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A B S T R A C T

Background: While an understanding of the genetic contributions to specific reading disorder
(RD) is emerging, there is no agreement about which putative hazard factors are clearly involved
in the aetiology of this disorder.
Aims: A literature review looking at the impact of environmental risk variables implicated in RD
either per se or when interacting with the genes.
Methods and procedures: We performed a systematic literature review using the following key-
words: dyslexia OR reading disability AND environmental risk factors OR environmental hazard
factors, in the following electronic databases: PubMed, Scopus and PsycINFO, without any time
restrictions.
Outcomes and results: Gestational weeks and birth weight are among the pre- and peri-natal risk
factors shown to reliably predict reading readiness and the odds of having RD. Inconclusive
findings have been reported for maternal cigarette smoking, family history of psychiatric and
medical diseases, and risk of miscarriage. A broad definition of familial socio-economic status
and home literacy environment have been identified as good life-long risk predictors of reading
skills.
Conclusions and implications: We highlighted the need to consider environmental hazards, their
interactions and interactions with RD-candidate genes in the study of the aetiology of RD in order
to provide much-needed insight into how these variables influence reading skills.

What this paper adds?

The present work reviews and systematizes the scanty and fragmented literature on environmental risk factors implicated in the
aetiology and development of specific reading disorder (RD). We identified a series of peri-natal and long-life factors that may
contribute to the development of RD, i.e., birth health, parental educational level and home-literacy environment, and other less (or
un)reliable factors, e.g., family history of disease, parental occupation and family income. We further discuss the impact of en-
vironmental risk variables when interacting with the genes. Spring-boarding from these findings, we highlighted the need to consider
environmental hazards, their interactions and interactions with candidate genes in the study of the aetiology of RD in order to
provide much-needed insight into how these variables influence reading skills.

Reading could be defined as a complex cognitive task whereby an arbitrary string of visual symbols is converted into meaningful
sounds. Reading is a unique cognitive human ability that became instrumental to civilization and has become crucial for living and
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learning in modern societies. Specific reading disorder (RD, aka developmental dyslexia) is defined as a neurocognitive disorder
characterized by non-fluent word identification and poor spelling performance, which are not the result of sensory impairments,
intellectual disabilities, other mental or neurological disorders, psychosocial adversity, or inadequate educational experience
(American Psychiatric Association, 2013). The prevalence estimates for RD vary with definition and language, but usually affects
about 7% to 16% of school children (Fletcher, 2009; Peterson & Pennington, 2015). Although these criteria allow a pragmatic
approach to identifying RD based on standardized reading scores or the discrepancy between actual reading achievement and ex-
pected achievement given ability, they do little to support a deeper understanding of RD, particularly with regard to identifying
causal mechanisms (Goswami, 2015).

Following earlier descriptions of high familial aggregation of these disorders (Hallgren, 1950), substantial heritability typical of a
complex trait has been reported (Fisher & DeFries, 2002) with estimates ranging from 0.18 to 0.72 (Plomin & Kovas, 2005). However,
a concordance rate of less than 100% indicates contributions by the environment to RD. Several studies have shown that the effect of
shared environment in RD is negligible (about 10–15%; e.g., Bishop, 2015; Olson, 2002; Olson et al., 2013; Willcutt et al., 2010) and
accounts for lower phenotypic variance than do non-shared environmental influences (about 20–25%; Willcutt et al., 2010). These
data indicate that the aetiology of RD is multifactorial and involves multiple interacting risk factors, which can be either genetic or
environmental, and underlies a continuously distributed liability. These risk factors alter the development of multiple neural systems
and cognitive functions necessary for normal development, thus producing the behavioural symptoms that define RD (Pennington,
2006).

