each part of the strand are provided as well as a final summary of the

results of the whole strand.

2. Part A: infant feeding and speech sound errors between ages 2-5
years

This section examines questionnaire and clinical assessment data about infant

feeding regime from NHS clinical patients to explore relationships between feeding

regime and speech sound development between ages 2-5 years.

2.1. Sample size

Exposure variable (feeding) data and outcome variable (SWPCC and CsPCC PCC
scores) data were collected for each participant. Figure 29 illustrates the process of
derivation of participants for this study. The final sample size of 52 participants
included 19 females (36.54%). 15.38% of children in the sample were aged under
36 months and completed the Toddler Phonology Test (TPT) assessment (/7=8).
The majority of participants were aged 36 months or over and completed the
Diagnostic Evaluation of Articulation and Phonology (DEAP) (Dodd, 2005). Due to
the small data sample, the analysis is presented as children age <36 months and

>36 months.
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Figure 29. Derivation of participants for Strand Three Part A
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2.1.1. Exposure variables: feeding groups

Biological sex could not be included in Table 71, because group sizes <5 risked loss
of data anonymity. Higher proportions of females than males were exclusively bottle
fed across the age groups, and higher proportions of males were exclusively breast
fed. The largest proportion of children were breast fed at age 4 weeks, while
exclusive bottle feeding constituted the largest proportions at ages 12 weeks, 6
months and 9 months (Table 71).

Table 71. Exposure variables: feeding groups by age

Feeding groups
. Exclusive . Exclusive
Age point breast fed Mixed fed bottle fed
4 weeks n=27 n=6 n=19
12 weeks n=22 n=* n=26
6 months n=20 n=>5 n=27
9 months n=12 n=7 n=32

Note: *group size n<5.

2.1.2. Potential confounding variables

Limited data were available for confounding variables. Data were collected on the
child’s age at assessment (months) (Table 72) and biological sex (Table 73) (see
also chapter three Figure 6). The age data showed normal distribution with the
largest proportion of children aged around 46 months (Figure 30). The proportion
of females who completed the TPT and DEAP clinical assessments reflected the

proportion of the overall sample (Table 73).

Table 72. Summary statistics for potential confounding variable: age (months)
of child at assessment

Age of child at assessment
(months)
n Mean Median
s.d IQR
43.77 45
>2 7.51 38-48
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Figure 30. Histogram of participant age at assessment (months) (7=52)

Table 73. Sample (n) for covariate biological sex

Assessment age group

<Age 36 months >Age 36 months

8 44
(Female n=3, 37.50%) | (Female n=16, 36.36%)

2.1.3. Outcome variables: clinical speech assessment data PCC scores
Single word PCC (SwPCC) scores

Table 74 presents the summary statistics for the overall outcome variable SWPCC
score. The data appeared normally distributed with slightly higher proportions of
children achieving scores below the overall mean (Table 74, Figure 31, Figure 32
and Table 75). This pattern is expected within a population of children known to
have SSD. The majority of children in the sample (n=38, 73.08%) obtained a
standardised SWPCC score of 3 (1st percentile), indicating SSD of significant clinical

concern.
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Table 74. SWPCC score summary statistics

Overall SWPCC score

n Mean Median
s.d IQR
52 40.49 40.16
17.04 31.58-50.58
w |
[
3‘1_
©
3
g
C
LD -
<o T T T T T
0 20 40 60 80

Single Word PCC Score

Figure 31. Histogram of SWPCC raw scores (n7=52)

In line with expectations of typical development, mean SwPCC scores generally
increased with age (Figure 32 and Figure 33). Mean SwPCC scores for females aged
under 3 years were on average 6% higher than for males (females mean=29.24;
male mean=23.26), but little difference in means was observed between the sexes
in children over age 3 years (females mean=43.54; males mean=43.03). The
disparity between group sizes should be noted (under 36 months n=8; over 36
months 7=44) (Table 75). Gender proportions () are not noted in the table due to

risk to loss of data anonymity.
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Figure 32. Scatter plot of SWPCC scores and age (months) with line of best fit

(n=52)
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Fitted values

Table 75. SWPCC score summary statistics, by age group

SwPCC score

<= Age 35 months

>= Age 36 months

n Mean | Median n Mean Median
s.d IQR s.d IQR
Whole 25.48 | 2189 4322 | H24
8 12.38- | 44 33.33-
sample 16.02 37.29 15.90 52 47
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Figure 33. Box and whisker plot of SWPCC scores for below age 35 months
(n=8) and age 36 months and older (7=44)

CsPCC score

Table 76 presents the summary statistics for the overall outcome variable CsPCC
score. The mean age of children for whom these data were available was 45.77
months (range=36-62 months, s.d.=6.28, IQR=40.50-49.50). The data appear
normally distributed with a high proportion of scores clustered around the mean
(mean=37.18) (Figure 34 and Figure 35). Two children achieved CsPCC scores
below 10%, indicated by dots on Error! Reference source not found.. CsPCC s

cores are shown to increase with age, as expected (Figure 36).

Table 76. CsPCC score summary statistics

Overall CsPCC score

n Mean Median
s.d IQR
27 37.18 39.29
15.48 31.25-47.37
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Figure 35. Box and whisker plot of CsPCC scores in children over age 36
months (n=27)

237



o
179 . *
e
®
o
—1D
-
=
o
=3
o
o
Q-
® ®
™ ®
o
@
0 20 40 60 80

Connected Speech PCC Score (%)

& Age (months) Fitted values

Figure 36. Scatter plot of CsPCC scores and age in months with line of best fit
(n=27)

2.2. Data analysis: PCC scores

The following sections present the analysis of the overall SWPCC score outcome
data, and then the overall CsPCC score data. Due to small group sizes, it was not
possible to analyse the data by age group.

2.2.1. Data analysis: overall SWPCC score

Univariable analysis of potential confounders associated with SWPCC score showed
that biological age had a significant association, as expected with typical speech
development (Table 77). Biological sex was retained due to the weight of published

evidence for its association with speech sound development.

Table 77. Univariable regression model results for potential confounders
associated with overall SWPCC score

Outcome variable:
Overall SWPCC score

. Coef. t
Variable Category? [95% CI] [df] pP
Assessment age (months) 1.21 4.48 <.001
Female 1.00 - -
Biological sex” -1.26 -0.25
Male [-11.20,8.69] | [50] | 801
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Univariable analysis of the relationship between overall SWPCC score and feeding
groups showed very weak associations where p>.10 (Table 78). On average,
children who were exclusively bottle fed at age 4 weeks or age 9 months achieved
SwWPCC scores around 9 points lower than exclusively breast fed children at these
ages before adjustment for confounders (Coef.=-9.14 [95% CI -19.24,0.96], t=-
1.82, d.f.=49, p=.075; Coef.=-9.68 [95% CI -21.18,1.82], t=-1.69, d.f.=48,
p=.097, respectively). The univariable analysis was rerun with bottle feeding as the
reference group to allow for comparison of mixed feeding with bottle feeding. No
associations were observed (Appendix AF). When the models (Table 78) were
adjusted for age and biological sex, no further significant observations were
observed (Table 79).
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Table 78. Univariable regression model results for feeding groups and overall
SwPCC score

Outcome variable:
Exposure variable: Overall SWPCC score
Feeding method Coef. t
[95% CI] | [df] p
Breast fed [%] - -
Age 4 - -0.06 -0.01
weeks | Mixed fed [-15.28,15.16] | [49] | >
-9.14 -1.82
Bottle fed [-19.24,0.96] [49] .075
Breast fed [%] - -
Age 12 . -10.66 -1.16
weeks | Mixed fed [-20.15,7.82] | [49] | '**?
-7.12 -1.45
Bottle fed [16.97,2.73] [49] .153
Breast fed [%] - -
Age 6 . -0.58 -1.14
months | Mixed fed [-26.52,7.37] | [a9] | 262
-8.08 -1.62
Bottle fed [-18.08,1.92] [49] 111
Breast fed [%] - -
Age 9 . -10.21 -1.27
months | Mixed fed [-26.37,5.95] | [a8] | 210
-9.68 -1.69
Bottle fed [-21.18,1.82] [48] .097

