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ABSTRACT

Objectives

This is a protocol for a Cochrane Review (prognosis). The objectives are as follows:

Primary objectives

Population Children between four and eight years of age, diagnosed with a language disorder, or determined
to have low language proficiency before age eight.

Intervention Not applicable, this is a review of observational studies and will not include active interventions.

Comparator The comparison group will be peers or siblings with typically developing language skills, that is, no
identified language disorder or low language proficiency.

Outcome We will include the following outcomes if measured when participants are at least 12 years old
(adolescents and adults):

« Proximal outcomes in language and literacy (outcomes within the same domain as the original
assessments: omnibus tests of expressive, receptive (including listening comprehension), total
language, vocabulary, grammar, narrative or expository discourse, clinical markers, such as non-
sense word repetition, sentence repetition, or both)

« World Health Organization quality of life outcomes across five domains:

o physical (including general health, sleep and energy, sexual health);

o psychological (including mental health, self-esteem, memory, learning, and concentration);

o independence (including activities of daily living, occupational outcomes, dependence on
medicinal and non-medicinal drugs and supports, independent living);

o social relationships (including friendships, romantic relationships, parenthood, peer prob-
lems, and anti-social behaviour);

o environment (including academic outcomes, work satisfaction, financial resources, societal
participation in leisure/community activities, safety).

Timing Studies must have traced the individuals into adolescence, or transition to adulthood or adult-
hood, or both, thus, when participants are 12 years and older.

Long-term prognosis of low language proficiency in children (Protocol) 1
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Setting Identification, or assessment and diagnosis using standard diagnostic algorithms. Precise mea-
sures and cutoffs on standardised tests will vary from study to study. For instance, Tomblin
1997 used the diagnostic algorithm of <-1.25 standard deviations on two or more language com-
posite scores; and in Norbury 2016, language disorder was defined as scores of 1.5 standard devia-
tions or below on two of five language composites in the absence of intellectual disability, existing
medical diagnosis, or both.

Identification by speech-language pathologists, educational psychology services, or in the context
of research (population studies). Identification includes measures of language, such as vocabulary,
grammar, morphosyntax, narrative. It can be expressive measure(s), receptive measure(s), or both.
We will exclude identification made on the basis of tests of phonology/speech production, prag-
matics, reading, or working memory only.

We will include large-scale population studies in which low language proficiency may be deter-
mined by a cut-off of at least -1 standard deviation on at least one standard test of language to as-
sess longitudinal relationships between single measures and quality of life outcomes in large com-
munity samples (Beitchman 2014; Caspi 2016; Thornton 2021).

The main objective of this review is to assess the long-term prognosis of an early language disorder or low language proficiency (LLP) for
children aged four to eight years at baseline, and from age 12 years and up at follow-up, in areas of language and literacy, and broad quality
of life outcomes in physical, psychological, independence, social relationships, and environment outcomes. This will include measures of
mental and physical health, academic outcome, employment status, financial resources, and societal participation.

We will ask the following research questions: 1) To what extent do children with LLP age four to eight years show higher risk for persistent
difficulties with language and literacy into adolescence and adulthood? 2) To what extent do children age four to eight years, with LLP,
experience higher risk for poor quality of life across five domains of physical, psychological, independence, social relationships, and
environment well-being in adolescence, and adulthood (WHO 2012)?

Secondary objectives

Secondary objectives are: 1) to understand how severity of early language problems affects long-term prognosis and quality of life, and 2)
to identify gaps in the extant research. For instance, while the indicative sample of papers consistently report academic and employment
outcomes, there is little evidence regarding physical or medical health outcomes.

Investigation of sources of heterogeneity between studies

We expect that there will be substantial heterogeneity between the included studies on the following variables:

« Diagnostic criteria

« Severity of language impairment

« Method of ascertainment (population study versus recruitment from special schools or clinics)

« Year of publication

« Age of outcome measurement

« Inclusiveness of non-verbal IQ (Specific Language Impairment versus Developmental Language Disorder)

« Stability of schooling (e.g. special school consistently versus changing between special school and mainstream classrooms)
« Literacy skills

Long-term prognosis of low language proficiency in children (Protocol) 2
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BACKGROUND

Description of the health condition and context

This prognostic review will examine long-term outcomes of having
low language proficiency (LLP) as a child. These children have
been described using a multitude of labels and diagnostic criteria,
and in many cases, language disorders go undiagnosed and
untreated (Bishop 2010; McGregor 2020). Thus, this review will
adopt broad inclusion criteria in order to capture all relevant
studies. The target population is children who have been identified
as having LLP between the ages of four and eight years old.
This may include children with a clinical diagnosis of language
disorder, those who are receiving speech-language pathology or
special education services for poor language, children who screen
positive for language disorder in clinical or educational trials, or
children identified in population cohort studies on the basis of
standardised test scores (cut-off scores may range from -1 standard
deviation (SD) below the normative mean to -2 SD below on
one or more standardised measures of language). The CATALISE
consortium indicated that a diagnosis was only warranted in cases
of persistent impairment, and noted there is variation in early
language development, which means many very young children
may experience delays in their language development that resolve
without any additional support (Bishop 2016; Bishop 2017a).
Therefore, we will set the lower age limit for our population of
interest at age four years, and upper age limit at eight years. This is
because some children are not identified, or do not get a diagnosis
untilthey start school, and thereisinternational variation in the age
that children start school. In some countries, formal school doesn't
start until age seven. Thus, setting the upper age limit at eight years
will ensure that we capture most children identified with LLP across
different countries and educational systems.

Problems with language are quite common in children. Prevalence
estimates of developmental language disorder (including children
formerly identified as having ‘specific language impairment’) in
the absence of other biomedical conditions are approximately
7% in English-speaking countries (Norbury 2016; Tomblin 1997).
This increases to approximately 10% when children with other
neurodevelopmental conditions affecting language, such as autism
or intellectual disabilities, are included (Norbury 2016), and may
vary according to community socioeconomic factors (Norbury
2021). Language deficits can affect children in different ways.
A child may experience problems with expressive language,
problems understanding language, or a combination of both.
Therefore, the term language disorder refers to challenges in
understanding or producing language that affect a child’s everyday
functioning (Bishop 2016). The term language difficulties is used
in a broader way, and often refers to children who are considered
at risk of a language disorder, but have not yet been diagnosed
(e.g. Dockrell 1998; Hagen 2017).

