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H I G H L I G H T S

• Poor readers are at moderate risk for experiencing overall internalising problems.

• Poor readers are at greater risk for problems with anxiety than depression.

• Future research is needed to improve the quality of life for these poor readers.
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A B S T R A C T

Numerous studies have demonstrated an association between learning disabilities and internalising problems
such as anxiety and depression. However, our understanding of this association for people with specific types of
learning disability – such as poor reading – is poorly understood. Here, we present the first systematic review and
meta-analysis of studies that have examined associations between poor reading and internalising problems –
including anxiety and depression – in children, adolescents, and adults. Our systematic search identified 34
studies comprising 16,275 participants (N= 2491 poor readers). Our meta-analysis revealed statistically sig-
nificant differences between poor readers and typical readers on general measures of internalising problems
(d= 0.41), as well as specific measures of anxiety (d=0.41) and depression (d= 0.23). These outcomes suggest
that poor readers are at moderate risk for experiencing internalising problems compared to typical readers,
which appears to stem from a greater risk for anxiety than depression.

1. Introduction

1.1. Internalising problems, anxiety, and depression

Traditionally, “internalising” has been an umbrella term used to
refer to inwardly focused emotional problems that contrast with out-
wardly focused “externalising” behavioural problems (Achenbach,
1966; Achenbach & Edelbrock, 1978). Internalising problems include
numerous heterogeneous disorders such as anxiety, depression, trauma,
and dissociative disorders. Defining these disorders is complex. The
Diagnostic and Statistical Manual (DSM: now in its 5th edition; DSM-
5;American Psychiatric Association [APA], 2013) defines such disorders
based on clusters of symptoms that co-occur within a clinical popula-
tion, and a diagnosis is based on the number and duration of symptoms
that meet certain criteria. The DSM further categorises numerous sub-
types of internalising disorders (i.e., generalised anxiety, separation
anxiety, major depression), which are defined by constellations of

unique and overlapping internalising symptoms (i.e., worry, low mood,
withdrawal). In the current review, we focus on two of the most
common internalising disorders in modern western society - anxiety
and depression (Baxter, Scott, Vos, & Whiteford, 2012; Kessler, Chiu,
Demler, & Walters, 2005).

There are numerous subtypes of anxiety such as generalised anxiety,
separation anxiety, social anxiety, specific phobias, and panic disorder
(APA, 2013), as well as other types of anxiety such as trait anxiety, state
anxiety (Spielberger, Gorusch, Lushene, Vagg, & Jacobs, 1983), and test
anxiety (Beidel, 1988). These anxiety problems comprise general
symptoms of anxiety (i.e., avoidance, worry, physical symptoms) as
well as more specific and defining anxiety symptoms (i.e., fear of a
specific object). In terms of anxiety disorder subtypes, generalised an-
xiety is defined by pervasive worry in many areas for more days than
not, and is typically accompanied by physical symptoms and distress.
Separation anxiety is characterised by worry about separation from
parents or caregivers, distress at the time (or ahead of time) of
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separation, reassurance seeking, and sleep disturbance. For social an-
xiety, the symptoms are predominantly fear of negative evaluation in
social or performance situations, distress before or during the social
situation, and avoidance of situations where negative evaluation is
possible. Specific phobias are characterised by intense fear to a specific
object or situation that is avoided or endured with severe distress. Panic
disorder is defined by rapid and intense fear in the absence of an im-
mediate feared object or situation (APA, 2013). In terms of other types
of anxiety, state anxiety is defined as anxiety experienced at any given
moment, while trait anxiety is defined as a person's tendency to inter-
pret situations as threatening (Spielberger et al., 1983). Finally, test
anxiety is defined as excessive fear or worry surrounding test situations,
with particular worry about the consequences of performing poorly on
a test (Beidel, 1988). Research also suggests that fear of negative eva-
luation is a core feature of test anxiety, and this type of anxiety has also
been associated with generalised and social anxiety (Beidel & Turner,
1988; Bogels et al., 2010).

There are also numerous subtypes of depression such as major de-
pressive disorder, persistent depression disorder (previously termed
“dysthymia), and disruptive mood dysregulation disorder (APA, 2013).
Major depressive disorder is defined by feeling very down or sad, lack
of interest in previously enjoyed activities, change in appetite and
weight, poor sleep, slowed motor movements, lack of energy, and poor
concentration for more days than not - with these symptoms occurring
over a two-week period. Persistent depression disorder is defined by
similar symptoms but the symptoms occur for one year. Disruptive
mood dysregulation disorder is defined by anger or temper outbursts
that involve aggression towards another person for no good reason, the
outbursts occur three or more times per week for at least a full year, and
occur in different contexts such as home, school, or public places (APA,
2013).

Recent studies have shown that people with general learning dis-
abilities are at higher risk for these internalising problems compared to
the typical population (for a review, see Nelson & Harwood, 2011a,
2011b). However, it is not yet clear whether children with specific
learning disabilities – such as poor reading, poor spoken language, poor
attention – are at higher risk for certain types of internalising problems
(e.g., anxiety, depression) or certain subtypes of such problems (e.g.,
separation anxiety, major depression disorder). To start clarifying this
issue, this systematic review and meta-analysis examines the associa-
tions between one specific learning disability – poor reading – and two
types of internalising problems – anxiety and depression.

1.2. Poor readers

The reading abilities of 16% of children fall below the average range
for their age or grade, and 5% of children have significantly impaired
reading skills for their age (Shaywitz et al., 1995). These “poor readers”
have different kinds of reading problems, such as learning to read new
words using the grapheme-phoneme correspondence (GPC) rules (i.e.,
poor “phonological recoding”) or by recognising whole written words
from memory (i.e., poor “visual word recognition”). Poor readers may
also struggle to learn to read words fluently (i.e., poor “reading flu-
ency”) or with understanding the meaning of what they read (i.e., poor
“reading comprehension”; Stuart & Stainthorp, 2016). While a pro-
portion of poor readers present with just one of these reading problems
(e.g., “phonological dyslexia”, “surface dyslexia”, “poor compre-
henders”; McArthur et al., 2013; Nation, Cocksey, Taylor, & Bishop,
2010), the majority have a number of these reading problems (Castles &
Coltheart, 1993; Goulandris & Snowling, 1991).

1.3. Internalising problems in poor readers

As mentioned above, it is unclear if poor reading is associated with
an increased risk for internalising problems overall, or certain types or
subtypes of internalising problems more specifically. To date, some

studies have found that poor readers have more general internalising
problems than typical readers (Boetsch, Green, & Pennington; 1996;
Snowling, Muter, & Carroll, 2007), but others studies have not (Arnold
et al., 2005; Miller, Hynd, & Miller, 2005). Similarly, some studies have
found that poor readers have more problems with anxiety (Arnold et al.,
2005; Bonifacci, Montuschi, Lami, & Snowling, 2014; Goldston et al.,
2007) and depression than typical readers (Arnold et al., 2005; Daniel,
Walsh, Goldston, Arnold, Reboussin, & Wood, 2006; Maughan, Rowe,
Loeber, & Stouthamer-Loeber, 2003), while other studies have not
(Grills, Fletcher, Vaughn, Barth, Denton, & Stuebing, 2014; Martinez &
Semrud-Clikeman, 2004; Nelson & Gregg, 2012). Thus, there appears to
be considerable inconsistencies between studies investigating inter-
nalising problems for poor readers.

Within the scientific field of reading research, inconsistent findings
between studies about the characteristics of poor readers is typically a
red flag for heterogeneity. More specifically, these mixed results suggest
that only a proportion or “subgroup” of poor readers may have inter-
nalising problems. Thus, we propose eight potential moderators – six
theoretically important moderators and two methodologically im-
portant moderators – that may explain these inconsistent findings (see
Table S1 in Supplementary Materials for a more detailed rationale for
examining these moderators). One is anxiety disorder subtype because
there are numerous anxiety and depression disorders, and poor reading
might be associated with some disorder subtypes (e.g., social anxiety)
but not others (e.g., generalised anxiety). Another is poor reading
subtype since there are numerous reading problems (i.e., poor visual
word recognition, poor reading fluency) that may differentiate poor
readers with and without internalising problems. A third is attention
because poor attention is independently associated with both poor
reading (Willcutt & Pennington, 2013) and internalising problems
(Levy, Hay, Bennet, & McStephen, 2005), and research has shown that
some children with internalising problems and poor reading also have
problems with poor attention (Barbosa, Tannock, & Manassis, 2002;
Barriga et al., 2002; Grills-Taquechel, Fletcher, Vaughn, Denton, &
Taylor, 2013). A fourth is sex as females tend to experience more
problems with anxiety and depression than males (Bruce et al., 2005;
Mclean, Asnaani, Litz, & Hofmann, 2011). A fifth potential moderator is
age, since the prevalence of internalising disorders varies markedly
across childhood, adolescence, and adulthood (Ford, Goodman, &
Meltzer, 2003; Kessler et al., 2005). A sixth is ethnicity because some
ethnic minorities (i.e., Native American, Latino American, Asian
American, African American) experience higher rates of internalising
problems than European Americans (for a review see, Anderson &
Mayes, 2010), and within these groups research suggests that Latino
American youth in particular experience problems with anxiety
(Ginsburg & Silverman, 1996), and depression (Umana-Taylor &
Updegraff, 2007). A seventh is type of informant as information on
internalising problems can be gathered from young people, parents, and
teachers. Each informant offers a different perspective on the inter-
nalising difficulties experienced, and these reports can also be incon-
sistent particularly between children and parents (Grills & Ollendick,
2002; Safford, Kendall, Flannery-Schroeder, Webb, & Sommer, 2005).
The final potential moderator is type of internalising measure, because
clinical interviews (i.e., categorical measures) assess for the presence or
absence of an anxiety or depression disorder, while questionnaires (i.e.,
dimensional measures) assess for constellations of general internalising
symptoms (Krueger & Eaton, 2015).