Note: nfor age 4 week, 12 weeks and 6 month models (7=52). n for age 9 month models (n=51).
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Table 79. Unadjusted and adjusted regression models for feeding and overall SWPCC score

Model O: Model 1a:
Exposure variable: Unadjusted Adjusted for biological sex
Feeding method Coef. t Coef. t
[95% CI] [df] u [95%cI] | [df] | P
Breast 1 ) ) 1 ) )
fed [-] [-]
Age 4 | Mixed -0.06 -0.01 994 -0.12 0.02 | gos
weeks | fed [-15.28,15.16] | [49] ' [-15.50,15.17] | [48] | °
Bottle -9.14 -1.82 075 -9.65 -1.88 | ee
fed [-19.24,0.96] [49] ' [-19.98,0.67] | [48] | °
Breast 1 ) ) 1 ) )
fed [-] [-]
Age9 ['Mixed -10.21 127 | 514 -9.99 122 [ g
months | faq [-26.37,5.95] [48] ' [-26.43,6.46] | [47] | °
Bottle -9.68 -1.69 -9.80 -1.69
fed 21.18,1.82] | 48] | %7 | 21471871 | 477 | 0%
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Table 77. (Continued)

Model 1b: . Model 2:
. . ' Adjusted for biological sex
Expos_ure variable: Adjusted for age and age
Feeding method Coef. ¢ Coef. ¢
[95% CI] [df] P [95% CI] [df] P
Breast 1 ) ) 1 ) )
fed [-] [-]
Age4 | Mixed -3.67 -0.55 cg8 -3.86 0.57 [ oo
weeks | fed [-17.20,9.85] | [48] ' [-17.43,9.72] | [47] | °
Bottle -2.57 -0.54 c39 -3.17 0.66 | .,
fed [-12.08,6.94] | [48] ' [-12.80,6.47] | [47] | °
Breast 1 i ) 1 . .
fed (-] [-]
Age9 | Mixed -7.31 -1.06 503 -6.63 0.95 | L.
months | feqg [-21.15,6.53] | [47] ' [-20.66,7.40] | [46] | °
Bottle -7.60 -1.55 197 -7.90 160 | o
fed [-17.452.25] | [47] ' [-17.83,2.03] | [46] | °

Note: nfor age 4 weeks models (n=52). nfor age 9 months models (7=51).
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2.2.2. Data analysis: overall CsPCC score

Univariable analysis of potential confounders associated with CsPCC score indicated
that neither the child’s age nor biological sex were significantly associated with the
outcome (Table 80). As these are the only potential confounders that were available
for inclusion in the analysis, and the weight of published evidence associating age

and sex with speech sound development, both were retained for further analysis.

Table 80. Univariable regression model results for potential confounders
associated with overall CsPCC score

Outcome variable:
Overall CsPCC score
. Coef. t
a
Variable Category [95% CI] [df] P
0.79 1.61
Assessment age (months) [-0.22,1.79] [25] 119
Female 1.00 - -
Biological sex® -4.03 -0.65
Male [-16.88,8.82] | [25] | %

Note: nfor all models (n=27)

Univariable analysis of the relationship between overall SWPCC score and feeding
groups showed some associations where p>.10 (Table 81). Within each feeding age
group, mixed and exclusively bottle fed children achieved lower scores, on average,
compared to exclusively breast fed children at these ages. In each case the CIs are
wide, but those for mixed fed children are closer to 0 than the coefficient CIs for
exclusively bottle fed children. This means that, for the latter, the wide CI indicates
low certainty of the result, but that it is not likely to include the null hypothesis that
there is not an association. The univariable analysis was rerun with bottle feeding
as the reference group to allow for comparison of mixed feeding with bottle feeding.

No associations were observed (Appendix AG).
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Table 81. Univariable regression model results for feeding groups and overall
CsPCC score

Outcome variable:
Exposure variable: Overall CsPCC score
Feeding method Coef. t
[95% CI] [df] p
Breast fed [%] - -
Age 4 . -6.69 -0.95
weeks | Mixedfed | 1,57 7.84] [24] 332
-19.04 -3.18
Bottle fed [-31.40,-6.68] [24] .004
Breast fed [%] - -
Age 12 . -14.78 -1.44
weeks | Mixedfed | | 5001 635 [24] 162
-17.68 -3.30
Bottle fed [-28.76,-6.61] [24] .003
Breast fed [%] - -
Age 6 . -17.21 -2.27
months | Mxedfed | 35 63 1.50] [24] 032
-20.71 -3.85
Bottle fed [-31.81,-9.60] [24] .001
Breast fed [%] - -
Age 9 . -17.62 -2.29
months | Mixedfed | o0 46 4 771 [24] 031
-23.30 -3.84
Bottle fed [-35.83,-10.77] [24] .001

Note: nfor all models (n=27). nfor age 9 month models (7=51).
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After full adjustment of the models for biological sex and age at assessment,
associations observed in the univariable analysis were maintained (Table 82). Across
the feeding age groups, children who were exclusively bottle fed achieved CsPCC
scores 18-20% lower than those achieved by children who were exclusively breast
fed at the same age (Table 82). The strongest of these associations were observed
among children who were exclusively bottle fed beyond age 6 months (bottle fed
age 6 months: Coef.=-19.90 [95% CI -31.67,-8.13], t=-3.51, df=22, p=.002; age
9 months: Coef.=-21.38 [95% CI -34.67,-8.09], =-3.34, df=22, p=.003).
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Table 82. Unadjusted and adjusted regression models for feeding and overall CsPCC score

Exbosure Model 0: Model 1a:
P Unadjusted Adjusted for biological sex
variable: Coef t Coef t

Feeding method | 5o/ ey [df] p [95% CI] [df] p
Breast 1 ) ) 1 ) )
fed [-] [-]

Age 4 | Mixed -6.69 -0.95 359 -5.66 -0.80 429

weeks | fed [-21.22,7.84] [24] ' [-20.20,8.88] [23] '
Bottle -19.04 -3.18 -19.97 -3.34
fed [-31.40-6.68] | [24] | "0%% | [-32.36-750] | 231 | 003
Breast 1 ) ) 1 ) )
fed [-] [-]

Age 12 "'Mixed -14.78 -1.44 162 -16.40 -1.62 119

weeks | feqd [-35.91,6.35] [24] ' [-37.38,4.57] [23] '
Bottle -17.68 -3.30 -18.80 -3.52
fed 1-28.76,-6.61] | [24] | 992 | [-2085-7.751 | 231 | 092
Breast 1 ) ) 1 ) )
fed [-] [-]

Age 6 | Mixed 17.21 2.27 032 -16.75 2.22 037

months | fed [-32.83,-1.59] [24] ' [-32.37,-1.13] [23] "
Bottle -20.71 -3.85 21.23 -3.94
fed 1-31.81,-0.60] | [24] | 9% | 32.36-10.10] | 237 | 09!
Breast 1 ) ) 1 ) )
fed [-] [-]

Age 9 | Mixed -17.62 -2.29 031 -17.02 2.13 044

months | fed [-33.46,-1.77] [24] ) [-33.51,-0.52] [23] )
Bottle -23.30 -3.84 -23.05 -3.71
fed 1-35.83,-10.77] | 241 | ‘9% | [-35.01-10.10] | 2331 | 992
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Table 80. (Continued)