Different labels have been used throughout the years, and
across professional groups and diagnostic manuals (Bishop
2017a). See Table 1 for examples of labels used. Specific
language impairment has been a common term in the research
literature (Leonard 2014); other terms are: primary language
impairment, language delay, developmental language disorder,
and developmental dysphasia. This inconsistency in terms is
confusing, but what is more serious is that there has been little
agreement on which criteria to use, and how to classify language
disorders. In 2016, Bishop and colleagues published the first paper

from the CATALISE study, the goal of which was to raise awareness
of these issues, and create consensus in the field for criteria and
terminology (Bishop 2016). Almost 60 experts, representing ten
different relevant disciplines, participated in the study. They rated
and discussed statements, based on papers from a specialissueina
journal on this topic. Based on several rounds of rating, discussions,
and revisions of statements, they reached a consensus on 27
statements that specified criteria and classification of language
disorders (Bishop 2016). This important work was followed by a
study to agree on a common terminology for children’s language
problems (Bishop 2017b). Using the same panel and methodology
as the first phase of the CATALISE study (Bishop 2016), they reached
consensus on terminology. They agreed that language disorder
refered to a profile of problems that led to functional impairment
in everyday life; that is, problems with language of a nature that
had significantimpact on children's everyday lives (Bishop 2017b).
They further agreed that developmental language disorder (DLD)
refered to language disorders that were not associated with any
known biomedical aetiology (Bishop 2017b).

The Diagnostic and Statistical Manual of Mental Disorders
- 5th edition (DSM-5 (APA 2013)) uses the term language
disorder. However, the International Statistical Classification of
Diseases and Related Health Problems - 11th edition (ICD-11)
used developmental language disorder (WHO 2022). The ICD-11
describes four subcategories: DLD with impairment of receptive
and expressive language, DLD with mainly impairment of
expressive language, DLD with mainly impairment of pragmatic
language, and DLD with other specified language impairment.

In this review, we will use the term low language proficiency to
refer to children who are either diagnosed with a language disorder,
or identified in population cohort studies to have lower language
skills. The children may be identified with a cut-off score of at least
-1 SD below the mean on one or more standardised measures of
language. Diagnosis or assessment will be done by an educational
psychology service or in the context of research (the setting).
Since we are interested in long-term consequences, we will only
include studies that follow participants longitudinally into youth
or adulthood. Specifically, we are interested in outcomes that are
assessed when children are at least 12 years old.

Health outcomes

Children with LLP may experience persistent difficulties in areas
of language and literacy, which may ultimately affect quality of
life when they are adults (Dubois 2020; Heckman 2006). Therefore,
we will organise the outcomes of interest according to the World
Health Organization framework for measuring quality of life (QoL
(WHO 2012)). In Table 2, we provide indicative examples of outcome
domains, including QoL domains, and their measurement in
studies of adolescents and adults with a history of LLP.

Since we are interested in prognosis, we will include only long-
term, and not concurrent outcomesin the review. For the prediction
horizon, the identification of LLP in included studies must be
between the ages of four and eight years, and we will extract
follow-up information on the outcomes from the studies when
participants are at least 12 years old. We chose 12 years of
age, because it signals the beginning of secondary school and
adolescence in most countries, and is an important outcome point
for education. If possible, we will consider developmental changes
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between adolescence and adulthood in studies that report both
(Beitchman 2014).

Why it is important to do this review

Prevalence studies have estimated that on average, 7% to 10%
of children aged five years to six years have LLP that makes
functioning well in school and social settings difficult (Norbury
2016; Tomblin 1997). Children with these challenges are at
increased risk of problems in adolescence in the areas of language
and literacy (Stothard 1998), and social relationships (Wadman
2011), and are twice as likely as peers with age-appropriate
language to experience adverse mental health conditions (Yew
2013). A quote from a young person with LLP contextualises the
problems these students may experience both academically and
socially: “Nothing really helped me to do better in school. Because
| was shy and quiet, sometimes teachers didn’t even notice that
| was in the classroom. When my mother complained to the
[secondary] school about the other students’ behaviour towards
me, the teachers did nothing to help me. In Year 10 and Year 11,
when my attendance was very poor, they were just calling my
mum to put the responsibility on her. | preferred to do anything
else than going to school.” (Palikara 2009). Palikara 2009 followed
64 young people diagnosed with SLI as children, and conducted
interviews with them when they were in late adolescents or young
adulthood (participants were older than 16 years of age). Of these,
37 were attending a college of further education at the time of the
interviews. These college students expressed challenges with the
increased academic demands. For instance, one student said: “I
had some problems with coursework. It’s harder than GCSE. [For
GCSE], the work that you had to produce was much shorter. It’s
longer here. The questions are harder and a lot more research has
to be done.” (Palikara 2009). About one in six of the interviewees
reported that they had encountered difficult peers or had been
bullied.

Several studies find that as young adults, people with LLP do
not achieve the same level of educational attainment as peers
(Conti-Ramsden 2009), and experience challenges with social
relationships (Howlin 2000), mental health (Brownlie 2016), and
employment status (Heckman 2006; Johnson 2010). Some studies
report poorer prognosis as a result of having LLP (e.g. Clegg 2005;
Conti-Ramsden 2012; Mawhood 2000), whereas others show a
mixed picture (Beitchman 2001; Botting 2016; Clegg 2012). Many
studies have found prolonged differences between those with
early LLP compared with controls in areas such as academic
self-concept, friendships, behaviour, and employment (Conti-
Ramsden 2012; Lindsay 2012). In contrast to this, other studies
have reported more positive long-term outcomes for individuals
with childhood language disorders (Clegg 2012; Records 1992).
However, as pointed out by Joffe and Nippold, long-term outcomes
are variable, complex, and multifaceted, and several factors can
determine risk and resilience (Joffe 2012). There seems to be a
general concern about the prognosis for those with childhood
LLP, however, studies are somewhat mixed regarding longer-term
outcomes, and we do not have a good enough understanding of the
consequences of having such challenges early in life. Therefore, it
is also challenging to tailor interventions in different phases of life
to prevent additional problems.

Based on our knowledge and search in the research field, we only
know of two systematic reviews that attempted to summarise the
longer-term effects of having problems in the area of language
(Dubois 2020; Fisher 2017). The review by Dubois and colleagues
includes 15 studies with a total of four cohorts of young adults (ages
18 to 34 years) with DLD (Dubois 2020). They portrayed outcomes
in three life areas: education, employment, and independent living.
The review provided important insight into the risk of young
adults with DLD in these three areas, however, it had some serious
limitations. It did notinclude several cohorts that seem comparable
to the included samples (e.g. The lowa cohort (Tomblin 1997), and
the Rutter cohort (Clegg 2005)). It did not examine potential sources
of variation in outcomes between cohorts that were included. It
conflated studies that examined DLD and studies with population
cohorts in which language phenotyping was minimal (i.e. receptive
vocabulary only). It also presented the results qualitatively, and did
not report a meta-analysis. It did not summarise important results,
like persistence of language disorder or mental health. Lastly, the
prognosis studies in this field have variable quality, yet Dubois
2020 did not examine study quality in relation to the results in the
different studies.