1.4. The current study

To date, there have been two literature reviews of studies that have
tested poor readers for internalising problems (Maughan & Carroll,
2006; Mugnaini, Lassi, La Malfa, & Albertini, 2009). Mugnaini et al.
reviewed studies on general learning disabilities (including poor
reading) and general internalising problems (including anxiety and
depression) and examined whether attention and age influenced these
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associations. They found that poor readers of all ages are at risk for
internalising problems, that poor reading is specifically associated with
both anxiety and depression, and that poor readers with attention
problems are at higher risk for internalising problems than poor readers
without attention problems.

Maughan and Carroll (2006) reviewed three studies of poor reading
and anxiety (Arnold et al., 2005; Carroll et al., 2005; Carroll & Iles,
2006), and two studies of poor reading and depression (Arnold et al.,
2005; Carroll et al., 2005). Regarding the former, Carroll et al. found
that poor readers were at greater risk for generalised anxiety and se-
paration anxiety but not specific phobias, and that this increased risk
was not attributable to a shared association with inattention. Similarly,
Arnold et al. reported that adolescent poor readers experienced higher
rates of depression, trait anxiety, and somatic problems than controls,
and that this association was also not attributable to problems with
inattention. Finally, Carroll and Iles discovered that poor readers had
high state, trait, and social anxiety. In terms of depression, Carroll et al.
found no association between depression and poor reading, while Ar-
nold et al. found that poor reading was associated with self-reported
depression, which again was not attributable to poor attention. From
these findings, Maughan and Carroll suggested that poor readers are at
higher risk for anxiety than typical readers, and that this risk is not
explained by poor attention. However, the association between poor
reading and depression is less clear since one study found higher de-
pression in poor readers while another did not, and it is also possible
that this relationship may be moderated by problems with attention.

In their day, the reviews by Maughan and Carroll (2006) and
Mugnaini et al. (2009) provided important and formative synopses of
the existing evidence for the association between poor reading and
internalising problems. However, these reviews are now 12- and 8-
years-old respectively, and each synthesised the data using a narrative
analysis instead of a meta-analysis due to lack of studies. Further, these
reviews considered just one potential moderator of the association
bertween poor reading and anxiety and depression (i.e., inattention),
and neither reported the selection criteria for studies and hence cannot
be replicated. Given the limitations of these foundational reviews, the
primary goal of the current systematic review and meta-analysis was to
determine if there is a reliable association between poor reading and
internalising problems with acceptable heterogeneity between studies
(Aim 1), and if so, evaluate if this reliable association is moderated by
theoretical (i.e., anxiety disorder subtype, poor reading subtype, at-
tention subtype, sex, age, ethnicity) or methodological important
moderators (i.e., type of internalising measure, type of informant; Aim
2).

2. Method

This review was designed and reported in line with Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA;
Shamseer et al., 2015). The protocol for this review was published on
the international prospective register of systematic reviews (PROSP-
ERO; Reference: CRD42016049219, available from http://www.crd.
york.ac.uk/PROSPERO).

2.1. Eligibility criteria

2.1.1. Participants
This review included studies with “poor readers” who were children

aged 6–12 years, adolescents aged 13–18 years, and adults aged 18+
years. A person or group was considered to have poor reading if their
score or mean score on a reading test was (1) at least one standard
deviation below the average level for a person's age; (2) at least one
year below the average level for a person's school grade; (3) statistically
significantly lower than a score on an intelligence test; (4) statistically
significantly poorer than a typical reading control group. A person or
group was also considered to have poor reading if they met the

diagnostic criteria for reading problems specified in any edition of the
DSM, such as showing: (1) a specific difficulty in learning or using
academic skills specific to reading; (2) performance on a standardised
reading test that is significantly lower than the level of most students
the same age; (3) a reading difficulty that is apparent during the early
years of schooling; and (4) a reading difficulty that has no plausible
explanation such as intellectual disability or sensory impairment.

In keeping with most studies of poor reading, and the DSM criteria,
we only included studies where poor readers (1) had no known medical,
psychological, or neurological problem that might explain their reading
difficulty – with the exception of poor attention (see below); (2) had no
known general developmental or intellectual or learning delay – with
the exception of additional specific learning difficulties (i.e., mathe-
matical problems such as dyscalculia) or language problems (i.e., spe-
cific language impairment) since many poor readers experience pro-
blems in these areas, and many studies do not screen for these
additional learning difficulties; (3) spoke English as their primary lan-
guage - since some languages (i.e., transparent languages such as
Dutch) are easier to learn to read accurately than others (i.e., opaque
languages such as English; Patel, Snowling, & De Jong, 2004); and (4)
had been recruited based on reading test performance rather than self
report - since research suggests that some poor readers may under-re-
port reading difficulties (Snowling, Dawes, Nash, Hulme, 2012). As
mentioned above, we included studies of poor readers with attention
problems - since we wished to ascertain if this was a moderating factor.
We recorded if scores on tests of inattention, hyperactivity, or the two
combined were (1) if were significantly higher than a control group, (2)
at least one standard deviation above the average range compared to
age or grade norms, or (3) met criteria according to the DSM of any
edition.

2.1.2. Reading data
We included studies that reported reading test data for poor pho-

nological recoding (i.e., letter-sound identification, nonword reading
accuracy), visual word recognition (i.e., sight word or irregular word
reading accuracy), reading fluency (i.e., nonword or sight word flu-
ency), and reading comprehension (i.e., understanding the meaning of
text). Studies that only included data for poor reading comprehension
were excluded since poor reading comprehension can stem from a
problem with spoken language rather than a reading difficulty per se
(Oakhill, Cain, & Bryant, 2003). However, we did include studies of
poor readers with poor reading comprehension who also showed evi-
dence of poor phonological recoding, visual word recognition, or
reading fluency.

2.1.3. Internalising, anxiety, and depression data
We included studies that measured these disorders using clinical

interviews or questionnaires that provided a mean raw or standardised
score for general internalising symptoms (i.e., emotional distress,
composite measure of anxiety and depression), anxiety symptoms (i.e.,
worry, state or trait anxiety) or anxiety disorder subtypes (i.e., gen-
eralised anxiety disorder), or depression symptoms (i.e., sadness) or
depression disorder subtypes (i.e., major depression disorder). We
considered a group of poor readers to have higher internalising pro-
blems if their mean raw or standardised score on the clinical interview
or questionnaire was significantly higher than a (1) control group, (2)
clinical cut-off point, or (3) the average level for a person's age ac-
cording to normative data. We also considered poor readers to have
higher internalising problems if they met criteria for a diagnosis of an
anxiety or depression disorder (DSM any edition).

2.1.4. Exclusionary criteria
We excluded studies that (1) reported single case studies because

effect sizes from case studies can have a disproportionate effect on
mean effect sizes compared to group studies; (2) reported data in dis-
sertations if the same data was presented in a peer reviewed paper; (3)
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did not report reading test scores, which precluded us from determining
whether or not poor readers' met our inclusion criteria; (4) reported
composite measures of internalising and externalising problems; and
(5) reported data from the same population in separate publications. In
the last instance, we included the study with the largest sample size to
maximise power for our analysis.