Model 1b: Model 2:
Exposure variable: Adjusted for age Adjusted for biological sex and age
Feeding method Coef. t Coef. t
[95% CI] | [df] u [95% CI] [df] P
Breast 1 ) ) 1 ) )
fed [-] [-]
Age4 | Mixed -6.76 0.94 | o -5.73 -0.80 355
weeks | fed [-31.96,3.61] | [23] | [-20.60,9.13] [22] '
Bottle -17.79 -2.60 -18.81 -2.74
fed [-31.96,-3.61] | 23] | 01® | [-33.03,-4.59] | [22] 012
Breast 1 ) ) 1 ) )
fed [-] [-]
Age 12 ["Mixed -12.00 109 [ e, -13.64 -1.25 294
weeks | fod [-34.78,10.78] | [23] ' [-36.24,8.97] [22] '
Bottle -16.35 -2.86 -17.47 -3.07
fed [-28.17,-4.53] | [23] | 0%? | [-29.26,5.68] | [22] -006
Breast 1 i ) 1 ) .
fed [-] [-]
Age6 | Mixed -15.83 201 | o -15.25 -1.94 065
months | fed [-32.11,-0.44] | [23] | ° [-31.52,1.02] [22] '
Bottle -19.45 -3.42 -19.90 -3.51
fed -31.23,7.67] | [23] | "0°% | [-31.67,8.13] [22] -002
Breast 1 ) ) 1 ) )
fed [-] [-]
Age9 | Mixed -16.46 213 | 0. -15.65 -1.94 065
months | fed [-32.50,-0.41] | [23] | ° [-32.39,-1.09] [22] '
Bottle -21.77 -3.48 -21.38 -3.34
fed 1-34.70,-8.84] | [23] | 0% | [-34.678.00] | [22] -003

Note: nfor age 4 weeks models (n=52). nfor age 9 months models (7=51).
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2.3. Summary

Table 83 summarises the results from the adjusted models for the primary analysis
of interest explored in this section: feeding method (ages 4 weeks, 12 weeks, 6
months and 9 months) and PCC scores achieved between the ages of 2 and 5 years.
The presence of an arrow indicates that an association (p<0.05) was observed;
A suggests an increased likelihood of speech sound error, and W indicates
decreased likelihood of speech sound error. Compared with exclusive breast
feeding, exclusive bottle feeding in all age groups was indicated to be associated
with lower CsPCC scores (Table 82 and Table 83).

Table 83. Summary of observed associations from the fully adjusted logistic
regression models for feeding and PCC scores

Exposure Outcome variable:
R PCC score
variable: Single | Connected
Feeding method g
word speech
Breast - N
CVgeZI‘(ls Mixed - -
Bottle - N7
Breast - N
ot I ———
Bottle - NP
Breast - N
;%ifhs Mixed - -
Bottle - W
Breast - N
;%ifhs Mixed - -
Bottle - NN 7

Note: No. arrows indicates average percentage points (%pts) increase/decrease (one arrow <10
points, two arrows=11-20 points, three arrows=21-30 points).

3. Part B: NNS and speech sound errors between ages 2-5 years
This section examines questionnaire and clinical assessment data from NHS clinical
data about NNS behaviours in early childhood to explore relationships between NNS

and speech sound development between ages 2-5 years.

3.1. Sample size

Exposure variable (NNS) data were collected for each of the outcome measures

(SWPCC and CsPCC scores). Figure 37 illustrates the process of derivation of

participants for this study. The final sample size of 52 participants included 19
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females (36.54%).

249



!

Eligible
Participants
(n=52)

MHS Data (N=55) [~

Premature birth (p=1);
Permanent hearing loss

Child non-compliance (n=1}

Exclusions:

(n=1);

v

v

Figure 37. Derivation of participants for Strand Three Part B
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3.1.1. Exposure variables: NNS groups

Due to small (some n=0) group sizes for ages 24, 36 and 48 months, only the
exposure variables dummy sucking at ages 6 months and 12 months were used in
the analysis (Table 84).

Table 84. Exposure variable: NNS groups by age

Exposure variable:
Age Dummy sucking
point .
Never Sometimes Mostly
6 n=25 n=14 n=12
months (female n=7, | (female n=6, | (female n=6,
28.00%) 42.86%) 50%)
12 n=27 n=12 n=12
months (female n=7, | (female n=5, | (female n=7,
25.93%) 41.67%) 58.33%)

Note: nvalues for dummy sucking groups: 6 months (7=51); 12 months (n=51).

3.1.2. Potential confounding variables

The confounding variables used in the analysis are described in section 4.1.1.2.

3.1.3. Outcome variables: PCC scores

The outcome variables used in the analysis are described in section 4.1.1.3.

3.2. Data analysis: PCC scores
The following sections present the analysis of the overall SWPCC score outcome
data. Due to small sample sizes, it was not possible to analyse SWPCC scores by age

group. This approach was then repeated for the CsPCC score outcome data.

3.2.1. Data analysis: SWPCC score

Formal analysis of NNS and overall SWPCC score was not possible due to small group
sizes. Mean overall SWPCC scores (Table 74) did not differ significantly from mean
SWPCC scores for each of the NNS groups (dummy sucking at ages 6 and 12
months) (Table 85).
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Table 85. Summary statistics for SWPCC score, by dummy use at ages 6 and 12
months

Outcome variable:
Exposure variable: SwPCC score
NNS behaviour n Mean Median

% s.d IQR

Never 25 41.19 41.94
49.02 | 17.96 26.67,51.61

Dummy Sometimes 14 39.22 34.17
6 months 27.45 | 19.40 31.48,47.17

Mostly 12 42.17 45.46
23.53 | 12.43 33.33,50.58

Never 27 41.57 41.94
52.94 | 17.31 26.67,51.61

Dummy Sometimes 12 34.15 33.33
12 months 23.53 | 18.94 26.76,36.05

Mostly 12 46.05 47.71
23.53 | 12.73 35.76,55.60

3.2.2. Data analysis: CsPCC score

Formal analysis of NNS and overall CsPCC score was not possible due to small group
sizes. Informal analysis using the PCC score severity rating matrix (Table 69)
indicated that none of the participants obtained a CsPCC score rated mild. The
majority of children (7=23, 85.19%) obtained a CsPCC score rated severe (CsPCC
score <50%). Almost half of the children (7=11, 47.83%) with severe CsPCC score

did not suck a dummy at ages 6 or 12 months.

3.3. Summary

Detailed analysis of the association between NNS behaviour and PCC scores was
severely limited by insufficient data. Mean overall SWPCC scores (Table 74) were
found not to differ significantly from mean SwPCC scores for each of the NNS groups

(Table 85). No significant association was found between NNS and CsPCC scores.

4. Summary of Strand Three
The results of this strand of the study indicate tentative associations between early
feeding regime, NNS and speech sound development in early childhood (Error! R

eference source not found.). Data analysis was restricted by small sample sizes.
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4.1. Infant feeding and PCC scores between ages 2-5 years

After full adjustment of the regression models in Part A of this strand, no
associations were identified between early feeding regimes and SwPCC scores
achieved between ages 2 and 5 years. Compared with exclusive breast feeding,
exclusive bottle feeding in all exposure age groups was indicated to be associated
with lower CsPCC scores between ages 2 and 5 years (Table 79). No associations

were indicated when mixed feeding was compared to exclusive bottle feeding.

4.2. NNS and PCC scores between ages 2-5 years

Regression analysis of the association between NNS and PCC scores between ages
2-5 years was not possible do to insufficient sample sizes. Informal analysis of the
data did not indicate significant associations between the exposure and outcome

variables of interest.
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Chapter Seven: Discussion

1. Overview of chapter

This chapter presents a summary of the findings for each of the three strands of
this study with regard to how they address the objectives. A discussion of these
findings in the context of relevant theoretical mechanisms and existing evidence is
presented. The strengths and limitations of this study are described, and clinical
implications and directions for future research are outlined. Finally, the contribution

to knowledge is described.

2. Summary of results
This study has found that, within normative and clinical samples, different patterns
of feeding and NNS are associated with varying speech outcomes in early childhood.

Key findings are summarised in the following sections.

2.1. Feeding and speech sound development

The primary research question of this study asked whether there is a relationship
between infant feeding regimes and speech sound development in the first five
years of life. The results varied across the samples and the different speech outcome

measures used.