Fisher 2017 undertook a systematic review and meta-analysis of
predictors of long-term outcomes among late-talking toddlers.
They found that significant predictors of expressive-language
outcomes were size of expressive vocabulary, receptive language
skills, and socioeconomic status. This is an important contribution
to the field, however, it limited outcomes to expressive language
only, and only focused on very young children at baseline, i.e.
toddlers. Since many of these late-talking toddlers tend to catch up
with peers, it is also important to obtain knowledge about the long-
term prognosis of children who are slightly older, and are more
likely to have persistent language difficulties.

Thus, there seems to be a gap in the field that summarises the
longer-term effects of LLP. Compared with related conditions, such
as dyslexia and autism, the area of language disorders has been
neglected. Although there are longitudinal studies that trace the
development and investigate the prognosis of language disorders,
there are only two that attempted to summarise these findings:
one systematic literature review (Dubois 2020), and one systematic
review and meta-analysis (Fisher 2017). Therefore, we currently
have neither a good overview of the long-term prognosis of people
with LLP, nor the moderators that might relate to a variation
in outcomes. Our review will add to the extant literature by
documenting a larger number of cohort studies, a broader range
of outcomes that are recognised indicators of quality of life, and a
broader age range of outcomes, to enable us to document potential
age-related changes in outcomes. This will help us to identify gaps
in the existing research base, and provide valuable information for
families, practitioners, and policymakers on long-term outcomes of
LLP.

OBJECTIVES

Primary objectives

Long-term prognosis of low language proficiency in children (Protocol)
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Population

Children between four and eight years of age, diagnosed with a language disorder, or determined
to have low language proficiency before age eight.

Intervention

Not applicable, this is a review of observational studies and will not include active interventions.

Comparator

The comparison group will be peers or siblings with typically developing language skills, that is, no
identified language disorder or low language proficiency.

Outcome

We will include the following outcomes if measured when participants are at least 12 years old
(adolescents and adults):

« Proximal outcomes in language and literacy (outcomes within the same domain as the original
assessments: omnibus tests of expressive, receptive (including listening comprehension), total
language, vocabulary, grammar, narrative or expository discourse, clinical markers, such as non-
sense word repetition, sentence repetition, or both)

« World Health Organization quality of life outcomes across five domains:
o physical (including general health, sleep and energy, sexual health);

o psychological (including mental health, self-esteem, memory, learning, and concentration);

o independence (including activities of daily living, occupational outcomes, dependence on
medicinal and non-medicinal drugs and supports, independent living);

o social relationships (including friendships, romantic relationships, parenthood, peer prob-
lems, and anti-social behaviour);

o environment (including academic outcomes, work satisfaction, financial resources, societal
participation in leisure/community activities, safety).

Timing

Studies must have traced the individuals into adolescence, or transition to adulthood or adult-
hood, or both, thus, when participants are 12 years and older.

Setting

Identification, or assessment and diagnosis using standard diagnostic algorithms. Precise mea-
sures and cutoffs on standardised tests will vary from study to study. For instance, Tomblin

1997 used the diagnostic algorithm of <-1.25 standard deviations on two or more language com-
posite scores; and in Norbury 2016, language disorder was defined as scores of —1.5 standard devia-
tions or below on two of five language composites in the absence of intellectual disability, existing
medical diagnosis, or both.

Identification by speech-language pathologists, educational psychology services, or in the context
of research (population studies). Identification includes measures of language, such as vocabulary,
grammar, morphosyntax, narrative. It can be expressive measure(s), receptive measure(s), or both.

We will exclude identification made on the basis of tests of phonology/speech production, prag-
matics, reading, or working memory only.

We will include large-scale population studies in which low language proficiency may be deter-
mined by a cut-off of at least -1 standard deviation on at least one standard test of language to as-
sess longitudinal relationships between single measures and quality of life outcomes in large com-
munity samples (Beitchman 2014; Caspi 2016; Thornton 2021).

The main objective of this review is to assess the long-term
prognosis of an early language disorder or low language proficiency
(LLP) for children aged four to eight years at baseline, and from
age 12 years and up at follow-up, in areas of language and literacy,
and broad quality of life outcomes in physical, psychological,
independence, social relationships, and environment outcomes.
This willinclude measures of mental and physical health, academic
outcome, employment status, financial resources, and societal
participation.

We will ask the following research questions: 1) To what extent
do children with LLP age four to eight years show higher risk for

persistent difficulties with language and literacy into adolescence
and adulthood? 2) To what extent do children age four to eight
years, with LLP, experience higher risk for poor quality of life
across five domains of physical, psychological, independence,
social relationships, and environment well-being in adolescence,
and adulthood (WHO 2012)?

Secondary objectives

Secondary objectives are: 1) to understand how severity of early
language problems affects long-term prognosis and quality of life,
and 2) to identify gaps in the extant research. For instance, while
the indicative sample of papers consistently report academic and

Long-term prognosis of low language proficiency in children (Protocol)
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employment outcomes, there is little evidence regarding physical
or medical health outcomes.

Investigation of sources of heterogeneity between
studies

We expect that there will be substantial heterogeneity between the
included studies on the following variables:

« Diagnostic criteria
« Severity of language impairment

« Method of ascertainment (population study versus recruitment
from special schools or clinics)

« Year of publication

« Age of outcome measurement

« Inclusiveness of non-verbal IQ (Specific Language Impairment
versus Developmental Language Disorder)

« Stability of schooling (e.g. special school consistently versus
changing between special school and mainstream classrooms)

o Literacy skills
METHODS

Criteria for considering studies for this review

Studies will be included in this review if they meet the following
criteria.

« Include a sample of children identified as having a language
disorder or low language proficiency, using standard diagnostic
algorithms (note: precise measures and cut-offs on standardised
tests will vary from study to study) between age four and eight
years.

« ldentification includes measures of language, such as
vocabulary, grammar, morphosyntax, and narrative. Cut-off
scores on standardised tests will be at least-1 standard deviation
(SD) below the normative mean. We will exclude identification
made on the basis of tests of phonology/speech production,
pragmatics, reading, or working memory only.