2.1.5. Information sources
We ran the searches for this review in July 2016 and August 2018.

In July 2016, we used PsycINFO (Ovid, 1860 to July 2016), MEDLINE
(Ovid, 1902 July 2016), EMBASE (Ovid, 1902 July 2016), WILEY,
PubMed, Google Scholar, and PsycEXTRA for all available years. In
August 2018, we used PsycINFO (Ovid, July 2016 to August 2018),
MEDLINE (Ovid, July 2016 to August 2018), EMBASE (Ovid, July 2016
to August 2018), WILEY (July 2016 to August 2018), PubMed (July
2016 to August 2018), PsycEXTRA (July 2016 to August 2018), and
Google Scholar for all available years. The searches were limited to
human participants and studies published in English. The search
strategy was adapted to meet the truncation and Boolean operations of
each database. The following search strategy, which was conducted in
PsycINFO, is provided as an example: “dyslexi$.tw or reading adj1
(disord$ or impair$ or defict$ or delay$ or dysfunction$ or achieve-
ment$ or difficult$ or problem$) or (poor adj1 (read$ or literacy)) or
(specific adj1 learning dis$) AND (anxi$.tw or depress$.tw or psycho-
social or internali?ing or psych$ comorbid$ or suicide$”). The list of
full search terms is provided in Appendix A.

2.1.6. Study selection
We screened the studies in six steps, using the SysRev program for

data management to organise and screen the citations. In Step 1, we
developed an initial set of search terms. DF (first author) developed the
search terms in consultation with reading and emotional health experts,
and refined the search terms through the iterative search strategy
shown in Fig. 1. In Step 2, we entered the search terms into the data-
bases. DF conducted the searches and retrieved all articles to be re-
viewed. In Step 3, we retrieved the studies and screened the title and
abstract of all studies. Two reviewers (DF and GM [fourth author]) read
the title and abstract of all studies. The reviewers accepted any study
that appeared to measure the association between poor reading and
internalising, anxiety, or depression based on the information provided
in the title and abstract, and rejected any study that clearly did not. The
reviewers were blind to the journal titles, study authors, institutions,
and publication status.

In Step 4, DF downloaded the full-text portable-document-format
(PDF) files from the world wide web (www) for studies that were ac-
cepted by both reviewers, as well as studies that were accepted by one
reviewer but rejected by the other. If a PDF of a study could not be
found on the www, a request was made through Macquarie University
Library resources, or by contacting the corresponding author of the
paper in question. If there was no response from the corresponding
author then we contacted the co-author. The study was excluded if the
full-text could not be retrieved. DF and GM examined the full text PDFs
of studies retrieved in Step 4. A study was accepted if it met the
aforementioned inclusion and exclusion criteria, and rejected if it did
not. All decisions were recorded in an excel spreadsheet. DF compared
the decisions made by the two reviewers for the accepted and rejected
studies. Studies accepted by one review but rejected by the other were
discussed between the two reviewers to reach a joint decision regarding
inclusion. The studies that were accepted by both reviewers were in-
cluded in the review.

In Step 5, we identified the number of studies that measured in-
ternalising problems, anxiety, or depression in poor readers (for pre-
cision; see Fig. 1), and the number of studies that did not measure in-
ternalising problems, anxiety, or depression in poor readers (i.e., for
specificity; see Fig. 1). DF compared the accepted and rejected studies
from the two reviewers.

In Step 6, we screened the reference lists of the identified studies to
determine if we had missed any critical studies with the search terms
(i.e., sensitivity). We identified 13 missed studies (Aman, 1979;
Boetsch, 1997; Chapman, Tunmer, & Prochnow, 2004; Daniel et al.,
2006; Hughes et al., 2013; MacPhail, 2013; Martinez & Semrud-
Clikeman, 2004; McGee, Williams, Share, Anderson, & Silva, 1986;
Mercer, 2005; Murray, 1978; Sanson, Prior, & Smart, 1996;
Scarborough & Parker, 2003; Snowling et al., 2007). We therefore in-
stigated a reiterative process whereby we revised the search terms and
repeated Steps 1 to 6 to see if we could capture these studies. In the first
reiterative phase, we captured 9 of the 13 missing studies. In the second
reiterative phase, we captured all 13 of the missing studies (see Fig. 1).

2.1.7. Data extraction
The data items extracted from each included study are displayed in

Table 1. DF independently recorded the data in a customised excel data
extraction form, and a second reviewer (NC; the second author) in-
dependently read the selected studies and checked the data for accu-
racy. There were no major discrepancies between the two reviewers. In
all cases, DF and NC discussed the discrepancies with careful reference
to the original article and a final decision was made. In terms of missing
data, we contacted the corresponding author to request the data. If
there was no response from the author in question, the co-author was
contacted. If there was no response from either author, or the data was
unavailable, then the study was excluded from the systematic review
and meta-analysis.

2.1.8. Appraisal of methodological quality
Two reviewers (DF and NC) independently assessed methodological

quality and risk of bias for all studies included in this review using a
modified cross-sectional rating scale of the Newcastle-Ottawa Scale
(NOS; Wells et al., 1996). The NOS is recommended by the Cochrane
Collaboration to evaluate risk of bias for non-randomised trials (Higgins
& Green, 2008). The scale comprises eight multiple-choice questions
that were tailored to the characteristics of the studies included in this
review. The two reviewers rated the risk of bias for each outcome (i.e.,
internalising problems, anxiety, depression) according to the following
criteria: (1) selection of groups, which assessed the representativeness
and characteristics of the sample; (2) exposure, which assessed the
comparability of participants and level of control; and (3) outcome,
which assessed the quality of the outcomes and the statistical analysis
of the outcomes. A maximum of nine points were assigned per study per
outcome. These ratings were: low risk of bias (7 to 9 points); moderate
risk of bias (4 to 6 points); and high risk of bias (0 to 3 points). In other
words, low scores indicated high risk of bias. A priori, we decided that
studies with low and moderate risk of bias would be included in the
meta-analysis, and studies with high risk of bias would be excluded
from the meta-analysis. There was moderate agreement between the
two reviewers on the risk of bias ratings (kappa=0.44), and any dis-
crepancies were satisfied upon discussion between the two reviewers
and reference to the original study.

2.1.9. Data analysis
The results of the individual studies measuring the relationship

between poor reading and internalising problems, anxiety, and de-
pression were meta-analysed using the Comprehensive Meta-Analysis
program (Borenstein, Hedges, Higgins, & Rothstein, 2006). We calcu-
lated Cohen's d effect sizes using the means and standard deviations for
each outcome for the poor reading and control groups. If the means and
standard deviations were not reported, we used the procedures of the
Comprehensive Meta-Analysis program to calculate the effect size using
the available data (i.e., odds ratios or proportions). If the study did not
report an appropriate control group, and a standardised test with nor-
mative data was administered, we imputed the normative data (i.e., St
Sc., M= 100, SD= 15) and sample size of the normative population in
the analysis. Hedges g was also calculated in an attempt to correct for
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small sample sizes (Hedges & Olkin, 1985). However, because the va-
lues of g and d were almost identical, we only reported Cohen's d as it is
regularly reported in meta-analyses (Higgins & Green, 2008). Positive
effect sizes were interpreted as showing higher internalising problems,
anxiety, or depression for poor readers compared to controls, and

Cohen's d was interpreted as small (0.30), moderate (0.50), and large
(0.80; Cohen, 1988).

We expected considerable heterogeneity between studies because of
methodological differences between the studies included in this review
(i.e., the studies adopted different criteria and administered different

Fig. 1. The reiterative search strategy process.

Table 1
Category, name, and description of the data extracted from each study.

Category Name Description

Source Citation Author, publication year, title, journal
Publication type Journal article, dissertation, “other” unpublished work

Eligibility Inclusion criteria Recruitment criteria and any neurological/medical/psychological comorbidities
Exclusion criteria Record why the study was excluded

Participants Study design Longitudinal, cross-sectional, case-control, correlation
Sample size Total and group sample sizes
Poor reading Criteria used to define reading ability of the groups
Age and grade Range, mean (M), standard deviation (SD) of the groups
Sex Number of females and males in each group
Type of school Public, private, learning specialist, university
Ethnicity Division of ethnicity for the groups
Sociodemographic status Highest level of education (adult participants), or mother and father education, or household income (child participants)
Intelligence Test scores from intelligence assessment

Reading Tests Tests used to measure reading ability
Impaired M, SD, and effect sizes on tests showing impairment
Unimpaired M, SD, and effect sizes on reading tests not showing impairment

Internalising Tests Tests used to measure internalising problem
Internalising problem Type of internalising, anxiety, or depression
Subtype The subtype measured (e.g., generalised anxiety, major depression)
Informant Self-, parent-, or teacher report
Criteria Criteria used to define internalising problems (i.e., clinical cut off score or normative data)
Impaired M, SD, and effect sizes on tests showing impairment
Spared M, SD, and effect sizes on reading tests not showing impairment
Type of measure Questionnaire or clinical interview

Theory Quotes Quotes and theoretical motivation for the study
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tests to measure reading and internalising problems in poor readers).
Therefore, we planned to use a random effects model that accom-
modates the variation in effect sizes between studies (Borenstein et al.,
2006). As a test of heterogeneity, we also calculated the I2 statistic. We
interpreted I2 as showing no heterogeneity (0%), low heterogeneity
(25%), moderate heterogeneity (50%), and high heterogeneity (75%;
Higgins, Thompson, Deeks, & Altman, 2003).