Strand One found that mixed or bottle feeding were strongly associated with
increased parental concern about speech development at age 18 months. Distinct
feeding patterns were also observed to be associated with different consonant
sound error frequencies. Exclusive breast feeding (at any age) was associated with
higher frequency of sound errors at age 25 months, but lower frequency of
particular sound errors at age 61 months, specifically alveolar sounds. Children who
were not exclusively breast fed at age 15 months were almost three times more
likely to make alveolar speech sound errors at age 61 months, compared with
children who were exclusively breast fed. This is curious, because of the time
difference between the feeding age point and speech assessment. Although children
who were mixed or bottle fed at age 15 months may have continued to use a bottle

to some extent beyond age 15 months, the likelihood is this would have ceased
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around the age of three years, and certainly by age four years, as solid food
becomes the primary method of nutritional intake. It is notable that early feeding
method is indicated to be so strongly associated with a high likelihood of increased
speech errors at age five years. Data for alveolar errors were not available within
the ALSPAC dataset for the age 25 month analysis, which may otherwise have
indicated a similar association with feeding and alveolar errors earlier in speech

sound development.

Findings from Strand Two indicated that there is a difference in the pattern of
speech sound acquisition for children depending on their infant feeding regime. It
is not that one is better or worse than the other. Rather, the patterns change when
sounds emerge and reach maturity. Contrasting findings, with regard to age, were
observed. SWPCC scores differed over time, with younger children showing a degree
of protection from exclusive breast feeding and older children showing similar
protection from bottle feeding. Confidence intervals for these data are wide and so
the reliability of these results may be questionable. Possible influences on these
outcomes may be the age and stage of child development within the sample, with
increasing stability of speech sound development within the age 48 month group.
These findings are different to those observed for the connected speech percentage
consonants correct (CsPCC) scores, which instead found that only mixed feeding at
age four weeks was indicated to be associated with overall CsPCC scores. It is
important to note that the reliability of these findings are limited by a small sample

size and so no firm conclusions can be drawn.

Strand Three offered more consistent findings within the clinical sample. Among
children known to have SSD, exclusive bottle feeding was indicated to be strongly
associated with poorer overall CsPCC scores. This association was strengthened with
increased duration of exclusive bottle feeding. Although a small sample size meant
that examination of this association by age group would have yielded unreliable
results, age was included as a covariate in the analysis and so the influence of age-

related development was accounted for as far as possible.

The findings for a relationship between feeding and speech sound development

were mixed. The strongest associations suggest that longer duration of
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breastfeeding is associated with reduced parental concern about speech
development at age 18 months and markedly reduced alveolar errors at age five

years.

2.2. NNS and speech sound development

A secondary research question asked whether there was a relationship between
NNS and speech sound development in the first five years of life. Strand One found
an association between NNS patterns in early childhood and speech sound
development at age two years. Both dummy and digit sucking were strongly
associated with reduced velar sound errors at age two years. No strong associations
were observed between NNS and speech sound development at age five years. Due
to small sample sizes for Strands Two and Three, it was not possible to explore the

association between NNS and PCC scores.

The findings for a relationship between NNS and speech sound development
indicate that, although NNS may be an influential factor in speech sound
development at age 25 months, this influence may not be observed at age five

years.

2.3. Feeding, NNS and SSD

This analysis asked whether, within a population of children diagnosed with SSD,
different patterns of speech disorder are observed in children with different histories
of infant feeding regime and NNS. This question differs from those examined in
sections 2.1 and 2.2. in that the focus is on a sample of children known to have SSD
(clinical sample) rather than a normative sample (ALSPAC and ALSPAC-G2). In
addition, rather than looking for a relationship between sucking and any speech
sound outcome, this question sought to specifically examine different patterns of
SSD associated with different sucking histories. Due to the impact of the Covid19
pandemic on recruitment for the NHS strand of this study, it was not possible to
answer this question due to the lack of data to power the statistical analysis of

feeding and speech sound error patterns (see section 7.1).
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3. Associations between feeding, NNS and early speech sound
development in the context of existing literature

In this section the findings are considered in the context of existing theoretical

mechanisms and the current evidence base for the association between feeding,

NNS and speech sound development in early childhood. The influence of other

known risk factors for SSD with regard to the findings of this study on the association

between feeding, NNS and speech sound development are examined.

3.1. Associations between feeding, NNS and early speech sound
development in the context of theoretical mechanisms

The hypothesis of this study was that different patterns of feeding and NNS in
infancy and early childhood influence the prelinguistic stage of speech development,
such that different patterns of speech development may be observed between ages
two-five years. In the following sections, the findings reported in this thesis will be
considered in relation to the theories regarding sucking mechanisms, early
somatosensory and motor development, and early speech sound development in
childhood.

3.1.1. Sucking mechanisms for breast, bottle feeding and NNS

In view of the wealth of evidence that advocates for the numerous benefits of
breastfeeding to support optimal, healthy child development, it may reasonably
have been assumed that the findings of this study would likewise indicate better
speech sound outcomes for exclusively breastfed children. In contrast, data from
two-year-olds presented in this study demonstrated the opposite. This may be
because much of the evidence that advocates for the benefits of breast feeding
focusses on breast milk as the important factor, rather than the feeding mechanism
itself. The findings of this thesis suggest that, while we know that breast milk is
important for healthy development, the mechanism of breast feeding may have a
different effect on early speech sound development, with greater sound errors

observed at age two.

We know that, in contrast to the largely stable and consistent materials required for
bottle feeding, breast feeding involves a greater number of changeable variables

and organic challenges, which can cause the feeding process to vary day-to-day
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and feed-to-feed (Elad et a/, 2014; Alex, Bhandary and McGuire, 2020). These
changes could be considered to afford breast fed babies a more dynamic and varied
feeding experience, compared to bottle fed babies, which could account for the

differences in speech sound error rates observed at age two years in this study.

This theoretical basis may also explain why feeding methods (mixed and bottle
feeding) and NNS, which involve less variability in sucking mechanism (Eishima,
1991; Mizuno and Ueda, 2006; Elad et a/, 2014; Harding, 2014) were observed in
the analysis of this thesis to be associated with reduced speech sound errors in early

development.

3.1.2. Early somatosensory and motor experience

Extending what we know about the evidence for differences in the sucking
mechanisms for breast and bottle feeding (Eishima, 1991; Mizuno and Ueda, 2006;
Elad et a/, 2014; Harding, 2014), it is reasonable to consider that these different
sucking processes involve diverse somatosensory and motor experiences. These
different experiences could be conceived to lay down different foundations of
learning at the level of representation, which would underpin subsequent speech
sound development (Stackhouse and Wells, 1997; Dodd and McIntosh, 2010;
Haggard and de Boer, 2014; The Phonology Project, 2022). This would likely lead
to bottle and breast fed children presenting with different patterns of speech sound
development, in line with the findings of this thesis. For example, more stable
sucking mechanisms associated with NNS and bottle feeding may contribute to a
less varied foundation of oro-motor experience from which the child develops their

early speech motor programmes.

The results from the analysis in this study suggest that bottle feeding may have
some protective effect against specific consonant sound errors at age 25 months
(i.e., velar, liquid and PVC). In the case of velar errors, this association may be
linked to the suppression of the tongue tip/blade during bottle feeding sucking, and
therefore greater oro-motor and somatosensory awareness development for
movement involving the back of the tongue, which is required for velar sound
production (Shotts, McDaniel and Neeley, 2008; Burr et a/, 2020; Haggard and de

Boer, 2014). This rationale may go some way to explaining the finding that children
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who were exclusively bottle fed or mixed fed at age 15 months were more than
three times more likely to make alveolar errors at age 61 months. It may be the
case that persistent and prolonged suppression of the tongue tip/blade during bottle
feeding was detrimental to typical alveolar sound development (Dodd et a/, 2004;
Shotts, McDaniel and Neeley, 2008; Burr et a/2020; Strutt, Khattab and Willoughby,
2021).

