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Abstract

Background

Developmental learning disorder (DLD) belongs to neurodevelopmental disorders because
it results from the developmental neurodiversity of the brain. The main causes of DLD are
genetics, but environmental factors, like inadequate supply of oxygen during pregnancy or
labor, are considered.

Methods

Our search strategy will consist of electronic databases (PubMed, PsycINFO, Web of Sci-
ence, EMBASE, and Cochrane Library) and hand searching. The observational studies
including cohort and case-control studies will be included. The primary outcome will be
(DLD). Screening and eligibility will be done independently by two reviewers based on pre-
specified eligibility criteria. Data extraction will be based on a pre-pilot data extraction form,
and conducted by two authors independently. Study quality will be assessed by two authors
independently. Any discrepancies identified at any stage of the review will be resolved by
discussion or/and consultation with another reviewer. We plan a narrative and tabular sum-
mary of the findings.

Discussion

This systematic review of aetiology follows the traditional approach to evidence-based
healthcare. This secondary research will assess the association between hypoxia and DLD
by assessing the relationship of health-related event and outcome and examining the asso-
ciation between them. This review can provide information for healthcare professionals and
policymakers indicating whether taking into account information about hypoxia should be
permanently included in the diagnostic ontogenetic interview in the process of diagnosing
neurodevelopmental disorders.
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Background

Developmental learning disorder (DLD) is an umbrella term for developmental dyslexia, as
well as difficulties in writing and arithmetic, introduced by the World Health Organisation
(WHO) in the latest International Statistical Classification of Diseases and Related Health
Problems (ICD-11) [1]. Developmental dyslexia is a neurodevelopmental disorder diagnosed
in children with normal intelligence and sensory abilities who exhibit reading difficulties with
accurate and/or fluent word recognition, spelling, and decoding abilities across languages.
Dyslexia is classified as a neurodevelopmental disorder because it results from the develop-
mental neurodiversity of the brain, which is a biological deviation from the typical neurodeve-
lopmental trajectory [2]. We already know that one of the main causes of dyslexia is genetics
[3-5], but environmental factors are an interesting area of research into the pathomechanism
of dyslexia, in particular inadequate supply of oxygen during pregnancy or labor [6]. Hypoxia
(defined as body tissues being inadequately oxygenated) and related conditions constitute the
majority of perinatal injuries [7]. Hypoxic-ischemic encephalopathy (HIE) is a brain injury
caused by oxygen deprivation due to hypoxic or anoxic injuries. Hypoxia involves reduced
blood oxygenation to the brain. Ischemia involves the diminished blood flow to the brain. HIE
occurs in 1 to 8 per 1000 live full-term births [8] and 25% of affected newborns have develop
severe and permanent neuropsychological sequelae [9], including intellectual disability, visual
motor or visual perceptive dysfunction, increased hyperactivity, cerebral palsy, and epilepsy
[10, 11]. Some researchers point out that some patients with HIE may develop learning disabil-
ities [12-14]-in particular, reading difficulties [15-17]. A Chinese study [6] on difficult natural
delivery and perinatal hypoxia found that the percentage of dyslexic children in these cohorts
was higher than that of non-dyslexic children (3.12% vs. 1.75% and 3.76% vs. 1.42% of the
overall sample for difficult natural delivery and perinatal hypoxia, respectively).

Rationale for the review

To the best of our knowledge, there is no systematic review nor meta-analysis on the associa-
tion between exposure to prenatal/perinatal hypoxia and the occurrence of DLD symptoms at
school age. Therefore, our motivation is to conduct the first systematic review of previous pub-
lished observational studies (i.e., cohort studies, and case-control studies) that consider, as an
exposure, presence of hypoxia during pregnancy or delivery and consider, as an outcome,
DLD in the school-age children, as defined by the DSM-5 classification of neurodevelopmental
outcomes. The understanding of the association between health-related event—hypoxia dur-
ing pregnancy or delivery and outcome—DLD in school-age children will provide evidence in
aetiology of DLD and thus, improve our understanding of the state of knowledge. The aim of
this paper is to present the protocol for the aforementioned systematic review.

Methods

We followed the Preferred Reporting Items for Systematic Review Protocols (PRISMA-P) to
perform a comprehensive literature search [18]. Our protocol has been registered with the
International Prospective Register of Systematic Reviews (PROSPERO) database (registration
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number: CRD42022371387). The research objective is to synthesize the current research on
the association between hypoxia during pregnancy or delivery and dyslexia in school-age chil-
dren. The review question is as follows: whether prenatal hypoxia is associated with develop-
mental learning disorder in school age?

Eligibility criteria
Studies will be chosen based on the pre-specified below mentioned eligibility criteria.

Population (types of participants). The participants in the included studies will have
been of primary school age, with no restrictions on sex or nationality, and have been diagnosed
with DLD. DLD should have been diagnosed according to the national standards. Due to the
research question of aetiology, we aim to exclude prematurely born children (defined as deliv-
ery up to 36;9 weeks of gestation).

Exposure of interest (independent variable). The review will include studies that con-
sider, as an exposure, presence of prenatal/perinatal hypoxia indicated in the child’s medical
records.