« Identification, or assessment and diagnosis is made by speech-
language pathologists, educational professionals, clinical/
educational psychologists, or researchers (population studies).

« They have assessed individuals at age 12 years or older, on at
least one outcome measure of language (vocabulary, grammar,
narrative, higher-order language, such as inferencing), or
literacy (reading, spelling) skills, or quality of life (QoL) indices
(or a combination) in any of the following five domains:
physical, psychological, independence, social relationships, and
environment well-being.

Types of studies

We will include published or unpublished reports of prospective or
retrospective longitudinal studies following participants with low
language proficiency (LLP). Studies must report scores on measures
of language when participants were between four and eight years,
and results on outcome(s) measured when participants were 12
years or older.

A study may or may not include a comparison group. The studies
will have two main types of design, either 1) with a comparison
group without LLP, or 2) no comparison group. In the first

case, the results will be based on differences between groups.
The comparison groups can include participants with typical
development or other disorders, but no LLP. The groups will be
matched on age. In the second design, with no comparison group,
we will examine whether severity of LLP can predict long-term
outcomes. These studies will most likely report language levels in
participants with LLP on a standardised norm referenced test. In
these cases, we will use the mean percentile of the sample with LLP
as anindicator of severity of the language problems. In cases where
data are reported on known characteristics of the population, such
asemployment, income, etc., results will be compared with this. We
will also consider randomised controlled trials (RCTs), but will only
extract data from the untreated control group.

We will exclude single-case studies.

Targeted population

The target population is children who were identified as having a
language disorder or LLP between the ages of four and eight years.
The children may have been identified with a language disorder by
clinical or educational services, or they may have been identified
as part of research, for instance population cohort studies. The
cut-off score has to be at least -1 SD below the normative mean
on at least one standardised test of language. We will exclude
identification based on tests of phonology/speech production,
pragmatics, reading, or working memory only.

We will include 'co-occurring disorders' as defined in CATALISE
statement 9: “Co-occurring disorders are impairments in cognitive,
sensorimotor or behavioural domains that can co-occur with
developmental language disorder (DLD) and may affect pattern
of impairment and response to intervention, but whose causal
relation to language problems is unclear. These include attentional
problems (attention deficit/hyperactivity disorder (ADHD)), motor
problems (developmental co-ordination disorder (DCD)), reading
and spelling problems (developmental dyslexia), speech problems,
limitations of adaptive behaviour and/or behavioural and
emotional disorders.” (Bishop 2017b). In these cases, we will
consider comorbidity or co-occuring disorders as a moderator of
outcome.

We will exclude studies that predominantly include participants
with 'differentiating conditions', which according to the CATALISE
framework, include “brain injury, acquired epileptic aphasia in
childhood, certain neurodegenerative conditions, cerebral palsy,
and oral language limitations associated with sensorineural
hearing loss (Tomblin 2015), as well as genetic conditions, such
as Down Syndrome" (Bishop 2017b). We will also exclude children
with autism spectrum disorder, intellectual disability, or both
(Harris 2013), because these conditions are commonly linked to
genetic or neurological causes (Fitzgerald 2015; Shevell 2001),
with the numbers of known aetiology increasing with advances in
genetic methods (Bourgeron 2015; Fitzgerald 2015; Shevell 2001).

Types of outcomes to be predicted

We will report two types of outcomes:

Language and literacy. These are proximal measures related to a
child’s initial identification and diagnosis.

« Omnibus tests of expressive, receptive (including listening
comprehension), total language
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« Vocabulary
« Grammar
« Narrative or expository discourse

« Clinical markers, such as nonsense word repetition, sentence
repetition, or both

Quality of life (QoL (WHO 2012)): multiple measures across five
domains of functioning (see Table 2 for example measures)

« Physical, including general health, sleep and energy, sexual
health

« Psychological, including mental health, self-esteem, memory,
learning and concentration; independence, including activities
of daily living, dependence on medicinal and non-medicinal
drugs and supports, independent living

« Level of independence, including mobility and work capacity

« Social relationships, including friendships, romantic
relationships, parenthood, peer problems, and anti-social
behaviour

« Environment, including academic outcomes, work satisfaction,
financial resources, societal participation in leisure/community
activities, safety

When a study reports multiple measures for an outcome, we will
prioritise standardised and validated measures over researcher-
made and non-validated measures, as these are considered more
reliable. In the characteristics of included studies table, we will list
all measures reported in the study, noting which we selected for
analysis and why.

Since we are interested in prognosis, we will only include long-
term, not concurrent outcomes. For the prediction horizon, the
measurement of language skills, or diagnosis of language disorder
had to be done before the children were eight years old, and follow-
up information on the outcomes was extracted from the studies
when children were at least 12 years old.

Since initial identification and diagnosis is based on language
measures, the language and literacy measures are closely related
to the identification criteria. Therefore, many of these data will be
continuous and normed (see Table 2 for examples of measures).
We may also find and include studies that include ordinal data. We
anticipate that some QoL data, such as level of independence, may
be ordinal or dichotomous. We will present results in a summary of
findings table (see Table 3 for an example).

Search methods for identification of studies
Electronic searches

We will search PsycINFO using the strategy in Appendix 1. We
will adapt this strategy for the databases listed below, using
appropriate indexing terms and syntax:

« Cochrane Central Register of Studies (CENTRAL; current
issue) in the Cochrane Library, which includes the
Cochrane Developmental, Psychosocial and Learning Problems
Specialized Register (from inception onwards);

« MEDLINE Ovid (1946 onwards);

o MEDLINE In-Process and Other Non-Indexed Citations Ovid
(1946 onwards);

« MEDLINE Epub Ahead of Print Ovid (1946 onwards);

« Embase Ovid (1974 onwards);

o CINAHL Plus EBSCOhost (Cumulative Index to Nursing and Allied
Health Literature; 1937 onwards);

« ClinicalTrials.gov (2000 onwards; clinicaltrials.gov/);

« ERIC EBSCOhost (1966 onwards);

« Education Abstracts (H.W. Wilson) EBSCOhost (1983 onwards);

+ Education Database Proquest (1988 onwards);

« Linguistics and Language Behavior Abstracts ProQuest (LLBA;
1973 onwards);

o PsycINFO Ovid (1806 onwards);

« Scopus Elsevier (1970 onwards);

+ Science Citation Index-Expanded Web of Science, Clarivate
(1970 onwards);

« Social Sciences Citation Index Web of Science, Clarivate (1970
onwards);

« Conference Proceedings Citation Index-Science Web of Science,
Clarivate (1990 onwards);

« Conference Proceedings Citation Index-Social Science and
Humanities Web of Science, Clarivate (1990 onwards);

« Emerging Sources Citation Index Web of Science, Clarivate (2015
onwards);

« ProQuest Dissertations & Theses Global (1743 onwards);

« OpenGrey (1980 onwards; www.opengrey.eu);

» Google Scholar (scholar.google.com/). As Google Scholar does
not have a limit on the number of hits, we will screen the first
500 references that are most relevant for our search (all available
years).