This theory can also be applied to NNS and for children who may periodically use a
bottle like a dummy (Fox, Dodd and Howard, 2002). The more time children spend
with a dummy or digit in their mouth, the more time the anterior part of the tongue
spends being suppressed and largely immobile. Children at age 25 months typically
talk and use sounds much of their waking time, and, within this NNS group, are
likely to be doing so while the anterior portion of the tongue is supressed by a
dummy/digit (Strutt, Khattab and Willoughby, 2021). This leads to a reduction in
opportunities for sound production practice with the anterior part of the tongue
(Shotts, McDaniel and Neeley, 2008; Burr et a/ 2020; Strutt, Khattab and
Willoughby, 2021) and the obstructive presence of the dummy in the mouth could
mean the resulting articulation difficulty may become an ingrained pattern in the
child’s phonology (Steeve et a/, 2008; Strutt, Khattab and Willoughby, 2021).

3.1.3. Variability in early child speech sound development

Findings reported in this thesis are consistent with what we know about early child
speech sound development. Greater variability of speech sound production is
observed at age two years compared with later development at age five years, when
the system has begun to stabilise (Stoel-Gammon and Dunn, 1985; Grunwell, 1987;
Vihman, 1996; Dodd et a/, 2003, Broomfield and Dodd, 2004; Roulstone et a/, 2009).
It is unfortunate that alveolar sound error data were not available for age 25 month
analysis of the ALSPAC data, as this may have offered an opportunity to examine
this theory more precisely within the present study. In particular, investigation of
the assertion by Smith and Gerber (1993) that, if feeding were influential in speech
sound development at age five years, this influence would also be observed at age

two years.

The findings from Strands One and Two indicate that different types of consonant
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sounds may be affected in different ways by alternative patterns of feeding. This
notion also relates to age, because the typical ages when different sounds are
mastered vary by consonant type (e.g., Grunwell, 1981; Stoel-Gammon and Dunn,
1985; Grunwell, 1987; Smit etal 1990; Vihman, 1996; Dodd et a/2003; Broomfield
and Dodd, 2004; McLeod and Crowe, 2018). Early developmental variation and
‘noise’ at age 25 months may explain differences in sound error types between the
different groups (Vihman, 1996; Roulstone et a/, 2009). Speech sound development
norms presented by McIntosh and Dodd (2011, p.60) suggest that at about age 25
months 90% of children will have alveolar, velar and liquid consonant sounds, and
some fricatives (/s/, /z/, /h/ and perhaps / [/, /f/). Dodd et a/ (2002, p.65) state that
90% of children aged 61 months would be expected to have all sounds that were
assessed in this study, except fricative ‘th’ (voiced /d/ and voiceless /8/ variants)
and liquid sound 'r’ /4/. This means that, while greater variation is observed in the
age 25 month data compared to the age 61 month data, the consistent pattern is
for higher error scores (at age 25 months) among exclusively breast fed children,
compared to those who were mixed or bottle fed. Therefore, it is less likely that the
patterns observed in the associations between feeding method and speech sound
development in this study can be explained by variation in speech development at

age 25 months and increased sound system stabilisation by age five years.

3.2. Consideration of findings in relation to existing evidence

Direct comparison of the findings of this study with others in this area of research
is challenged by the limited number of studies in this field and methodological
variability (Burr et a/, 2020). Crucially, this research differs from previous studies
identified in the systematic review, because none included clinical assessment of

children at age two years (Burr et a/, 2020).

3.2.1. Parent concern about speech development at age 18 months

The present study found an association between parent concern about child speech
development at age 18 months to be associated with mixed or bottle feeding at age
15 months. These findings align with those of Dee et a/ (2007), who found that
parents of children who were breast fed for at least three months were less likely
to be concerned about their child’s speech development (Dee et a/, 2007). The

authors also found that the degree of parental speech concern decreased for
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children who were breast fed for at least nine months. Conversely, some evidence
suggests that parents who do not exclusively breast feed their children may be more
likely to experience guilt linked to their feeding choice and be more likely to be
anxious about their child’s speech development (Knaak, 2010; Ludlow et a/, 2012;
Radzyminski and Callister, 2016). Radzyminski and Callister (2016, p.19) suggested
that, “because breast feeding is considered the superior source of feeding and
nutrition, [...] mothers who choose [bottle feeding] may have increased guilt or
stress associated with that decision.” 1t follows that these mothers may be more
likely to be concerned about their child’s speech development, compared with

mothers who breast fed, as indicated by the findings of this study.

Within normative samples, the findings of this study suggest some potential
indicators of SSD with regard to feeding and NNS. Longer durations of mixed feeding
and exclusive bottle feeding were associated with increased parental concern about
speech development at age 18 months. Clinically, parental concern is acknowledged
as a key factor in identification of childhood SSD (Roulstone, 1995; Roulstone, 1997;
Zhang and Tomblin, 2000; Bishop and Hayiou-Thomas, 2008). Previous research
supports these findings and suggests that, in the context of other risk factors,
feeding method may be a potential indicator of possible SSD risk in association with

reported parental concern about speech development.

3.2.2. Early identification of SSD

Although Pereira et a/ (2017) included parents of children aged one to three years
in their study, the authors chose not to ask these parents about their child’s speech
development. A growing evidence base advocates for the potential for early
identification of SSD in children as young as age two years (Roulstone et a/, 2002;
McIntosh and Dodd, 2008; McIntosh and Dodd, 2011; Dodd, 2014a; 2014b;
Claessen et al, 2017). Early intervention for children with SSD at age five years is
crucial to reduce the impact on outcomes in childhood and later life (Hesketh, 2004;
Nathan et a/, 2004; Bryan, Freer and Furlong, 2007; Elliott, 2011; Roulstone et aj,
2011; McAllister, Collier and Shepstone, 2013; Wren, 2021). The complex mix of
factors including high developmental variability and pressures on clinical services

present challenges for early assessment and intervention.
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3.2.3. PCCscores

The findings of this study, with regard to PCC scores, find mixed support in the
published literature. This study found that, in a normative sample, exclusive bottle
feeding was associated with lower PCC scores at age three years, but higher PCC
scores at age four years. These findings are in contrast to those of Smith and Gerber
(1993), who found no association between feeding and PCC scores in a broadly
similar population sample of children aged three-four years who had never been
referred to SLT.

Within a sample of children known to have SSD, Baker et a/(2018) found that longer
duration of breastfeeding was associated with higher SWPCC scores among children
aged four-five years. Their findings are parallel to those from this study, which
showed that, in a clinical sample of children aged two-five years, higher CsPCC
scores were associated with exclusive breastfeeding, and the strength of the
association increased with feeding duration. No association was indicated with

SwPCC scores for this group.

Expectations for typical development would anticipate increased PCC scores with
age and exposure to early education settings (Roulstone, 1995; Roulstone, 1997;
Roulstone et a/, 2011). This does not necessarily explain the specific association
with feeding (i.e., exclusive bottle feeding). This finding is not supported by other
studies, which found either a detrimental effect of bottle feeding on speech
development, or no effect (Burr et a/, 2020). It may be that public health messaging
about feeding may have led parents of exclusively bottle fed children to be more
concerned about their child’s development, and therefore to support proactively
speech and language development (e.g., through increased modelling or seeking
professional support) (Knaak, 2010; Ludlow et a/, 2012; Radzyminski and Callister,
2016).

3.2.4. NNS and SSD

An association between NNS duration and reduced velar sound errors at age 25
months was indicated in the findings of this study. Clinical SLTs might anticipate
that children who persistently suck a dummy or their thumb would be more likely

to make velar sounds in their speech, than alveolar sounds, and may also be more
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likely to present with an atypical ‘backing’ pattern of speech (Broomfield and Dodd,
2004; Dodd et a/2017; Strutt, Khattab and Willoughby, 2021). A child who presents
with ‘backing’ changes sounds made at the front of the mouth (e.g., alveolar
consonants ‘t" and ‘d") to sounds made further back in the mouth (e.g., velar
consonants 'k’ and 'g"), so that, for example, dog becomes gog (McLeod and Baker,
2017). Persistent dummy use is considered to result in anterior tongue blade
suppression and subsequent increase of compensatory strategies to use velar
sounds in place of the suppressed alveolar sounds (Shotts, McDaniel and Neeley,
2008; Burr et a/ 2020; Strutt, Khattab and Willoughby, 2021). If this is the case, a
child would be expected to have greater opportunity to practice and produce velar
sounds, and likely use them more accurately, as observed in this study, and in place
of the suppressed alveolar sounds (i.e. backing). As data on alveolar sound errors
were not available at age two for analysis, it was not possible to further examine

the latter part of this theory.