In some studies, more than one test was administered to measure
internalising problems, anxiety, or depression. For studies that reported
data for multiple tests per outcome, we (1) calculated Cohen's d for each
test; and (2) calculated an average Cohen's d for each outcome. Thus,
there was one overall effect size for each sample in each study that
measured internalising problems, anxiety, or depression. For long-
itudinal studies that reported outcome data across multiple time points,
we calculated Cohen's d using the earliest time point at which poor
reading and internalising problems, anxiety, or depression were mea-
sured concurrently. This procedure was followed to counteract the ef-
fect of any intervention on the outcomes. Finally, some studies included
data for multiple groups of poor readers. In some of these studies, these
groups were compared to one control group. In these cases, we com-
bined the average data of all the poor reading groups and calculated the
average Cohen's d for each outcome. In other studies, each group of
poor readers had its own control group. In these cases, we considered
the poor reading group and the respective control group as a single
study. These procedures were followed to prevent violating the as-
sumption of independent data points, where greater weight is assigned
to studies with multiple effect sizes (Lipsey & Wilson, 2001).

Publication bias was assessed for each outcome by visually in-
specting the funnel plots, examining Egger's test (Egger, Davey Smith,
Schneider, & Minder, 1997), and following the trim and fill procedure
(Duval & Tweedie, 2000). The funnel plot displays the standard error on
the y-axis, and the standardised mean difference on the x-axis. Egger's
test determines the asymmetry of the funnel plot. And the trim and fill
procedure estimates the number of missing studies (“trim”), computes
artificial studies to add to the funnel plot (“fill”), and produces an un-
biased estimate of the effect.

We also planned to use a series of subgroup analyses to determine if
any statistically reliable association with acceptable heterogeneity was
moderated by any of the eight variables outlined in the Introduction.
This analysis was only planned if there were 10 or more studies per
moderator. If this was not possible due to insufficient data, a narrative
synthesis of the results was planned instead.

2.1.10. Coding of internalising problems
We extracted data for each study that measured poor reading and

general internalising problems (i.e., combined anxiety and depression,
general internalising problems), anxiety symptoms and disorders (i.e.,
overall anxiety; generalised anxiety), and depression symptoms and
disorders (i.e., sadness; major depression disorder).

2.1.11. Coding of moderators
2.1.11.1. Anxiety disorder subtype. Studies were separated into five
groups based on the anxiety disorder subtype, including (1)
generalised anxiety; (2) separation anxiety; (3) social anxiety; (4)
specific phobias; and (5) panic disorder. It is noteworthy, that while
this review includes studies of general anxiety, trait anxiety, state
anxiety, and test anxiety, these types of anxiety are not considered to be
disorders according to the DSM-5, and hence were not included as
subgroups of anxiety disorder subtype.

2.1.11.2. Depression disorder subtype. Studies were separated into three
groups based on the depression disorder subtype examined, including
(1) major depression disorder, (2) persistent depression disorder; and
(3) disruptive mood dysregulation disorder.

2.1.11.3. Poor reading subtype. Studies were separated into four groups

based on the type of reading problem: (1) phonological recoding; (2)
visual word recognition; (3) reading fluency; and (4) mixed poor
reading (i.e., any combination of 1 to 3).

2.1.11.4. Attention subtype. Studies were separated into three groups
based on the type of attention problems that poor readers experienced:
(1) inattention, defined by difficulty maintaining attention, short
attention span, and distractibility; (2) hyperactivity, defined by
impulsivity and difficulty regulating attention; and (3) combined
attention problems, defined by difficulties with inattention and
hyperactivity.

2.1.11.5. Sex. Studies were separated into three groups based on
differences between the numbers of males (M) and females (F) in the
sample: (1)> 10 males than females (M > F);> 10 females than
males (F > M); and (3) equal numbers of males and females
(M=F). We used 10 as a minimum difference between sexes since it
ensured a substantial imbalance in the number of males and females in
the samples included in this review.

2.1.11.6. Age. Studies were separated into three groups based on the
age of participants: (1) children aged 6 to 12 years; (2) adolescents aged
13 to 18 years; (3) adults aged 18 years and above; and (4) mixed age,
comprising any combination of 1 to 3.

2.1.11.7. Ethnicity. Studies were separated into four groups based on
the number of participants identified as (1)> 60% of the sample were
Caucasian; (2)> 60% of the sample were African-American; (3)> 60%
of the sample were Hispanic; and (4) there were mixed ethnicities
reported in the sample (i.e., any combination of 1 to 3).

2.1.11.8. Type of informant. Studies were separated into four groups
based on the informant, including (1) self-reports, where the individual
reports on their own internalising problems; (2) parent-reports, where
the parent reports on their child or adolescent's internalising problems;
(3) teacher-reports, where the teacher reports on a child or adolescent's
internalising problems; and (4) multi-informant reports, where a
combination of 1 to 3 was administered.

2.1.11.9. Type of internalising measure. Studies were separated into two
groups based on the type of measure administered, including (1)
questionnaires that assess for general internalising symptoms, and (2)
clinical interviews that assess for the presence or absence of anxiety or
depression disorders.

3. Results

3.1. Study selection

In the initial search in July 2016, our search identified a total of
5058 articles. Having removed 1448 duplicates, we screened the titles
and abstracts of the remaining 3610 articles against the inclusion cri-
teria. We identified 283 potentially relevant articles, and excluded 3327
articles as irrelevant. We excluded a further 250 articles. One of these
articles included four separate studies (Boetsch et al., 1996), which
were included as four separate studies (Boetsch et al., 1996a; 1996b;
1996c; 1996d). This left us with 30 studies from 27 articles.

In the search in August 2018, our search identified a total of 1272
articles. We removed 101 duplicates, leaving us with 1171 titles and
abstracts to compare against the inclusion criteria. We excluded 1143
articles, leaving 28 potentially relevant articles. We excluded a further
25 articles. This left us with three articles. One of these articles (Wu,
2018) included two separate studies, which were included as two se-
parate studies (Wu, 2018a; 2018b). Considered together, the July 2016
and August 2018 searches left us with 34 studies in total from 30 ar-
ticles (see Fig. 2 for the articles identified from the searches).
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3.2. Risk of bias within studies

Two authors, DF and NC, independently evaluated the 34 studies
included in this review for risk of bias. Sixty-seven risk of bias ratings
were assigned, and the ratings ranged from moderate to low risk of bias
(see Table 2 for the risk of bias ratings for each study). The 34 studies
included in this review ranged from low to moderate risk of bias and no
study was excluded for high risk of bias.

3.3. Study characteristics

The characteristics of the 34 studies included in this review are
shown in Appendix C. Of these, 25 studies were conducted in the US
(82%), 5 in Europe (14%), and 3 in New Zealand and 1 in Australia
(11%). There were 8 longitudinal studies, 24 cross-sectional studies,
and 2 treatment studies. There were 25 journal articles and 5 dis-
sertations. Some studies tested poor readers for more than one type of

internalising problem. For example, there were 14 studies comprising
12,092 participants (n= 1147 poor readers) that measured general
internalising problems in poor readers. There were 22 studies com-
prising 11,372 participants (n= 1732 poor readers) that measured
anxiety in poor readers. There were 23 studies comprising 10,714
participants (n= 1950 poor readers) that measured depression in poor
readers. Table 3 summarises the size of the effects between poor
reading and control groups for each of these general internalising
problems, anxiety, and depression. In terms of the measures adminis-
tered, most studies assessed internalising problems, anxiety, and de-
pression using questionnaires rather than clinical interviews (with the
exception of three studies: Carroll et al., 2005; Willcutt et al., 2013; Wu,
2018). There were numerous questionnaires administered. The most
common measure of general internalising problems was the Child Be-
haviour Checklist (CBCL; Achenbach, 1991), which was administered in
7 of 14 internalising studies (Arnold et al., 2005; Boetsch et al., 1996;
Chapman et al., 2004; Scarborough & Parker, 2003; Tomblin et al.,

Fig. 2. The study selection process showing the number of studies retrieved, excluded, and included in the meta-analysis.
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2000; Wu, 2018). The three most common measures of anxiety were the
State-Trait Anxiety Inventory (STAI; Spielberger et al., 1983; Arnold
et al., 2005; Carroll & Iles, 2006; Hoy, 1997), the Multidimensional
Anxiety Scale for Children (MASC; March 1997; Grills et al., 2014;
Mercer, 2005; Murray, 1978), and the CBCL (Arnold et al., 2005;
Chapman et al., 2004; Wu, 2018) – each administered in three anxiety
studies. The most common measure of depression was the Child De-
pression Inventory (CDI; Kovacs, 1992), which was administered in 5 of
23 depression studies (Boetsch et al., 1996c; Boetsch et al., 1996d;
Boetsch, 1997; Hughes, 2013; Miller et al., 2005). It is important to note
that different measures were used to measure these internalising pro-
blems, and these differences can make comparisons between studies
difficult, which we consider further in the Discussion.