We will not limit the searches by date, publication type, study
type, publication status, or language. We will seek translation of
non-English studies, using translate.google.com or a professional
translation service, as appropriate. Before publication, we will
conduct a search to ensure none of our included studies have been
corrected or retracted.

Searching other resources

In addition to searching in electronic databases, we will also:

« search for relevant studies in the reference lists of included
studies, and any relevant systematic reviews identified in our
searches;

« poston listserversforthe Society of Scientific Studies of Reading
and The Society for Research on Learning Disorders;

« contact experts in the field to determine if they know of any
additional eligible studies.

Data collection
Selection of studies

Two of the review authors (AMH and KR), will independently
conduct the initial screening of titles and abstracts identified
through the electronic searches, and remove clearly irrelevant
articles.

We will obtain the full-text articles of all potentially relevant studies,
and of those whose relevance cannot be determined from the
abstract. Two authors (AMH and KR) will independently review all
full-text articles for eligibility. We will report Kappa statistics. The
two authors will resolve disagreements through discussion, or if
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required, consultation with a third review author (MM-L). We will
collate multiple reports of the same study, so the study, rather than
the report, is the unit of interest. We will outline the study selection
process in a PRISMA study flow diagram (Moher 2009).

Data extraction and management

We will code study variables that relate to contextual information
(e.g. country, year of publication), methods (e.g. clinical sample,
number of participants, type of comparison group, age at study
onset and follow-up, diagnosis, type of outcome measures), and
risk of bias (e.g. attrition, loss to follow-up, participation, and
outcome measures). We will extract data from included studies
using a data extraction forminspired by Brignell 2022. See Appendix
2 for details about study variables, and Appendix 3 for risk of bias
assessment.

We will use the checklist for critical appraisal and data extraction
for systematic reviews of prediction modelling studies (CHARMS)
to develop the form (Moons 2014). We will pilot the data extraction
form on several studies, and make necessary edits. Two review
authors (AMH and KR) will independently extract all data, and a
third review author (MM-L) will check the data. The three authors
(AMH, KR and MM-L) will resolve disagreements through discussion,
or if required, consult with a fourth review author (AL or CN).

Assessment of risk of bias in included studies

We will assess the risk of bias in each included study to examine
the quality of the studies. Adapted from the protocol of Brignell
2022, we will assess risk of bias by examining three main domains:
participation, attrition, and outcome measurement. Two review
authors (AMH and KR) will independently code all studies as
high, moderate, low, or unclear risk of bias according to the
coding scheme presented in Appendix 3. The coding scheme is an
adaption of the QUIPS tool (Hayden 2013), and includes several
items for each of the three domains of participation, attrition,
and outcome. Because we are not investigating prognostic factors,
we excluded the three domains (prognostic factor; measurement,
study confounding; statistical analysis and reporting) from the
QUIPS tool from our risk of bias assessment.

The two authors (AMH and KR) will discuss discrepancies after their
independent assessment, and if needed, consult with one of the
otherauthorsin the team (MM-L, AL, or CN). When discrepancies are
resolved, they will rate each risk of bias category as high, medium,
low, or unclear risk of bias.

If information needed to code risk of bias is not available in a study
report, we will attempt to contact the authors by email to ask for
further information. If the authors are not available, or are unable
or unwilling to provide the needed information, we will code the
risk of bias as unclear.

Measures of association or predictive performance measures
to be extracted

In the planned review, it is likely that the studies will use a variety
of outcome measures. As outlined above, we have organised these
multiple outcomes as proximal to initial identification (language,
literacy, or both), and outcomes related to five domains of quality
of life (WHO 2012). These outcomes might be related to several
measures of association or predictive performance measures to
be extracted, or to the global measures of quality of life, which

implicate both performance and the range of supports available.
We are interested in whether there are differences between those
identified as having LLP between the ages of four and eight and
a comparison group without LLP, in outcomes from age 12 to
adulthood on both kinds of outcomes. Thus, the main predictor
here will be binary, i.e. LLP or no LLP. However, the criteria for LLP
will vary across studies, and we will take this into account as a
moderator.

Dealing with missing data

To deal with missing data, we will first contact authors to try to get
the data needed to estimate an effect size. If data are reported in
terms of significance tests or in formats other than what we are
looking for, we will transform them. To extract data from plots, we
will use the WebPlot Digitizer (Rohatgi 2022). If data are reported
in significance tests (z, t, one way ANOVA), we will convert them
to either Pearson's r or Cohen's d, depending on the nature of
the study. If data are reported in either odds ratio or bivariate
regression analysis, we will transform them to r or d (Borenstein
2021). Missing data in the meta-analysis are not likely to be missing
at random. Therefore, in line with Cochrane recommendations, we
will impute the missing data with replacement values, and treat
these as if they were observed (Higgins 2022).

Assessment of heterogeneity

We expect sources of heterogeneity to originate from the following:

« diagnostic criteria;

« severity of language impairment;

« method of ascertainment (population study versus recruitment
from special schools or clinics);

« year of publication;
« age of outcome measurement;

« inclusiveness of non-verbal IQ (specific language impairment
versus developmental language disorder);

« stability of schooling or educational pathways (e.g. special
school consistently versus changing between special school and
mainstream classrooms);

« literacy skills.

To get an overview of the true variation between studies, we will
calculate Tau?, 12, and prediction intervals. We will use Tau? to
examine the magnitude of the variations in effect sizes between
studies. When using Cohen’s d, Tau? is on the same metric as the
effect itself. Its interpretation is: If a mean effect is zero and Tau? is
0.3, a rough estimate of the range of true study effects is the mean
effect + 2 SD (two times Tau?), that is, d from 0.6 to 0.6. I> was used
to investigate the proportion of variation in the effect sizes that
reflected true variation rather than a sampling error (Borenstein
2021).

Quantifying heterogeneity between studies might also inform the
potential performance in validation of risk prediction models (Chen
2020; Debray 2017).