Fox, Dodd and Howard (2002) found dummy use to be a risk factor for SSD only
when it was included with bottle feeding and thumb sucking. Given the current
evidence, a potential cumulative impact of persistent sucking behaviours which
involve reduced movement of the anterior portion of the tongue (Eishima, 1991;
Shotts, McDaniel and Neeley, 2008; Burr et a/2020; Strutt, Khattab and Willoughby,
2021) exerting a negative influence on speech sound development is certainly
plausible. Unfortunately, combined analysis of feeding and NNS was not possible in

this study due to time limitations.

Insufficient sample sizes meant that results from the examination of the association
between NNS and PCC scores within the present study were unreliable. Published
evidence on the association between dummy use and PCC scores is limited. Strutt,
Khattab and Willoughby (2021) found no significant association when examining
these variables (SWPCC) using the same speech assessment administered in this
study (DEAP). The authors found that errors were lower among older children, as
expected developmentally (Strutt, Khattab and Willoughby, 2021)

4. Strengths of this study

The present study is one of very few studies within this field of research to explore
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the association between infant feeding, NNS and specific consonant sound errors at
ages two to five years. This study is also novel in considering this association from
a specific motoric perspective of sucking on speech development, rather than from
a nutritional or more generalised perspective of feeding. As such, this study goes
some way to addressing gaps in the available evidence, as cited by other studies
(e.qg., Barbosa et a/, 2009; Pereira et al, 2017; Baker et a/, 2018; Strutt, Khattab
and Willoughby, 2021). The following section outlines further strengths of this study
with regard to methodology.

4.1. Patient and public involvement and engagement (PPIE)

PPIE activities undertaken in preparation for this study were successful in creating
an online community of parents of young children willing to engage with the study
for its duration (e.g. via online polls or web chats) in order to inform different phases
of the study, such as dissemination. One of the challenges during this process has
been to maintain contact and momentum of interest with, and from, that online
community. The approach from the outset was to try to create a two-way
information exchange, such that members of the group would feel they were
receiving something in return for their interest in and engagement with the study.
Links were shared to interesting articles and evidence relating to child development
were shared via the online platform, which often received ‘likes” and positive

comments from members of the group.

4.2. Methodology

This study has examined data from two large birth cohort studies (ALSPAC and
ALSPAC-G2), as well as exploring data from a clinical sample of children aged two-
five years with a diagnosis of SSD. This has supported comparison of findings
between the different sample groups within the study. The breadth and depth of
the ALSPAC dataset used in this study enabled the inclusion of key measures for
confounding factors in the children’s early life experiences, as well as the primary

measures of interest.

4.3. Inclusion and exclusion criteria

While the study applied inclusion and exclusion criteria to the ALSPAC dataset, it
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was not possible to exclude children with genetic syndromes, which may otherwise
have impacted their speech sound development. This is because measures for these
data were not available within the dataset. As this is a population study, the
proportion of the sample with genetic syndromes would be small and unlikely to
alter the results. Nevertheless, it is important that all children are included in studies
of this nature to ensure the research is inclusive and does not omit specific groups.
The samples used for this study therefore could be considered more representative
of the population of interest that others where exclusion criteria prevent children

participating.

4.4. Assessment and outcome measures

The broad range of assessment applied in this study has enabled the collection of
different types of speech outcome data. These have included parent reported
outcomes, PCC scores, single word and single sound measures. Connected speech
samples, as well as single word samples were gathered, which is something
highlighted by other studies as important to understanding the nature of the
relationship between NNS and speech development (Garber and Reynolds, 1994;
Strutt, Khattab and Willoughby, 2021) and child speech development more widely
(Howard, Wells and Local, 2008; Wren et al 2012; McLeod, Harrison and
McCormack, 2012). The breadth of speech sound measures collected in this study
have enabled diverse examination of the relationship between feeding, NNS and

speech sound development, which is unique in this field of research.

This study included speech assessment data from children as young as age two
years, which is an age group not included in the studies described in the systematic
review. There is growing evidence that key development measures in early
childhood are instrumental in the early identification of SSD, and subsequent
reduction of its impact for the child’s social, developmental and educational
outcomes (Johnson, Beitchman and Brownlie, 2010; Dodd, 2014a; 2014b; Eadie et
al, 2014; Wren et al, 2016). Therefore, the inclusion of younger children in this

study is important and beneficial.

A further strength of the measurement approach of this study is the chosen

assessment. This study used a standardised speech assessment (DEAP) that is
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widely accessible to clinical SLTs and researchers. This means that that this work
can be easily replicated, within either a research or clinical context. This is important
because it ensures the research remains clinically grounded and linked to the reality
of clinical practice. By using the Articulation and Oro-motor Assessment subtest of
the DEAP, the study was able to use a recognised clinical assessment procedure
based on motor speech principles that aligns with the theoretical underpinning of

this work to examine children’s speech and gather data for the study.

4.5. Recruitment training for fieldworkers and clinicians

For Strand Two of this study a high level of training was provided to the ALSPAC-
G2 fieldworker team to ensure accurate administration of the DEAP and TPT
assessments for data collection. This included face-to-face training on cueing young
children in to picture naming tasks, levels of response prompting (e.g. initial sound,
initial syllable, whole word modelling for imitation) (Dodd, 2002). Additional written
and video training materials were provided to the team to support on-demand
follow-up training for syllable and single sound modelling for the relevant
subsections of the Articulation and Oro-motor Assessment subtest. Open channels
of communication were maintained with the fieldworker team throughout the study.
This ensured that any issues could be resolved quickly to maintain the flow of high
quality data collection. It also meant that the team could be confident that continued

support was easily accessible and available to them at all times.

A similar proactive approach to supporting recruitment was adopted with the clinical
SLT team. A range of measures were employed to maximise and simplify participant
identification and recruitment by the clinical team for Strand Three of this study. A
dynamic support package was implemented to enable the clinical team to embed
the process of identifying and approaching potential research participants in their
daily clinical practice (chapter three, section 5.2.3.). This included a workshop event
at the start of the study to present the proposed protocol for participant
identification and recruitment, and to invite comments and feedback from the team
of 70 SLTs with the aim of optimising the recruitment approach. From this event
changes and improvements to the protocol were made, which would not have been
possible without the local and logistical knowledge and experience of the SLTs at

each of the clinics across the trust. Further face-to-face presentations at whole-
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team and locality team meetings throughout the study provided updates and top-
up training to the clinical team. This ensured that a two-way channel of
communication was open with the clinical team throughout the study. The added
benefit of this was to enhance the profile of clinically-based research within the SLT
team and this has inspired interest among clinical colleagues to seek further
research training and development opportunities within their clinical roles. The
process and learning from this approach to enhanced engagement of the clinical
team in the planning, design and implementation of this PhD study was published
as an invited article in the Royal College of Speech and Language Therapists

professional magazine (Burr, 2019).

5. Limitations of this study
The key limitations within this study are summarised as common themes across the

three study strands in the following sections.

5.1. Patient and public involvement and engagement (PPIE)

Maintaining regular contact with the online parent group was challenging because
of the competing pressures and activities during the PhD, and the impact of the
pandemic. Although there was initial interest and interactions with posts on the
online group, the number of responses from parents to posts diminished quite
quickly after the set-up of the online group. One of the key issues with the PPIE
approach in this study was that the PPIE activity was not sufficiently embedded
within the methodology for the study. On reflection, more meaningful and proactive
ways for parents and members of the public to be involved with the study could
have been identified. For example, inviting parents and children to share their
experiences of clinical assessment to inform the approach. With regard to
dissemination, next steps will include reaching out to the online parent group, and
other parents, members of the public and health, social care and education
professionals to inform the strategy for publicising the findings of this study. This

will ensure that they have maximum impact for children and families.