Comparator/control. We will include studies with participants of primary-school age,
with no restrictions on nationality and without history of prenatal/perinatal hypoxia.

Outcome (dependent variable). The review will include studies that consider, as an out-
come, presence of developmental learning disorder.

Study Type. We will include observational studies including cohort and case-control
studies.

Location. We will not impose any restrictions on the location of the conducting of the
research.

Search strategy

Information sources. We will search the National Medical Library, PsycINFO, Web of
Science, EMBASE, DARE, and the Cochrane Library. Electronic database searching will be
complemented by manual data searches. Reference lists of the included review articles will be
checked to identify any additional studies. The search will be not restricted to any year of pub-
lication, sample size, or language (provided an English language translation of the abstract is
available). We will exclude editorials and letters.

Search. Medical Subject Headings [19] or equivalent and text word terms and words
related to the nosological unit will be used to develop literature search strategies. Boolean oper-
ators and proximity operators (parentheses and quotations) will also be used. The search strat-
egy will include terms relating to outcome (Learning Development Disorders [MeSH] OR
Learning Disabilities OR dyslex* OR legasthenia OR learning disorder OR learning difficult*
OR learning disabilit* OR LD OR RD OR SLD OR LRD OR DLD OR reading difficult* OR
reading disabilit* OR reading impairment OR reading disorder® OR impairment in reading)
and exposure of interest (hypoxia OR asphyxia OR oxygen deficiency OR oxygen shortage OR
asphyxiation OR suffocation). The initial search strategy (including searching terms and fil-
ters) has already been piloted on PubMed in June 2023 to investigate whether it can find
potentially relevant reports.

Study selection

One of the reviewers will search databases as well as manually search the reference lists of
already-included articles. Any articles that may be relevant will be extracted to EndNote refer-
ence management software [20] and duplicates will be identified and removed. Titles and
abstracts will be screened by two authors independently for eligibility for inclusion under the

PLOS ONE | https://doi.org/10.1371/journal.pone.0293067 October 20, 2023 3/8


https://doi.org/10.1371/journal.pone.0293067

PLOS ONE

Developmental learning disorders in children with exposure to hypoxia: A systematic review protocol

above-defined criteria and will give reasons for any rejections. Discrepancies at this stage will
be resolved through discussion with another reviewer. We will pre-test the eligibility criteria
on a sufficient sample of reports. The full texts of reports will be acquired for all titles that
appear to meet the inclusion criteria or in cases where there is any uncertainty. The full reports
will then be screened by two authors independently, who will decide whether they meet the
inclusion criteria and provide reasons in cases of rejection. Clinical psychology researchers
with expertise in the area will assess the relevance of the studies. The corresponding authors
will be asked to provide additional information whenever necessary to resolve questions of eli-
gibility. We will assess the eligibility criteria for each study in order of importance, starting
with the population, followed by exposure of interest, comparator, outcome, and study design.
In this strategy, the first ‘no’ response constitutes the primary reason for exclusion from the
study and the remaining criteria will not be assessed. Reasons for exclusion will be recorded. A
formal measure of agreement will be used to describe the extent to which assessments by two
authors are the same. Another reviewer will resolve disagreements at the assessment eligibility
stage. In cases where the same study is described in multiple reports, they will be merged based
on the matching of author names, numbers of participants and baseline data, location and set-
ting, and duration of the study. If any uncertainty remains, we will contact the corresponding
authors. The review authors will not be blind to the journal titles, study authors, or their insti-
tutions. A flow chart based on the PRISMA template [21] will be created, showing details of
studies included and excluded at each stage of the study selection process.

Data extraction and management

Data will be extracted from the studies independently by two authors based on a purpose-
designed pre-piloted data extraction form. This will be done by content area experts in the
field of clinical psychology who are familiar with DLD and who will receive training in the
coding of entries. Any discrepancies will be resolved by consultation/discussion with another
reviewer. If a discrepancy cannot be resolved, we will contact by e-mail the study authors; if we
are unsuccessful in doing so, we will report the discrepancies in the review. We will attempt to
obtain any missing data from corresponding authors by e-mail. For different reports describ-
ing the same study/project, data will be extracted from each report separately and combined
across multiple data collection forms afterwards.

The following information will be extracted from the studies:

o Characteristics of studies:

o first author, date of publication, DOI number, country of the study;

study design (cohort vs. case-control).
« Characteristics of the respondents:

o age, sex;

native language, languages spoken (mono vs. bilingualism); and
« years of education, intelligence level.

o Characteristics of Developmental Learning Disorder:

type of DLD (formal diagnosis vs. poor readers);
o DLD subtype (dyslexia, dysorthography, reading and math problems);

« criteria of diagnosis (DSM, ICD, national standards);
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o diagnosis provider (assessor, psychologist, psychiatrist, other), and

« comorbidities.