Assessment of reporting deficiencies

We willuse funnel plots to examine publication bias, Eggers testand
Pet/pees methods (Debray 2018), since these methods currently
seem to perform best under most circumstances (Carter 2019).
We will generate funnel plots separately for each outcome with at
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least 10 studies. We will look for asymmetry in the funnel plots to
determine publication bias. If funnel plots resemble symmetrical
funnels, we can assume the absence of bias.

Data synthesis
Data synthesis and meta-analysis approaches

It is likely that the included studies will use different types of
estimates. The majority of studies are likely to use correlational
coefficients, i.e. correlations between language skills and later
outcomes. However, some are also likely to use Cohen’s d for
group differences between language group and control group.
We will first transform correlations to Fishers z to get a normal
distribution, and then back to r for presentation purposes. The
methods' literature does not recommend transforming all statistics
to a common metric, for instance Cohen’s d (Borenstein 2021).
Therefore, if we get at least two studies, we will calculate separate
overall effect sizes, based on the metric that is used in the original
paper. If this is not possible, we will use Cohen’s d as an effect size
estimate, and transform those that do not report this. Finally, as
mentioned above, some studies are also likely to report results in
different formats or effect sizes, for instance t-tests, ANOVA, odds
ratio, or regression coefficients. If possible, we will transform these
tostandardised group differences or correlations, depending on the
design of the study.

We will undertake the statistical analyses in Robumeta, R package
(Fisher 2015), and use a random-effects model, since there are
likely to be true differences between effect sizes, not only sampling
error. We will summarise the results with the pooled estimate (the
average prognostic factor effect), its 95% confidence interval (Cl),
the estimates of 1> and Tau? (heterogeneity), and a 95% prediction
interval for the prognostic effect in a single population. Robumeta
will also correct for dependencies in the data. It is likely that
dependencies will be present on several levels, for example one
study might have more than one outcome, several studies might be
conducted by the same lab, and so on.

If we are unable to calculate a mean effect size for some outcomes,
we will evaluate these studies qualitatively, and provide a narrative
report. In this case, we will qualitatively code the evidence
according to the following schema, which is adapted from Neligan
2021: if multiple studies (at least two) with low risk of bias
show evidence of a strong relationship between baseline (i.e.
detected language disorder or LLP) and outcome, we will code as a
'strong relationship between baseline and outcome'. We will code a
'moderate relationship between baseline and outcome' when this
is consistent across multiple (at least two) high risk of bias studies,
or one low risk of bias study. We will code a 'limited relationship
between baseline and outcome' if only one high risk of bias study
is available. If there are inconsistent findings across studies, we will
code an 'unclear relationship between baseline and outcome’, and
finally, if we do not detect a relationship, we will code it as 'no
relationship between baseline and outcome'.

Itisimportant to distinguish population studies that aim to identify
children with LLP, and those in which language phenotyping
follows clinically accepted protocols from population studies
that include language as part of their descriptive battery, but
primary study questions are not about language. Therefore, we
will undertake meta-analyses for the prospective studies. For the
retrospective studies, we will present meta-coefficients for each

study separately, if possible; if not, we will provide a narrative
summary.

Assessing quality of evidence and summary of findings tables

Adapted from Brignell 2022, we will judge the overall quality
of evidence for all outcomes using the GRADE approach (lorio
2015). We will rate the quality of the evidence for risk of
bias, inconsistency, indirectness, imprecision, publication bias,
prognostic effect, and dose-response gradient (Appendix 4). We will
classify the quality of the evidence as high, moderate, low, or very
low (Appendix 5). We will present a summary of our results in a
summary of findings table; see Table 3 for an example.

Subgroup analysis and investigation of heterogeneity

Subgroups for analysis will be the following variables:

« Diagnostic criteria: the cut-off score(s) used as inclusion criteria
might differentially relate to the long-term prognosis of low
language proficiency; therefore, we will include language
severity as a moderator of outcome. We plan to conduct
subgroup analyses on the categories of SDs below the mean: -1,
-1.25,-1.5, and -2.

« Severity of language impairment: we aim to examine whether
severity of language impairment reflects the long-term
prognosis of language proficiency. By examining differences
in standard deviation units, we can examine the severity of
impairment as a continuous moderator.

» Method of ascertainment: how participants are selected for a
sample may differ from study to study. That means that study
samples may be systematically different from each other, so we
will examine the method of ascertainment using the following
categories:

o population study;
o recruitment from special schools or clinics.

« Year of publication:

o Studies older than 1980;
o Studies 1980 to 2000;
o Studies 2000 to current.

« Age of outcome measurement: long-term prognosis of
language proficiency may differ in the timing of the outcome
measurements, therefore, we will undertake subgroup analyses
using the categories:

o adolescence (age 12 to 18);
o transition (age 19 to 24);
o adulthood (age 25 and up).

« Inclusiveness of non-verbal IQ: samples may differ in the criteria
related to inclusiveness of nonverbal I1Q, therefore, we will
undertake subgroup analyses on:

o non-verbal IQ included (e.g. specific language impairment);
o non-verbal 1Q excluded (e.g. developmental language
disorder).

+ Educational pathways:

o mainstream only;

o special class or school only;

o mainstream then special school;
o variable (back and forth).

« Literacy skills: whether the participants are characterised with
literacy problems or not may be differently associated with long-
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term prognosis in language proficiency, so we will undertake
subgroup analyses on the categories:
o reported literacy problems;

o no reported literacy problems.

« Presence of known, co-occuring conditions:
o ADHD;

o dyslexia;
o motor deficits;
o other learning disorders.

We will use meta-regression with both continuous variables and
with dummy coding for categories (Fisher 2015).

Sensitivity analysis

We will use a 'one study removed' sensitivity analysis to determine
whether the overall estimates between studies are influenced by
outlier studies. Thisis done by performing a series of meta-analyses
that leave out one by one of the studies in the original meta-
analysis. By removing one study, you can observe how much the
results change, and how that particular study influences your
results (Borenstein 2021). Using this approach, we will consider
effect sizes that fell outside the 95% confidence interval of the
average effect size to be outliers. We will set correlations between

different outcomes within the same domain to 0.4, based on
previous studies of correlations between the outcome tasks of
interest. However, we will conduct a sensitivity analysis to ensure
that the results were robust across several levels of correlations
(Fisher 2015). We will also use sensitivity analysis to examine the
impact from different levels of dependencies in the data.
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Labels Definition Reference

Specific language im- an unexplained and serious deficit in spoken language ability that affects their ~ Leonard 2014

pairment (SLI) social and academic well-being

Primary language im- used as a synonym for SLlI; refers to individuals with unexpectedly low lan- e.g. Kohnert 2009

pairment guage performance relative to otherwise typical development

Language delay alanguage delay in young children (usually ages 2 to 7 years); involves late de-  e.g. Sunderajan 2019
velopment of language abilities relative to milestones for their age