3.4. Participant characteristics

In studies that reported age, the mean age of poor readers was
15.07 years. Most studies included samples of both male and female
participants, but the total proportion of poor readers included more
male (68.37%) than female participants (31.62%). Few studies reported
the ethnicity of participants included in their sample. For studies that
did report this information, studies recruited poor readers who were
mostly Caucasian (35.30% of included studies), African-American
(5.88% of included studies), Hispanic (2.94% of included studies), or
mixed ethnicity (8.82% of included studies). It is difficult to determine
whether any ethnic groups were underrepresented in the included

studies, as 16 of 34 studies (48.05%) failed to report ethnicity of the
sample. As defined by the Eligibility Criteria, all studies included in this
review recruited participants with English as their primary language.

3.5. Meta-analysis of the association between poor reading and internalising
problems

3.5.1. Main analysis
Fourteen included studies provided data on the association between

poor reading and internalising problems. Fig. 3 shows the 14 effect sizes
from 14 studies comparing the standardised mean difference and 95%
CIs between poor reading and control groups on measures of inter-
nalising problems (n poor reading groups= 14, sample size= 1147,
mean sample size= 81.93; n control groups= 14, total sample
size= 10,945, mean sample size= 781.79). The overall effect was
positive, moderate, and statistically significant (d=0.41), 95% CI
[0.31, 0.51], p < 0.001, and low heterogeneity was also present
I2= 35.07%, Q (13)= 20.02, p > 0.05.

3.5.2. Subgroup analysis
We could not conduct any of the planned subgroup analyses because

there were fewer than 10 studies per subgroup, precluding any reliable
comparison of effect sizes between subgroups for each potential mod-
erator. The studies that examined the association between poor reading
and internalising problems, and the number of studies examining each
moderator are shown in Table S2 in the Supplementary Materials. We

Table 3
The standardised mean difference (Cohen's d) and 95% confidence intervals (95% CI) for poor reading (PR) and control (C) groups for included studies that measured
the association between poor reading and internalising problems, anxiety, or depression.

Study N Anxiety Depression Internalising

Cohen's d 95% CI Cohen's d 95% CI Cohen's d 95% CI

PR C Lower Upper Lower Upper Lower Upper

Aman, 1979 28 28 0.59⁎ 0.06 1.11
Arnold, 2005 94 94 0.45⁎ 0.15 0.73 0.51⁎⁎ 0.21 0.80 0.19 −0.09 0.48
Boetsch, 1997 28 38 0.38 −0.11 0.87
Boetsch, 1996a 18 18 0.46 −0.20 1.122 0.88⁎ 0.19 1.56
Boetsch, 1996b 70 67 −0.51⁎ −0.84 −0.16
Boetsch, 1996c 26 26 −0.25 −0.80 0.31 0.52 −0.03 1.07
Boetsch, 1996d 98 118 −0.01 −0.27 0.26
Carroll, 2005 289 5463 0.59⁎ 0.14 1.02 0.08 −0.32 0.48 0.45⁎⁎ 0.33 0.57
Carroll, 2006 16 16 1.35⁎ 0.56 2.15
Chapman, 2004 38 55 0.21 −0.20 0.62 0.70⁎⁎ 0.27 1.13 0.40 −0.01 0.82
Daniel, 2006 94 94 0.52⁎ 0.09 0.95
Davis, 2017 22 21 0.86⁎ 0.24 1.49
Grills, 2014 73 31 −0.07 −0.49 0.34
Hoy, 1997 184 140 0.16 0.61 0.50 0.28⁎⁎ 0.72
Hughes, 2013 19 21 0.43 −0.20 1.05
MacPhail, 2013 58 67 0.20 −0.15 0.55
Martinez, 2004 30 30 0.14 −0.37 0.64 0.39 −0.11 0.90 0.33 −0.17 0.84
Maughan, 2003 134 1282 0.61⁎⁎ 0.27 0.94
McGee, 1986 40 436 0.46 −0.01 0.93
Mercer, 2005 25 56 −0.15 −0.62 0.32 −0.20 −0.67 0.26
Miller, 2005 20 59 0.41 −0.06 0.90 0.18 −0.30 0.66 −0.06 −0.55 0.41
Murray, 1978 104 104 0.21 −0.06 0.48 −0.30⁎ −0.57 −0.02
Nelson, 2017 110 110 −0.02 −0.28 0.25 0.23 −0.04 0.49
Nelson, 2015 50 50 0.41⁎ 0.02 0.81
Nelson, 2012 90 60 0.11 −0.21 0.44 −0.09 −0.41 0.23
Pierce, 2013 47 1983 0.91⁎⁎ 0.62 0.20 0.61⁎⁎ 0.32 0.90
Plaisance, 1994 50 58 0.88⁎⁎ 0.48 1.27 0.56⁎ 0.18 0.95
Sanson, 1996 232 42 0.97⁎⁎ 0.57 1.37
Scarborough, 2003 44 28 0.35 −0.24 0.93
Snowling, 2007 21 17 0.86⁎ 0.18 1.53
Tomblin, 2000 174 2368 0.35⁎⁎ 0.19 0.50
Willcutt, 2013 429 419 0.52⁎⁎ 0.21 0.81 0.93⁎⁎ 0.49 1.37 0.56⁎⁎ 0.40 0.72
Wu, 2018a 9 141 −0.25 −0.93 0.42 −0.01 −0.68 0.67 0.59 −0.09 1.27
Wu, 2018b 121 244 0.44⁎ 0.22 0.66 0.32⁎ 0.09 0.54 0.11 −0.01 0.42

⁎ < 0.05.
⁎⁎ < 0.001.
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provide a narrative analysis of the evidence for the studies representing
these moderators in the Discussion.

3.5.3. Meta-analysis of the association between poor reading and anxiety
3.5.3.1. Main analysis. Twenty-two included studies provided data
regarding the association between poor reading and anxiety. Fig. 4
shows the 22 effect sizes comparing the standardised mean difference
and 95% CIs between poor reading and control groups on measures of
anxiety (n poor reading groups= 22, sample size= 1732, mean sample
size= 78.73; n control groups= 22, sample size= 9640, mean sample
size= 438.18). The overall effect was moderate, positive, and
statistically significant (d= 0.41), 95% CI [0.26, 0.55], p≤ 0.001,
and there was also evidence for moderate heterogeneity, I2= 68.39%,
Q (21)= 66.43, p < 0.001.

3.5.3.2. Subgroup analyses. It was not possible to conduct any of the
planned subgroup analyses because there were fewer than 10 studies
per subgroup for each moderator. The studies that examined the
association between poor reading and anxiety, and the number of
studies examining each moderator variable are shown in Table S3 in the

Supplementary Materials. Again, we provide a narrative synthesis of the
evidence for these moderators on the relationship between poor reading
and anxiety in the Discussion.

3.5.3.3. Meta-analysis of the association between poor reading and
depression

3.5.3.3.1. Main analysis. Twenty-three included studies provided
data on the association between poor reading and depression that were
included in the meta-analysis. Fig. 5 shows the 23 effect sizes
comparing the standardised mean difference and 95% CIs between
poor reading and control groups on measures of depression (n poor
reading groups= 23, sample size= 1950, mean sample size= 84.78; n
control groups= 23, sample size= 8764, mean sample size= 381.04).
The overall effect was very small but significant (d=0.23), 95% CI
[0.07, 0.37], p < 0.05, and there was also evidence for high and
significant heterogeneity, I2= 74.51, Q (22)= 86.33, p < 0.001.