 Hypoxia characteristics:

« source of information about hypoxia (medical record vs. parental information);
o cause of hypoxia;

« methods of hypoxia treatment; and

type of labor, APGAR score.
« Results

o effect sizes for the relation between hypoxia and dyslexia (e.g. Pearson’s r for correlational
analyses; semi-partial correlations or standardized beta coefficients for multivariate
analyses)

« quantitative data of relation between hypoxia and dyslexia

Assessment of risk of bias in included studies. The Newcastle-Ottawa Scale (NOS) will
be used to assess the risk of bias in each included study [22]. Two independent versions of
NOS will be used to evaluate cohort and case-control studies. The NOS judge eight items, cate-
gorized into three domains including selection, comparability, and in respect to the study type
—outcome (cohort studies) or exposure (case-control studies). Each study could receive a
maximum of nine stars (one star for each numbered item within the selection and outcome
categories, and a maximum of two stars for comparability) [23]. Two review authors will inde-
pendently assess potential biases while any discrepancies will be resolved by discussion
between reviewers; if necessary, content area experts from clinical trial methodology will be
included in the discussion. Risk of bias will be categorized as “good”, “fair”, and “poor” for
converting NOS assessments following guidelines of the Agency for Healthcare Research and
Quality (AHRQ). Studies scored for 3 or 4 stars in the selection domain, 1 or 2 stars in the
comparability domain, and 2 or 3 stars in the outcome/exposure domain will be considered to
represent good quality. Studies rated 2 stars in the selection domain, 1 or 2 stars in the compa-
rability domain, and 2 or 3 stars in the outcome/exposure domain were considered to repre-
sent fair quality. Papers evaluated as being 0 or 1 stars in the selection domain, 0 stars in the
comparability domain, and 0 or 1 stars in the outcome/exposure domain were considered to
be poor quality [24]. We don’t plan to evaluate an overall quality of evidence since there are no
plans for a meta-analysis.

Strategy for data synthesis. Both narrative and tabular summary will be used to present
evidence of the relationship of health-related event and outcome and examining the associa-
tion between them. We do not plan to conduct a meta-analysis because we expect high hetero-
geneity of data measurement tools across country.

The Narrative Synthesis (NS) guidelines will allow us to transparently report the data from
the included studies [25]. We will perform data synthesis for each outcome of DLD subtype
(dyslexia, dysorthography, reading and math problems) separately. In the event of constructs
overlapping, they will be combined and discussed together as DLD.

Narrative synthesis will be done following domains:

1. Developing a preliminary synthesis of findings of included studies

2. Exploring relationships within and between studies
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a. Developing a theory explaining the role of hypoxia as a aetiological risk factor for neuro-
developmental disorders in the form of DLD depending on the DLD subtype (dyslexia,
dysorthography, reading and math problems);

b. Assessing if the presence of hypoxia in a group of children with DLD increases the risk
of comorbidity of other neurodevelopmental disorders.

c. Assessing if the occurrence of perinatal hypoxia increases the risk of DLD and DLD with
comorbid neurodevelopmental disorders depending on the sex of the child.

3. Assessing the robustness of the synthesis

Additionally, if it is possible to collect sufficient information, we will analyze the following
subgroups:

« children with a history of prenatal/perinatal hypoxia caused by various factors;
o children with different types of DLD;

o children with different levels of severity of DLD.

Discussion

The proposed systematic review will contribute to healthcare and psychology filed by provid-
ing evidence for clinicians and policymakers on the burden of disease-in particular, in the
field of diagnosing learning disorders and early recognition of risk of these disorders. The
questions of association typically address etiology of DLD remain unsolved. Evaluating the
association between hypoxia and DLD by assessing the relationship of health-related event at
the stage of labor and the occurrence of outcome at the school age will support the need for
detailed recording of all physiological indicators that may be helpful in predicting the risk of
possible learning disorders. Diagnosing of DLD is not a “here and now” diagnosis, but an
assessment of the entire developmental trajectory [26]. Therefore, in the process of diagnosing
DLD, we must refer to the individual’s developmental history from birth. The cooperation of
healthcare practitioners and developmental psychologists will allow the developing of a very
early warning system for the risk of DLD and early preventive and therapeutic intervention.
Early intervention is key to minimizing the likelihood of the presence of a learning disorder
during school years [27]. Confirmation of the relationship between hypoxia and DLD would
be a strong basis for including questions about this aspect of the delivery and the condition of
the newborn into standard psychological interviews used when diagnosing it. The inclusion of
this evidence-based indicator would enhance the accuracy of the diagnosis of DLD, which is
not an easy process due to its complex pathomechanism [28-30].

Efforts will be undertaken by the authors to disseminate the findings of this systematic
review across a broad spectrum of healthcare practitioners and policy makers at the national
level. This dissemination will primarily occur through the distribution of a newsletter that
serves as a conduit for information exchange among key stakeholders, including directors and
clinicians affiliated with diagnostic centers within the education and healthcare sectors.

Furthermore, at the international level, the research outcomes will be made accessible
through inclusion in prominent data repositories designed to amalgamate information from
diverse sources (among others: Systematic Review Data Repository™).

Supporting information

S1 Checklist. PRISMA-P (Preferred Reporting Items for Systematic review and Meta-
Analysis Protocols) 2015 checklist: Recommended items to address in a systematic review
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