Developmental dyspha-  adisorder involving difficulties speaking and understanding spoken words e.g. Njiokiktjien 1990

sia

Language problems/ used in a broader way than 'language disorder', refers to children who are con-  e.g. Dockrell 1998; Ha-

language difficulties sidered at risk of a language disorder, but have not yet been diagnosed gen 2017

Language disorder a profile of problems that leads to 'functional impairment in everyday life' DSM-5 (APA 2013); see

also Bishop 2017b
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Table 1. Examples of different labels used (continued)

Developmental lan-
guage disorder (DLD)
with subcategories?

language disorders that are not associated with any known biomedical aetiol-
ogy

ICD-11 (WHO 2022); see
also Bishop 2017b

Low language proficien-
cy (LLP)

individuals who are either diagnosed with a language disorder or identified in
population cohort studies to have lower language skills.

used in this review

DSM-5: Diagnostic and Statistical Manual of Mental Disorders 5th edition; ICD-11: International Statistical Classification of Diseases and
Related Health Problems 11th Revision
apLD with impairment of receptive and expressive language, DLD with mainly impairment of expressive language, DLD with mainly
impairment of pragmatic language, and DLD with other specified language impairment

Table 2. Outcome domains with examples of measurements and studies

Outcome domains

Examples of indicators and measures

Reference

Language and Literacy

Language (e.g. WAIS - Verbal IQ; British Picture Vocabulary Scales; Expressive
One Word Picture Vocabulary); reading (e.g. Wechsler Objective Reading Di-
mensions; Woodcock Reading Mastery Tests); non-verbal I1Q (e.g. WAIS - non-
verbal IQ)a

Clegg 2005; Con-
ti-Ramsden 2018; John-
son 2010

QoL Domain | Physical

Pain and discomfort (e.g. % injury insurance claims); general health (e.g. %
obese); sleep and rest

Caspi 2016

QoL Domain Il Psycho-
logical

Thinking, learning, memory, (e.g. Doors & People (Baddeley 1994)); self-es-
teem; negative feeling (e.g. Social Interaction Anxiety Scale)

Brownlie 2016; Clegg
2005

QoL Domain Il Level
of independence

Mobility; activities of daily living; dependence on medical and non-medical
substances; work capacity (e.g. duration of unemployment)

Caspi 2016; Clegg 2005;
Conti-Ramsden 2018;
Johnson 2010; White-
house 2009

QoL Domain IV Social
relationships

Personal relationships (e.g. family, marital status, number of children, friend-
ships); social support (more formal support than personal, e.g. social worker,
access to organised social clubs); anti-social behaviour (e.g. Youth Self Report
(Delinquency/Aggression), Conner's Rating Scale (Conduct subscale)

Brownlie 2004; Caspi
2016; Clegg 2005; John-
son 2010; Whitehouse
2009

QoL Domain V Envi-
ronment

Freedom, physical safety and security (e.g. % criminal court convictions; expe-
rienced sexual assault); work and finance (e.g. % in full/part-time work, nature
of work, salary, % satisfied with job); transport (e.g. interview about indepen-
dent travel)

Brownlie 2007; Caspi
2016; Clegg 2005; Con-
ti-Ramsden 2018; John-
son 2010; Whitehouse
2009; Winstanley 2018

1Q: intelligence quotient; QoL: quality of life; WAIS: Wechsler Adult Intelligence Scale
aNon-verbal IQ is placed with language and literacy outcomes because it is often tied to diagnosis of language disorders.

Table 3. Summary of findings: long-term prognosis of having low language proficency as a child

Population:
Setting:
Outcomes Indicators Effect size Number of Quality of the Comments
participants evidence
(95% ClI) (GRADE)
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Table 3. Summary of findings: long-term prognosis of having low language proficency as a child (continved)
(length of fol- (studies)
low-up)

Language and literacy

QoL Domain | Physical

QoL Domain Il Psychological

QoL Domain Il Level of independence

QoL Domain IV Social relationships

QoL Domain V Environment

Cl: confidence intervals; QoL: quality of life

APPENDICES

Appendix 1. Search strategy for PsycINFO Ovid

1 language disorders/ and (deficit$ or delay$ or difficult$ or disorder$ or impair$ or problem$ or proficien$).tw.
2 specific language impairment/

3 Speech Language Pathology/

4 language delay/

5 language development/ and (deficit$ or delay$ or difficult$ or disorder$ or impair$ or problemS or proficien$).tw.
6 (language adj1 (deficit$ or delay$ or difficult$ or disorder$ or impair$ or problemS$ or proficien$)).tw.
7 communication disorders/

8 ((language or anomia or aphasia or dysphasi$) adjl developments$).tw.

9 late talkS.tw.

10 ((DLD or PLI or SLD or SLI) and language).tw.

11 or/1-10

12 epidemiology/

13 prognosis/

14 prediction/

15 longitudinal studies/

16 prospective studies/

17 followup studies/

18 risk factors/

19 retrospective studies/

20 academic achievement prediction/

21 occupational success prediction/
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22 predictS.tw.

23 (prognosis or prognostic).tw.
24 (follow$ up$ or followup$).tw.
25 longitudinal$.tw.

26 prospectiv$.tw.

27 cohortS.tw.

28 ((adult$ or longterm or long term or later) adj outcome$).tw.

29 or/12-28

3011 and?29

Appendix 2. Data extraction scheme

Study details

Definition

Study number (ID)

Author

First author (surname and first initial)

Year of publication

Description of study design

Study description, method, prospective cohort, retrospective cohort, cross-section-
al cohort, assessment of outcome, assessment of predictive factors, analysis or dis-
cussion of confounders, controlled, with/without intervention

Country of origin

Study population/group

Clinical description of participants

Number of participants/clinical group

Number (N)

Comparison group

Comparison group described

Number of participants/comparison group

Number (N)

Inclusion/exclusion criteria

Participants who were eligible for study: description of diagnosis or criteria

Diagnosis at baseline

Description

Known comorbidities

Description of comorbid diagnosis

Diagnostic criteria

Diagnosis or cut-off

Diagnostic tool/measure

Language outcome

Timing of diagnosis

Prior to study, at baseline, etc.