5.2. Inclusion and exclusion criteria

Limited data were available for Strands One and Two for the required exclusion
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criteria (e.g. developmental verbal dyspraxia, learning disability, genetic conditions)
and so it is not known whether children with these additional significant confounding

factors were included in the sample.

5.3. Participant identification and recruitment

A number of procedural issues were identified with the ALSPAC-G2 data collection
in Strand Two of this study. Following consultation with PhD supervisors, it was
determined that data on isolated and sequenced movements from the DEAP
assessment could not be used for analysis. The reliability of the data was in question
because video recordings of the assessments had not been made, which could have
otherwise supported secondary data checking by the researcher, and the

fieldworkers were not qualified SLTs.

To obtain a stand-alone PCC score for connected speech within a phonemically
balanced speech sample, the data from the connected speech section of the DEAP
assessment was scored as per the assessment manual. The Phonology Assessment
subtest of the DEAP, from which comparative PCC scores for single word targets
would have been generated, was not completed. The Articulation and Oro-motor
Assessment subtest was selected as a more appropriate stimulus to obtain speech

sound measures with an articulatory, rather than phonological focus.

5.4. Assessment procedures

The age 25 month speech data in the ALSPAC sample used in Strand One were
collected by testers who were not trained in phonetic transcription and audio/video
recording was not available for these assessments. This limits the reliability of the

data accuracy because detail may have been missed or inaccurately recorded.

During analysis of the Strand Two ALSPAC-G2 data, a number of persistent
modelling issues were identified. These rendered some of the data unusable
because of the potential influence incorrect modelling may have had on the child’s
response. Common modelling errors included /w/ modelled with bilabial fricative
[¢], and single consonants (C) modelled incorrectly as consonant-vowel (CV)

syllables with an additional ‘schwa’ sound (e.g. /k/ modelled as [ka] or ‘kuh’).

268



Administrative errors led to some data not being used for the study. There was
some loss of data due to speech assessments being carried out on children of the
wrong age within the ALSPAC-G2 study. In addition, the variable ‘weak sucking at
age four weeks’ was omitted from the parent questionnaire for the ALSPAC-G2 data
collection. To ensure high-quality assessment administration and to minimise data
loss, the learning from this study highlights the need for experienced, trained
individuals for speech sound data collections. Although qualified and experienced
staff in this case would be the gold standard, this can be impractical to achieve
because of the increased research costs and shortage of available staff. Researchers
need to carefully consider the financial and ethical implications of collecting

potentially unreliable data when planning a study.

For Strand Three, the research protocol specified that the assessment had to be
administered in clinical conditions to optimise the consistency of assessment audio
recordings for transcription. Participant accessibility to the study was maximised
where possible by offering families appointments at local clinics to minimise both
burden of travel and time for participants. A small number of potential participants
were not able to take part in the study because of difficulties accessing their local
clinic. This is a common challenge for routine clinical practice and is not unique to
research recruitment. Greater uptake of recruitment may have been achieved by

offering potential participants assessments in their own homes.

5.5. Sample Size

CsPCC score data samples were small, which limited the ability to carry out
regression analysis. Standardised scores and percentile ranks used for SWPCC score
data, taken from the DEAP manual (Dodd et a/, 2006), were not appropriate to apply
to CsPCC scores because they were not standardised for this outcome measure. To
provide a guideline for describing the CsPCC data, a published rating matrix was
applied (Shriberg and Kwiatkowski, 1982). This matrix was originally intended for
use with a minimum of five-10 minute conversational speech samples containing at
least 200 utterances with children aged four years and one month to age eight years
and six months (Shriberg and Kwiatkowski, 1982). In the absence of more

appropriate frameworks, the matrix was applied as a guideline only.
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5.6. Missing data

Missing data presented a challenge in this study, which affected the different strands
of the study in different ways. Throughout the study advice was sought from a
statistician on missing data within each of the three datasets. Within the STATA
programme, missing data values are marked as a (.), and so are easy to identify
and account for within the analysis. No undertaking was made in the analysis to
explore the missing data to look for possible systematic bias, which could have
affected the analysis. Missing data due to human error, as described in section 5.4.
of this chapter, did have a significant impact on the resulting sample sizes for the

study.

5.7. Plan for analysis

Within the ALSPAC study data used in Strand One, the outcome variable parental
concern about speech development at age 18 months was a generic term used
within the parent questionnaire. The term did not specify concern about speech
sounds, and therefore it can be assumed that parents who indicated ‘yes’ for this
question, may have been concerned about a wide range of speech and language
needs. This means that the sample may have included children with other types of
speech problem, such as language delay or stammering, which could have impacted

on their speech sound development.

Across all three strands of this study, the data collected were insufficient to support
in-depth analysis of the impact of NNS intensity and duration on speech sound
development: measures lacking in the current available evidence (Strutt, Khattab
and Willoughby, 2021).

Data on hearing loss before the age of 18 months were not available for Strand One
Part A because newborn hearing screens were not in practice at the time of the
ALSPAC study in the 1990s. Due to the complexity of the consenting process,
comprehensive data on potential confounding variables were not collected in the
NHS clinical sample. Only data on biological sex could be easily obtained from clinical
records. Collection of additional data, such as social economic status, maternal
history and child language development would have risked significantly greater

burden and impact on the parent and child, with regard to time and potential anxiety
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and assessment fatigue (e.g., Field and Behrman, 2004). This is reflective of the

challenges of undertaking research in clinical practice.

Within Strands Two and Three of this study, data on diadochokinetic (DDK) rates
were collected during the DEAP assessment, and information on the child’s
production was captured by audio recording for subsequent scoring by a qualified
SLT. Analysis of the clinical speech assessments identified typical and atypical sound

errors but, due to time constraints, these data have not been analysed.

The risk of bias when collecting parent reported measures is well documented.
Within this study, effects of bias may have been present with regard to parent guilt
and social desirability bias around feeding choices and dummy use (Whitmarsh,
2008; Ludlow et a/, 2012; Strutt, Khattab and Willoughby, 2021). Recall bias may
have been a factor due to the requirement for parents to report feeding methods
and NNS behaviours that had taken place up to five years ago (Smith and Gerber
1993).

6. Impact of Covid-19

Towards the end of the recruitment period for Strand Three the Covid-19 pandemic
resulted in recruitment being temporarily paused while all non-essential face-to-face
patient contact was ceased in line with local and national NHS and government
guidance. As virtual consultations became more established, an application for
substantial amendment was submitted and approved by the HRA for recruitment to
be conducted using virtual platforms (Appendix AH). Despite the amendment, no
further recruitment was achieved. This may have been due to an increased focus
on clinical needs and priorities by clinicians and families. The evidence for the
negative impact of the pandemic on non-essential patient contacts and health
research activities is well documented (Yanow and Good, 2020; Bratan et a/, 2021;
Sohrabi et al, 2021).

In hindsight, offering families the option to participate in the study virtually would
have significantly increased accessibility and flexibility of appointments, which may
have resulted in substantially greater recruitment. When this study began in 2017,

virtual appointments were much less common and the technological support within
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the NHS for remote contacts within healthcare was under-developed. In the wake
of the pandemic, substantial technological advances, rapid culture change and
published evidence now underpin virtual healthcare approaches, which can also
support research participation (Mold et a/ 2021; RCPCH, 2021). In the case of this
study, careful consideration would still need to have been given to the potential
technological limitations on sound and audio quality, which may have impacted
high-quality data collection for research (Car et a/, 2020). The limitations that virtual
contacts may impose on research accessibility for some participants is a key

consideration of these innovative approaches (Volkmer and Broomfield, 2022).
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Chapter Eight: Conclusion

1. Overview of chapter

This chapter outlines the contribution to knowledge made by this study. Clinical
implications of the findings are presented, as well as implications for wider
healthcare and public health. Further areas for research in this field are described

and final remarks on this study are provided.