3.5.3.3.2. Subgroup analyses. We could not carry out the planned
subgroup analyses on the potential moderators of the association
between poor reading and depression because the small mean effect
size, though statistically significant, was associated with high and

Study name Outcome Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Arnold, 2005 0.195 Internalising 0.146 0.021 -0.092 0.481 1.332 0.183
Boetsch, 1996a 0.881 Internalising 0.349 0.122 0.197 1.566 2.525 0.012
Boetsch, 1996c 0.523 Internalising 0.282 0.080 -0.030 1.076 1.854 0.064
Carroll, 2005 0.454 Combined 0.061 0.004 0.335 0.572 7.497 0.000
Chapman, 2004 0.371 Combined 0.213 0.045 -0.046 0.788 1.743 0.081
Martinez, 2004 0.259 Combined 0.259 0.067 -0.250 0.767 0.997 0.319
Miller, 2005 -0.069 Combined 0.245 0.060 -0.549 0.410 -0.284 0.777
Pierce, 2013 0.610 Internalising 0.148 0.022 0.320 0.900 4.123 0.000
Scarborough, 2003 0.347 Internalising 0.299 0.090 -0.240 0.934 1.158 0.247
Snowling, 2007 0.859 Combined 0.343 0.118 0.186 1.532 2.502 0.012
Tomblin, 2000 0.349 Internalising 0.079 0.006 0.194 0.503 4.431 0.000
Willcutt, 2013 0.562 Internalising 0.082 0.007 0.401 0.723 6.826 0.000
Wu, 2018a 0.591 Combined 0.347 0.120 -0.090 1.271 1.702 0.089
Wu, 2018b 0.207 Combined 0.111 0.012 -0.012 0.425 1.856 0.064

0.406 0.051 0.003 0.307 0.505 8.031 0.000

-2.00 -1.00 0.00 1.00 2.00

Controls Poor Readers

Internalising

Fig. 3. Random effects forest plot showing the standardised mean difference and 95% CIs for each study on the association between poor reading and general
internalising problems.

Study name Outcome Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Aman, 1979 0.587 Anxiety 0.267 0.071 0.064 1.110 2.199 0.028
Arnold, 2005 0.446 Combined 0.148 0.022 0.157 0.736 3.019 0.003
Carroll, 2005 0.586 Combined 0.225 0.051 0.144 1.027 2.601 0.009
Carroll, 2006 1.353 Combined 0.405 0.164 0.559 2.147 3.341 0.001
Chapman, 2004 0.086 Anxiety 0.211 0.045 -0.328 0.500 0.407 0.684
Davis, 2017 0.868 Anxiety 0.319 0.102 0.243 1.494 2.721 0.007
Grills, 2014 -0.075 Combined 0.215 0.046 -0.496 0.345 -0.351 0.725
Hoy, 1997 0.389 Combined 0.114 0.013 0.165 0.612 3.412 0.001
Martinez, 2004 -0.029 Anxiety 0.258 0.067 -0.535 0.477 -0.112 0.911
McGee, 1996 0.462 Combined 0.240 0.058 -0.010 0.933 1.920 0.055
Mercer, 2005 -0.148 Anxiety 0.241 0.058 -0.620 0.324 -0.614 0.540
Miller, 2005 0.416 Anxiety 0.247 0.061 -0.068 0.900 1.686 0.092
Murray, 1978 0.325 Combined 0.140 0.020 0.051 0.599 2.327 0.020
Nelson, 2012 0.114 Anxiety 0.167 0.028 -0.213 0.441 0.685 0.494
Nelson, 2015 0.414 Combined 0.203 0.041 0.017 0.811 2.045 0.041
Nelson, 2017 -0.018 Anxiety 0.135 0.018 -0.282 0.247 -0.132 0.895
Pierce, 2013 0.909 Anxiety 0.148 0.022 0.618 1.199 6.129 0.000
Plaisance, 1986 0.878 Combined 0.203 0.041 0.480 1.276 4.325 0.000
Sanson,1996 0.973 Combined 0.204 0.042 0.573 1.373 4.770 0.000
Willcutt, 2013 0.516 Anxiety 0.153 0.023 0.217 0.816 3.379 0.001
Wu, 2018a -0.252 Anxiety 0.344 0.118 -0.926 0.423 -0.731 0.465
Wu,2018b 0.442 Anxiety 0.112 0.013 0.221 0.662 3.930 0.000

0.407 0.072 0.005 0.265 0.548 5.620 0.000
-2.00 -1.00 0.00 1.00 2.00

Controls Poor Readers

Anxiety

Fig. 4. Random effects forest plot showing the standardised mean difference and 95% Cis for each study on the association between poor reading and anxiety.
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significant heterogeneity found between studies.

3.5.4. Risk of bias across studies: publication bias
We evaluated the likelihood of publication bias by visually in-

specting the random effects funnel plots for studies that measured the
association between poor reading and general internalising problems,
anxiety, and depression, with the standard error plotted on the y-axis
and the standardised mean difference plotted on the x-axis (see Fig. 6).
The funnel plots showed symmetry, and evaluation of Egger's test
showed that publication bias was not present for internalising pro-
blems, t (12)= 0.05, p > 0.05, 95% CI [−1.42, 1.35], anxiety, t
(20)= 0.25, p > 0.05, 95% CI [−2.22, 2.85], or depression, t
(21)= 0.10, p > 0.05, 95% CI [−2.69, 2.98]. This suggests that there
was no systematic difference between studies that found stronger and
weaker associations between poor reading and internalising problems,
anxiety, or depression.

4. Discussion

The primary goal of this systematic review and meta-analysis was to
determine if there were reliable associations between poor reading and
internalising problems, anxiety, and depression (Aim 1), and if so, ex-
amine if any association was moderated by theoretical (i.e., anxiety
disorder subtype, poor reading subtype, attention subtype, sex, age,
ethnicity) or methodological moderators (i.e., type of internalising
measure, type of informant; Aim 2). Below, we use the outcomes of the
meta-analysis to evaluate the association between poor reading and
internalising problems, poor reading and anxiety, and poor reading and
depression, respectively. We also offer a narrative discussion of the
moderators evaluated in this review, discuss the clinical and theoretical
implications of these outcomes, as well as discuss the potential limita-
tions of the current review. We offer suggestions for how these lim-
itations might be addressed by future research.

4.1. Poor reading and internalising problems

Although based on a relatively small number of studies (n=14), the
results of the meta-analysis revealed a statistically significant and
moderate association between poor reading and internalising problems,
with moderate heterogeneity between studies. These results suggest
that poor readers may, on average, experience elevated internalising

problems compared to people without reading difficulties. Our results
are consistent with the previous narrative reviews that examined as-
sociations between general learning disabilities (including poor
reading) and internalising problems (including anxiety and depression;
Maughan & Carroll, 2006; Mugnaini et al., 2009). Together, the out-
comes of these reviews suggest that poor readers, on average, are at
increased risk for experiencing overall general internalising problems.

4.2. Poor reading and anxiety

Again based on a small number of studies (n= 22), we found a
statistically-significant and moderate association between poor reading
and anxiety, with moderate heterogeneity between studies. Similar to
the outcomes for general internalising problems, these results indicated
that poor readers experience greater problems with anxiety than typical
readers. This is again consistent with the previous narrative reviews in
this field, which found that poor readers of all ages are at higher risk for
anxiety than typical readers (Mugnaini et al., 2009), and that poor
readers are also at risk of anxiety independent of problems with poor
attention (Maughan & Carroll, 2006).

4.3. Poor reading and depression

The association between poor reading and depression was also
based on a small number of studies (n= 23). The results of the meta-
analysis revealed a small but statistically significant association be-
tween poor reading and depression that was associated with high het-
erogeneity between studies. This finding suggests that the association
between poor reading and depression is less reliable and more complex
than the association between poor reading and internalising problems
or anxiety. It also suggests that the moderate and reliable association
between poor reading and internalising problems (d=0.41,
p < 0.001, I2= 35.07%) may more closely reflect the moderate but
stable association between poor reading and anxiety (d=0.41,
p < 0.001, I2= 68.38%) than the weak and unstable (yet statistically
reliable) association between poor reading and depression (d=0.23,
p < 0.05, I2= 74.51%). This evidence converges and clarifies the re-
sults from the previous narrative reviews in this field, whereby
Mugnaini et al. (2009) suggested that poor readers are at higher risk for
depression, while Maughan and Carroll (2006) suggested that the re-
lationship between poor reading and depression is less clear. The