As expected for a complex heritable disorder with heterogeneous genotype-phenotype association patterns, nine RD risk loci
termed DYX1–DYX9 on eight different chromosomes (1p36-p34, 2p16-p15, 3p12-q13, 6p22 and 6q13-16.2, 11p15.5, 15q21.3,
18p11.2 and Xq27.3) and several risk genes have consistently been identified since the early 1980s (Bishop, 2015; Kere, 2014;
Mascheretti, Gori et al., 2018; Peterson & Pennington, 2015; Scerri & Schulte-Korne, 2010). Among these genes, nine candidate genes
have been replicated in at least one independent sample, i.e., DYX1C1, DCDC2, KIAA0319, C2ORF3, MRPL19, ROBO1, GRIN2B,
FOXP2 and CNTNAP2 (for a recent review see Mascheretti, De Luca et al., 2017).

On the contrary, there is no agreement about which putative hazard factors can be clearly involved in the aetiology of RD.
Nevertheless, it is important to examine the role that the environment may play in the neurobiological circuits of reading in order to
provide much-needed insight into how variables other than genetics influence reading skills in children (Becker et al., 2017). As
additional environmental factors increase the risk of developing reading disability and related neuropsychological components, it is
conceivable that different ecological niches moderate the strength of the genetic signal according to a more articulate framework of
gene-by-environment interplay and interdependence (GxE) (Battaglia, 2012; Morton & Frith, 1995; Rutter, 2012). Stemming from
these considerations, in this report we review the literature on environmental risk variables implicated in the development of RD, and
aim to systematize the available evidence in order to take a broad view and to offer impetus for further investigation of the impact the
environment may have on the development of RD either per se or when interacting with genes.

1. Literature review

To identify all available journal articles investigating the impact of environmental factors on RD, we started searches with the
following keywords: dyslexia OR reading disability AND environmental risk factors OR environmental hazard factors, in the following
electronic databases: PubMed, Scopus and PsycINFO, without any time restrictions. The searches, performed independently by each
author, produced a total of 34 results. The inclusion criteria were:

1) longitudinal and cross-sectional studies;
2) research articles;
3) general population, environmentally at-risk and case-control samples;
4) children’s reading behavioural outcomes during school.

After meeting the above criteria, 23 reports had sufficient detail to be included in this review (Cho, Frijters, Zhang, Miller, &
Gruen, 2013; Dilnot, Hamilton, Maughan, & Snowling, 2017; Hamilton, Hayiou-Thomas, Hulme, & Snowling, 2016; Fergusson &
Lynskey, 1993; Fergusson & Woodward, 1999; Fried, Watkinson, & Siegel, 1997; Gilger, Pennington, Green, Smith, & Smith, 1992;
Liu et al., 2016; Mascheretti, Bureau, Trezzi, Giorda, & Marino, 2015; Melekian, 1990; O’Connor, Caspi, De Fries, & Plomin, 2000;
Samuelsson et al., 2006; Sénéchal & LeFevre, 2002; Snowling, Muter, & Carroll, 2007; Storch & Whitehurst, 2001; Sun et al., 2013;
Torppa, Eklund, van Bergen, & Lyytien, 2015; Torppa Poikkeus, Laakso, Eklund, & Lyytinen, 2006; van Bergen et al., 2011; van
Bergen, de Jong, Maassen, & van der Leij, 2014; Walker, Greenwood, Hart, & Carta, 1994; Willems, Jansma, Blomert, & Vaessen,
2016; Zhao, Zhang, Yun Chen, Zhou, & Zuo, 2016). A table summarizing the literature research findings can be found in Supple-
mentary Table 1. A score for quality, modified from the Newcastle-Ottawa scales (http://www.ohri.ca/programs/clinical_
epidemiology/oxford.asp; Modesti et al., 2016), was used to assess appropriateness of the methodological aspects of the included
studies (Supplementary Table 2a-c); two authors independently performed the scoring, disagreements were solved by consensus.
Empirical investigations of these reports led us to gather the putative risk factors according to their time of occurrence, i.e., pre- and
peri-natal and life-long hazards.
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