2. Contribution to knowledge

The main contribution of this work is the lack of evidence of any major impact of
bottle feeding and NNS on child speech sound development. However, different
patterns of sucking behaviours early in life have been indicated to be associated

with different patterns of speech sound development at ages 2 and 5 years.

This study has found some evidence that any effect of early feeding method on
speech sound development may be more enduring than that of early NNS
behaviours. It has examined, and provided evidence for, how different sucking
patterns in infancy may influence the development of different consonant sounds in
children as young as age two years, although these influences do not appear to
persist later in childhood. Evidence of an association between mixed or bottle
feeding and a reduction in some consonant sound errors at age two years has been
indicated. The evidence from this study suggests an association between longer
duration of exclusive breastfeeding and significantly lower frequency of alveolar
consonant errors at age five years, compared to mixed and bottle feeding. Despite
having some impact at age two years, NNS behaviours, regardless of duration, have

been shown not to impact speech sound development at age five years.

3. Clinical implications

The findings of this study support the inclusion of feeding and NNS questions within
the clinical case history, together with other relevant risk factors (Wren et a/, 2016)
to support the clinician to develop a broad picture of the child’s SSD risk profile.
Clinicians need to consider the mounting evidence for the influence that early

somatosensory and motor experiences may have on a child’s early speech sound
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development and be familiar with the theoretical frameworks for these with regard
to potential SSD (Stackhouse and Wells, 1997; Shriberg et a/, 2010).

The findings of this study, together with those from other studies support the
message that, while there is suggestion of an association between different feeding
methods or NNS behaviours on child speech sound development, further
interpretation cannot be made with regard to causality based on the findings and
methodology of this study. The findings do indicate that persistent use of bottle
feeding and dummy sucking over a longer period of time may have a detrimental
impact on speech sound development. For many parents, these findings will
constitute reassuring messages, and provide important information that will enable
them to make informed choices about their child’s care. For some children the
findings of this study may mean that feeding and NNS might form part of a wider
profile of risk for SSD persisting in to later childhood and requiring specialist SLT
intervention (Wren et a/, 2019). This is why gathering detailed information about
early feeding regimes and NNS behaviours as part of a comprehensive case history
is necessary to inform SLT clinical assessment, diagnosis and intervention planning.
These are key messages that can be disseminated to a broad range of professionals
in health, social care and education to ensure that parents have the information
they need to make an informed choice about NNS behaviours and how they feed
their baby.

4. Implications for wider healthcare

The findings of this study constitute new evidence within this field of research, which
could add support to local and national public health strategies and campaigns to
promote breastfeeding. The findings of this study have potential implications for
public health messaging around infant feeding and dummy use. Based on the results
of this study, the key message for parents is that the way babies are fed and
whether they suck their thumb or a dummy does not have a major impact on how
they develop their sounds for speech in the first five years of life. There are some
indications from this study that longer duration of exclusive bottle feeding may be
linked to atypical patterns of speech sound development (alveolar sound errors).
These findings require further examination before they can reliably inform public

health messaging and clinical practice (see section 5).
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The wider message from this research is that the picture is not clear, and while
there are indications of associations between feeding, NNS and early speech sound
development, no major impact has been identified. Crucially, this research can
reinforce universal and targeted care packages delivered by health visitors and
midwives by increasing awareness of early feeding methods as part of a wider
profile of early risk factors for SSD. This will provide families with information about
the impacts of feeding and NNS to empower them to make informed decisions about
how they care for their children. For clinical SLTs, the findings from this study,
together with the available evidence, reinforce the importance of gathering detailed
information on early feeding and NNS as part of a child’s case history to inform
assessment, diagnosis and intervention. Identifying and isolating the influential
factors in the association between feeding, NNS and speech sound development is
highly challenging, because of the complexity of the unique, wider developmental
process that each child experiences. For this reason, it is important for researchers
and clinicians to consider the wider picture of speech sound development for any
given child. Professionals can use evidence from a profile of potential risk factors,
such as early feeding and NNS, and the child’s own intrinsic dynamics, to inform

their understanding of the comprehensive developmental experience for that child.

5. Implications for research and future directions

The present study has built on the limited, but developing, body of evidence about
the association between early feeding and NNS behaviours and speech sound
development in children. The findings of this study have indicated that different
patterns of feeding and NNS may be associated with different patterns of speech
sound development between ages two-five years. Exploring the patterns of speech
development for different feeding regimes and NNS groups in terms of
typical/atypical errors is important to determine clinical significance of associations
indicated by the findings of this research, and related studies (e.g., Baker et aj,
2019; Strutt, Khattab and Willoughby, 2021). Future research should also consider:

e Whether there a combined effect of feeding regime and NNS behaviour on
speech sound development

e How the results of this study compare with those that involve larger samples
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of children from typical populations and clinical samples of children known to
have SSD to explore the association between feeding, NNS and speech sound
development

e Whether clinical assessment of a wider range of speech sounds at age two
years could help to identify early predictors of persistent SSD later in
childhood

e Whether, within a clinical population, different patterns of feeding and NNS
are associated with different types of SSD. If so, whether different SLT
assessments and interventions are warranted for children with different types
of SSD, based on their feeding and/or NNS history

Exploration of the latter question could include a longitudinal study design of a
clinical cohort of children identified as presenting with a profile of higher SSD risk
at age two years, based on known risk factors within the published literature (e.g.
Wren et a/, 2019). These children would undergo comprehensive speech sound
assessment at age two years, which would be repeated at age five years. Any loss
to follow-up as a result of discharge from the SLT service due to resolved SSD would
be documented. A third follow-up at age eight years for children who continue to
require SLT services would provide information on the association between early
feeding, NNS and persistent SSD at age eight years (Wren et a/, 2019). This
knowledge is currently missing from the current published literature and would be
very valuable in helping to understand developmental speech patterns as a function
of feeding and NNS. If indications for more targeted assessment and intervention
were found, this could have positive benefits for health economics within NHS SLT

services and the wider social economy.

More work is needed in this area to explore these questions for further research
with larger samples, including clinical samples of children diagnosed with SSD.
Although expensive, longitudinal studies, particularly birth cohort studies, such as
the ALSPAC study, offer a valuable opportunity for this area of research.
Longitudinal studies with clinical populations are also important for advancing our
understanding of the relationship between feeding, NNS and SSD in childhood.

Researchers also need to invest more time and resources to maximise and optimise
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engagement in clinical research from clinical teams. Clinicians are ideally placed to
support and facilitate research in this area because they have the local and service-
level knowledge to support key aspects of research delivery, including participant
identification and recruitment (Burr, 2019). The relationships SLTs have with
children and their families can foster interest and enthusiasm in PPIE and research
participation, which enriches and strengthens the quality of the research, and its

impact on healthcare for patients.

Future research should also consider the substantial developments in telehealth as
a result of the Covid-19 pandemic when determining appropriate methodological
approaches. Researchers must fully consider the right of the individual to participate
in clinical research, the need to ensure diversity of research participants and the
responsibility of the researcher to ensure maximum accessibility to research
participation without compromising data quality or reliability (Volkmer and
Broomfield, 2022). These considerations must be examined and balanced with

methodological requirements for perceived optimal conditions for data collection.

6. Final remarks

The parents who supported the development of the aims of this study wanted to
know whether SSD can be linked, to some extent, to a particular type of feeding or
NNS. This study has found that, depending on how children were fed as babies and
their NNS behaviours, there are differences in patterns of speech sound
development. Further research should investigate whether children who experience
persistent dummy or bottle sucking over a prolonged period of time may be more
likely to present with atypical speech sound development. The findings from this
thesis provide evidence that healthcare professionals can use to support
comprehensive and targeted clinical assessment and intervention, and to empower

parents to make informed decisions about how they care for their children.
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