Study name Outcome Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Arnold, 2005 0.510 Depression 0.148 0.022 0.219 0.800 3.441 0.001
Boetsch, 1996a 0.460 Depression 0.338 0.114 -0.202 1.122 1.362 0.173
Boetsch, 1996b -0.505 Combined 0.174 0.030 -0.846 -0.165 -2.909 0.004
Boetsch, 1996c -0.249 Combined 0.284 0.080 -0.805 0.306 -0.880 0.379
Boetsch, 1996d -0.007 Combined 0.137 0.019 -0.276 0.262 -0.051 0.959
Boetsch, 1997 0.383 Depression 0.251 0.063 -0.110 0.875 1.523 0.128
Carroll, 2005 0.081 Combined 0.205 0.042 -0.321 0.482 0.393 0.694
Chapman, 2004 0.704 Depression 0.217 0.047 0.278 1.130 3.241 0.001
Daniel, 2006 0.523 Combined 0.220 0.048 0.093 0.954 2.383 0.017
Hoy, 1997 0.502 Depression 0.114 0.013 0.279 0.725 4.410 0.000
Hughes, 2013 0.427 Depression 0.320 0.103 -0.200 1.055 1.334 0.182
MacPhail, 2013 -0.164 Combined 0.180 0.032 -0.517 0.189 -0.913 0.361
Martinez, 2004 0.392 Depression 0.261 0.068 -0.119 0.903 1.505 0.132
Maughan, 2003 0.606 Depression 0.171 0.029 0.270 0.941 3.540 0.000
Mercer, 2005 -0.204 Depression 0.241 0.058 -0.677 0.268 -0.848 0.396
Miller, 2005 0.178 Depression 0.245 0.060 -0.303 0.658 0.725 0.469
Murray, 1978 -0.299 Depression 0.139 0.019 -0.573 -0.026 -2.147 0.032
Nelson, 2012 -0.089 Depression 0.167 0.028 -0.416 0.238 -0.534 0.593
Nelson, 2017 0.226 Depression 0.135 0.018 -0.039 0.491 1.669 0.095
Plaisance, 1986 0.565 Combined 0.197 0.039 0.179 0.950 2.869 0.004
Willcutt, 2013 0.934 Depression 0.226 0.051 0.492 1.377 4.136 0.000
Wu, 2018a -0.008 Combined 0.344 0.118 -0.682 0.667 -0.023 0.982
Wu, 2018b 0.317 Combined 0.112 0.013 0.097 0.537 2.827 0.005

0.225 0.078 0.006 0.072 0.377 2.884 0.004
-2.00 -1.00 0.00 1.00 2.00

Controls Poor Readers

Depression

Fig. 5. Random effects forest plot showing the standardised mean difference and 95% CIs for each study on the association between poor reading and depression.
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outcomes of all these reviews converge to suggest that the association
between poor reading and depression may be more complex than the
association with anxiety.

4.4. Theoretical moderators

The secondary aim of this review was to conduct subgroup analyses
to investigate potential moderators of any reliable associations between
poor reading and internalising problems with acceptable heterogeneity
between studies. In the current review, we found such an association
between poor reading and anxiety. However, we were unable to con-
duct any subgroup analyses because there were fewer than 10 studies
per subgroup for each moderator. We therefore offer a cautious sy-
nopsis of the existing evidence relating to potential moderators of the
association between poor reading and anxiety.

4.4.1. Anxiety disorder subtype
Of the 22 anxiety studies, only three examined anxiety disorder

subtypes: All three studies examined generalised anxiety (Carroll et al.,
2005; Willcutt et al., 2013; Wu, 2018), and one also examined se-
paration anxiety (Carroll et al., 2005). Two studies found higher an-
xiety for poor readers than controls (Carroll et al., 2005; Willcutt et al.,
2013), while one did not (Wu, 2018). This evidence, albeit extremely
limited, suggests that poor reading is associated with both generalised
and separation anxiety disorder subtypes.

4.4.2. Poor reading subtype
All of the anxiety studies in this review reported the type of poor

reading. Eighteen studies included samples with mixed poor reading
(Aman, 1979; Arnold et al., 2005; Chapman et al., 2004; Davis et al.,
2017; Grills et al., 2014; Hoy, 1997; Martinez & Semrud-Clikeman,
2004; McGee et al., 1986; Miller et al., 2005; Murray, 1978; Nelson
et al., 2015; Nelson & Gregg, 2012; Nelson & Liebel, 2017; Plaisance,
1994; Sanson et al., 1996; Willcutt et al., 2013; Wu, 2018). Two studies
tested poor readers for visual word recognition only (Carroll et al.,
2005; Mercer, 2005) and two studies tested their reading fluency only
(Carroll & Iles, 2006; Pierce et al., 2013). There were no studies that
tested poor readers for phonological recoding only. All bar six of the 18
“mixed” reading studies found higher anxiety for poor readers than
controls (Chapman et al., 2004; Grills et al., 2014; Martinez & Semrud-
Clikeman, 2004; Nelson & Gregg, 2012; 2017; Wu, 2018), as did one
study that tested visual word recognition only (Mercer, 2005). Both
studies that tested reading fluency only found higher anxiety for poor
readers than controls. Overall, the existing evidence does not suggest
that poor reading subtype moderates the association between poor
reading and anxiety.

4.4.3. Attention subtype
Of the 22 anxiety studies, 11 provided details on whether poor

readers had problems with attention. Three of these studies included
poor readers with inattention problems (Aman, 1979; Pierce et al.,
2013; Wu, 2018), two with hyperactivity problems (Carroll et al., 2005;
Wu, 2018), and five with combined attention problems (Arnold et al.,

a) funnel plot for internalising problems b) funnel plot for anxiety

c) funnel plot for depression
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Fig. 6. Funnel plots showing symmetrical distribution of studies measuring internalising problems (a), anxiety (b), and depression (c).
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2005; Chapman et al., 2004; McGee et al., 1986; Plaisance, 1994;
Willcutt et al., 2013). One study excluded poor readers with poor at-
tention (Davis et al., 2017). All bar one of the inattention and hyper-
activity studies found an association between poor reading and anxiety
(Wu, 2018), and all bar one of the combined inattention and hyper-
activity studies (Chapman et al., 2004) reported higher anxiety for poor
readers than controls. Considered together, the weight of evidence does
not suggest that attention subtype has a moderating role in the asso-
ciation poor reading and anxiety, but does suggest that there is an as-
sociation between poor reading, anxiety, and poor attention overall.

4.4.4. Sex
There were 18 anxiety studies that reported the sex of poor readers

in their sample. Eleven of these studies recruited more males than fe-
males (Aman, 1979; Arnold et al., 2005; Carroll et al., 2005; Hoy, 1997;
McGee, 1986; Mercer, 2005; Miller et al., 2005; Murray, 1978; Pierce,
2013; Plaisance, 1994; Willcutt et al., 2013), two recruited more fe-
males than males (Carroll & Iles, 2006; Nelson & Liebel, 2017), and five
recruited similar numbers of males and females (Grills et al., 2014;
Martinez & Semrud-Clikeman, 2004; Nelson et al., 2015; Nelson &
Gregg, 2012; Sanson et al., 1996). All bar one study with majority of
males (10 of 11 studies). One study with more females found higher
anxiety for poor readers than controls (Carroll & Iles, 2006), while the
other did not (Nelson & Liebel, 2017). The existing evidence therefore
suggests that sex does not moderate the association between poor
reading and anxiety. However, this suggestion is made with great
caution given the extremely limited number of studies that recruited
mostly females.

4.4.5. Age
All of the studies included in this review specified the age of their

sample. There were 11 studies that recruited children aged 6 to 12 years
(Aman, 1979; Chapman et al., 2004; Davis et al., 2017; Grills et al.,
2014; McGee et al., 1986; Murray, 1978; Pierce et al., 2013; Plaisance,
1994; Sanson et al., 1996; Wu, 2018), three that recruited adolescents
aged from 13 to 18 years (Arnold et al., 2005; Martinez & Semrud-
Clikeman, 2004; Mercer, 2005), four that recruited adults aged 18 years
and over (Carroll et al., 2006; Hoy, 1997; Nelson et al., 2015; Nelson &
Liebel, 2017), and four that recruited mixed samples of children and
adolescents (Carroll et al., 2005; Miller et al., 2005; Nelson & Gregg,
2012; Willcutt et al., 2013). All bar three of the child studies (Chapman
et al., 2004; Grills et al., 2014; Wu, 2018), and two of the adolescent
studies (Martinez & Semrud-Clikeman, 2004; Mercer, 2005), found
higher anxiety for poor readers than controls. All bar one of the mixed
age studies reported an association between poor reading and anxiety
(Nelson & Gregg, 2012). All bar one of the adult studies found higher
anxiety for poor readers than controls (Nelson & Liebel, 2017). En
masse, this evidence supports Mugnaini et al.'s (2009) conclusion that
poor readers of all ages are at risk for anxiety.