Age of diagnosis

Participants mean age at diagnosis, age range, and SD

Language of participants

Instructional language (language spoken in school)
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(Continued)

Bilingualism Whether home language is different than instructional language
Participants age of study onset Participants mean age at study onset, age range, and SD

Participants age of study closure Participants mean age at last follow-up, age range, and SD

Study attrition Number of participants lost to follow-up; reasons for loss to follow-up

Type of outcomes -

Study approach and outcomes When outcomes were measured

Cognitive ability/IQ Outcome; measure used

Outcome type Type of outcome(s) e.g. language skills; math skills; SES; education
Outcome measure Name of test

Outcome instrument E.g. Self-report; norm-referenced test

Change in diagnosis Outcome: measure and criteria used

Period of follow-up in years Length of follow-up for the study

Notes -

Data -

Footnotes

ID: identifier;1Q: intelligence quotient;N: number; SES: socioeconomic status

Appendix 3. Risk of bias coding scheme

This risk of bias scheme is based on the Hayden 2013 identification of potential bias in studies of prognostic research. Bias related to
participation, attrition, and outcome measurement are particular relevant for this review, and questions developed in the Hayden study
will be used to inform our judgements of risk of bias.

Table 1 below describes the potential bias, and guides how we will assess the bias types into high, moderate, low, or unclear risk. The
information in Table 1is modified from the Hayden 2013 tool for questions, developed to advise the judgements of risk of bias in prognostic
research (the Quality in Prognosis Studies (QUIPS)).

Table 2 below shows the risk of bias coding scheme that the authors will report.

Table 1. Guidelines for the assessment of risk of bias

Potential bias and questionsto  Risk of bias ratings
guide the assessment*

High Moderate Low Unclear
Participation Evidence that the partici- Indication that Information report-  General rule: contact
) ) pation rate is low or that the study sam- ed indicates that study authors if infor-
How is the sample described at the study sampleis differ-  ple might be dif-  the study sample mation is unclear or
study onset? ent from the population of  ferent from the adequately not reported in the
interest. study to enable us to
Long-term prognosis of low language proficiency in children (Protocol) 18
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(Continued)

How is the participation inclusion
process described (e.g. in terms
of diagnostic criteria)?

How is the recruitment de-
scribed?

Are adequate descriptions of the
inclusion and exclusion criteria
reported?

The described recruitment
process indicates that the
included sample might dif-
fer from the population of
interest.

population of in-
terest.

represents the pop-
ulation

of interest. Evi-
dence that authors
used standardised
tests of language to

make the diagnosis.

High participation
and reports of re-
cruitment process-
es that ensure that
the characteris-
tics in the sample
are similar to non-
participants in the
same population.

assess bias. If unable
to obtain the required
information, bias cat-
egories should be cod-
ed as unclear.

Describe issues that
are unclear.

Attrition

What is the withdrawal rate? (i.e.
have many participants with-
drawn?)

Is there evidence that outcomes
might be biased because the par-
ticipants completing the study
represent a selected group? (i.e.
what are the reasons for not com-
pleting the study, and is there a
risk for systematic differences
between persons completing

the study and persons lost to fol-
low-up?)

Large withdrawal rate and
risk for systematic differ-
ences that may bias the
prognostic associations
from study onset to fol-
low-up.

Reported information
states that persons who
completed the study are
likely to differ from those
lost to follow-up.

Some withdraw-
al rate, or possi-
ble differences
(or both) be-
tween persons
at follow-up and
persons lost to
follow-up cannot
be ruled out.

The participants at
follow-up are like-
ly to represent per-
sons enrolled in the
study.

The study reports
'‘complete fol-
low-up".

Evidence that the
participants who
are missing have
random explana-
tions.

General rule: contact
study authors if infor-
mation is unclear or
not reported in the
study to enable us to
assess bias. If unable
to obtain the required
information, bias cat-
egories should be cod-
ed as unclear.

Outcome measurement

Is a clear definition of the out-
come provided?

Is the method of outcome mea-
surement adequately valid and
reliable? (e.g. blinded assess-
ment)

Is the method and setting of out-
come measurement the same for
all study participants?

Reported information in-
dicates that the measure-
ment of the

outcome at follow-up is
likely to be different from
the measures used at
study onset.

Persons assessing the par-
ticipants were not blind to
the participants' results at
study onset.

Clear issues related to the
measurement itself or to
method and setting for
outcome assessment.

There are issues
with the mea-
surement of the
outcome or
method that in-
dicate possible
differences be-
tween follow-up
and study onset.

Evidence that the
outcome measure-
ment is valid and
reliable.

General rule: contact
study authors if infor-
mation is unclear or
not reported in the
study to enable us to
assess bias. If unable
to obtain the required
information, bias cat-
egories should be cod-
ed as unclear.

Table 2. Risk of bias coding scheme

Publication

Participation

Attrition

Outcome measurement
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“First author (year)”  Rating: high, moderate, low, un- Rating: high, moderate, low, un-  Rating: high, moderate, low, unclear
clear clear
Description: description of what Description: description of what ~ Description: description of what the
the decision was based upon, or the decision was based upon, or  decision was based upon, or short
short reference to the reported short reference to the reported reference to the reported informa-
information, or both. information, or both. tion, or both.

“First author (year)” " " "

Appendix 4. GRADE assessment for judging overall quality of evidence

This table is adapted and modified from lorio 2015.

Domain

Description

Grade down Risk of bias

If most evidence is from studies with moderate or high risk of bias for most of
the bias domains

Inconsistency

If large I value, indicating significant heterogeneity

Unexplained heterogeneity or variability in results across studies, with differ-
ences in results that are not clinically meaningful

Indirectness

If the study sample or the outcomes in the study, or both, do not accurately re-
flect the population of interest, or the measured outcome does not capture
what is believed to be important

Imprecision

If there is no precise estimate of the effect size in the meta-analysis, and confi-
dence intervals are excessively wide, or they overlap with the value of no effect

Also, if there is imprecision across studies: few studies and insufficient sam-
ple size (< 100 cases reaching follow-up), or no justification provided for small
sample size

Publication bias

If indications of publication bias

Grade up Large prognostic effect

If moderate or large effect reported by most studies or in pooled findings in
the meta-analysis

Dose-response gradient

If gradient exists between studies for factors measured at different doses, or
an increase or decrease in events over time, which follows a well-defined pat-
tern (e.g. linear)

Appendix 5. Levels of quality
Table taken from Brignell 2022 and lorio 2015.

Quality level Definition
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(Continued)
High Very confident that the true prognostic effect lies close to that of the estimate.
Moderate Moderately confident that the true prognostic effect is likely to be close to the estimate, but there
is a possibility that it is substantially different.
Low Limited confidence in the estimate.
Very low Very little confidence in the estimate.
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