4.4.6. Ethnicity
Fourteen studies described the ethnicity of their sample. There were

10 studies that recruited predominantly Caucasian participants (Aman,
1979; McGee, 1986; Miller et al., 2005; Nelson et al., 2015; Nelson &
Gregg, 2012; Nelson & Liebel, 2017; Plaisance, 1994; Willcutt et al.,
2013; Wu, 2018), one study that recruited predominantly African-
American participants (Grills et al., 2014), and Hispanic participants
(Pierce et al., 2013), and two studies that recruited samples with mixed
ethnicities (Arnold et al., 2005; Martinez & Semrud-Clikeman, 2004).
The studies with mixed ethnicities and Hispanic samples found higher
anxiety for poor readers than controls, as did all bar three studies with
majority Caucasian participants (Nelson & Gregg, 2012; Nelson &
Liebel, 2017; Wu, 2018). The study with a mostly African-American
sample did not find evidence for an association between poor reading
and anxiety (Grills et al., 2014). Altogether, this evidence suggests that
ethnicity may not moderate the association between poor reading and

anxiety.

4.5. Methodological moderators

4.5.1. Type of informant
Each of the anxiety studies specified the type of informant that re-

ported anxiety. Eleven of these studies relied on self-report (Arnold
et al., 2005; Carroll & Iles, 2006; Davis et al., 2017; Grills et al., 2014;
Hoy, 1997; Martinez & Semrud-Clikeman, 2004; Mercer, 2005; Murray,
1978; Nelson et al., 2015; Nelson & Gregg, 2012; Nelson & Liebel,
2017), two on parent-report (Willcutt et al., 2013; Wu, 2018), three on
teacher-report (Aman, 1979; Chapman et al., 2004; Pierce et al., 2013),
and six on multi-informant reports (Carroll et al., 2005; McGee et al.,
1986; Miller et al., 2005; Plaisance, 1994; Sanson et al., 1996; Wu,
2018). All bar five of the self-report studies found higher anxiety for
poor readers than controls (Grills et al., 2014; Martinez & Semrud-
Clikeman, 2004; Mercer, 2005; Nelson & Gregg, 2012; Nelson & Liebel,
2017), as did one of the teacher-report studies (Chapman et al., 2004).
One of the parent report studies found an association between poor
reading and anxiety (Willcutt et al., 2013) while the other did not (Wu,
2018). All of the studies with mutli-informant reports found an asso-
ciation between poor reading and anxiety. Thus, the current evidence
suggests that the type of informant may not moderate the association
between poor reading and anxiety.

4.5.2. Type of anxiety measure
Finally, all of the anxiety studies described the type of anxiety

measure used to assess levels of anxiety. There were 19 studies that
measured anxiety using questionnaires (Aman, 1979; Arnold et al.,
2005; Carroll & Iles, 2006; Chapman et al., 2004; Davis et al., 2017;
Grills et al., 2014; Hoy et al., 1997; Martinez & Semrud-Clikeman,
2004; McGee et al., 1986; Mercer, 2005; Miller et al., 2005; Murray,
1978; Nelson et al., 2015; Nelson & Gregg, 2012; Nelson & Liebel, 2017;
Plaisance, 1994; Pierce et al., 2013; Sanson et al., 1996; Wu, 2018), and
three studies that measured anxiety using clinical interviews (Carroll
et al., 2005; Willcutt et al., 2013; Wu, 2018). All bar six of the 19
questionnaire studies found higher anxiety for poor readers than con-
trols (Chapman et al., 2004; Grills et al., 2014; Martinez & Semrud-
Clikeman, 2004; Mercer, 2005; Nelson & Liebel, 2017; Nelson & Gregg,
2012), and all bar one of the clinical interview studies reported higher
anxiety for poor readers than controls (Wu, 2018). These findings
suggest that type of anxiety measure is not a moderator of the asso-
ciation between poor reading and anxiety.

4.6. Clinical implications

This review has clinical implications regarding accurate assessment
of anxious poor readers. It suggests that some poor readers reliably
experience anxiety, and hence clinicians should assess poor readers for
problems with anxiety. This could be done by assessing for general
symptoms of anxiety (i.e., questionnaires that correspond with DSM
anxiety disorders; MASC; March et al., 1997; Spence Children's Anxiety
Scale; Spence, 1998), as well as assessing for clinical anxiety disorders
(i.e., clinical interviews such as the ADIS: IV-C/P; Silverman & Albano,
1996). However, it is unfortunately unclear from our synopsis whether
any of the moderators could be used to predict which poor readers
might also have problems with anxiety.

The outcomes of this review also have clinical implications in terms
of intervention for anxious poor readers. Specifically, the results clearly
demonstrate that poor readers are at increased risk for anxiety. While
only one treatment study was identified by this review (Grills et al.,
2014), the overall results suggest that anxious poor readers should be
referred for treatment that targets their poor reading and anxiety. For
instance, if a poor reader has a specific fear of reading, then clinicians
should consider teaching children strategies to lower their anxiety be-
fore engaging in reading training. This approach will equip poor
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readers with strategies to face their fear of reading in a gradual way,
and lower their arousal before learning new reading skills. We are
currently using this rationale to develop a combined reading and an-
xiety intervention for anxious poor readers.

4.7. Limitations of the current literature

The studies included in this review have a number of limitations in
common. As previously mentioned, poor reading is a heterogeneous
disorder that comprises various reading problems that differ in nature
and severity, and there are no gold standard criteria to define different
types of poor reading. In line with this, the studies included in this
review varied in their sample selection and definition of poor reading,
and most studies selected poor readers based on performance on gen-
eral measures of reading that assessed both regular and irregular words.
Given this variability between studies, it would be helpful if future
research conducted more detailed reading assessments with poor
readers. This would allow us to examine the possible moderating role of
poor reading subtypes on the association between poor reading and
anxiety.

There were also very few studies included in this review that re-
ported the full characteristics of their sample. For instance, only 14 of
the 22 anxiety studies reported their participants' ethnicity. In future
research, recruiting samples of different ethnicities would allow for
more direct examination of the possible moderating role of ethnicity.
The included studies also underrepresented female poor readers, with
only two studies including more female than male participants. Again,
including samples with predominantly female participants would allow
for more direct comparison of the possible moderating role of sex on
this association.

A third limitation of the studies in this review is that most used
dimensional questionnaires to measure anxiety symptoms. Such mea-
sures do not provide information about anxiety disorders, which can
only be diagnosed using categorical clinical interviews. Two studies
that used clinical interviews discovered that poor readers have se-
paration anxiety (Carroll et al., 2005) or generalised anxiety (Carroll
et al., 2005; Willcutt et al., 2013), while the third study found no dif-
ference in generalised anxiety between poor readers and controls (Wu,
2018). We need more studies using clinical interviews to ascertain if
poor readers are at higher risk for these anxiety disorders.

4.8. Limitations of the current review

The main limitation of this review is the modest number of included
studies (i.e., 34). Given the importance of understanding the emotional
health of poor readers for their quality of life, this highlights the need
for more studies on internalising problems in poor readers.

A second limitation – again stemming from a limited literature – is
that we were unable to conduct the planned subgroup analyses. As
Tables S2 and S3 show, even if a more conservative criterion was ap-
plied (i.e., 5 studies per subgroup), there would have been insufficient
numbers for the subgroup analyses. This highlights the need for future
studies to examine potential moderating variables on the association
between poor reading and internalising problems – and particularly
anxiety.

This review also focussed on the association, or “correlation”, be-
tween poor reading and internalising problems. While correlational
studies are a sensible starting point for understanding the relationship
between two variables, they cannot inform us about the direction of
causation between those two variables. For example, in the context of
this review, such studies cannot reveal if poor reading causes inter-
nalising problems, if the reverse is true, if there is a bidirectional re-
lationship between poor reading and internalising problems, or if an-
other factor has a causal effect on both reading and internalising that
creates a “faux” association between the two. Given that the evidence to
date supports a statistically reliable association between poor reading

and internalising problems – particularly for anxiety – intervention
studies are needed to test the causal mechanisms that might be re-
sponsible for this association. Such studies are extremely rare at this
point in time (Grills et al., 2014).

5. Conclusions

This is the first systematic meta-analytic review of the association
between poor reading and internalising problems, poor reading and
anxiety, and poor reading and depression. The meta-analysis suggests
that there is a statistically reliable association between poor reading
and internalising problems, and between poor reading and anxiety. The
association between poor reading and depression is also statistically
reliable, yet smaller in size and less stable. When considered together,
the effect sizes suggest that the association between poor reading and
internalising problems is driven by, or most closely reflects, an asso-
ciation between poor reading and anxiety – rather than an association
between poor reading and depression. The outcomes from this review
guide clinicians to make informed decisions about how to assess poor
readers for problems with anxiety, and suggests that we now need to
investigate why this association exists.
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