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A B S T R A C T   

Background: Developmental dyslexia (DD) has been generally recognized as a multifactorial 
psychological disorder in recent decades. However, studies on reading and learning environment, 
social and demographic factors affecting Chinese developmental dyslexia (DD) are still scarce in 
China. This study aims to explore multidimensional home influencing factors associated with DD 
before and after birth. 
Methods: A total of 60 dyslexic and 252 normal elementary school students graded 2–5 were 
recruited in Shantou, China. The Least Absolute Shrinkage and Selection Operator (LASSO) 
regression model was used for the social and demographic variables screening. Odds ratios (ORs) 
with 95 % confidence intervals (CIs) for associations between DD and related factors were esti-
mated by multivariate logistic regression models. 
Results: Through LASSO regression, we ultimately identified 13 key variables, including maternal 
education level and family monthly income, among others. The logistic regression analyses 
showed that the risk of DD was higher in children with lower maternal education levels. Diver-
gent parenting styles may be a risk factor for developing DD as opposed to consistent parenting 
styles (OR = 4.93, 95%CI: 1.11–21.91). Children whose mothers suffered from malnutrition 
during pregnancy were more likely to develop DD (OR = 10.31, 95%CI: 1.84–37.86), as well as 
exposure to second-hand smoking at home every day (OR = 5.33, 95%CI: 1.52–18.66). Inter-
estingly, children’s active reading (OR = 0.26, 95%CI: 0.08–0.84; OR = 0.17, 95%CI: 0.04–0.76 
for “sometimes” and “often” compared to none, respectively), children having extracurricular 
reading fairy tale books (OR = 0.37, 95%CI: 0.15–0.90), and children having extracurricular 
reading composition books (OR = 0.25, 95%CI: 0.09–0.69) were significant protective factors for 
DD. 
Conclusions: Home reading environment, several educational, sociometric and demographic fac-
tors may influence the development of dyslexia. We should pay attention to these factors on the 
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development of dyslexia, so as to provide the well social and familial environment to ensure the 
healthy development of children.   

1. Introduction 

Dyslexia is a neurodevelopmental disorder characterized by inaccurate, non-fluent word recognition and poor writing skills [1]. 
Despite having adequate learning experiences, normal intelligence, and intact perceptual abilities, children with dyslexia have dif-
ficulty with word recognition, reading, and spelling. Studies have shown that the prevalence of dyslexia in school-age children ranged 
from 5 % to 17.5 % in Western countries [2]. While in China, the prevalence of DD is between 3.9 % and 13.5 % among school-age 
children [3]. Although the prevalence of dyslexia in Chinese appears to be lower than that in other languages, the impact of Chinese 
dyslexia on children’s development in China should not be underestimated. DD is now widely recognized to be influenced by a variety 
of factors that alter the development of multiple nervous systems and cognitive functions required for normal growth. So far, many 
studies have focused on identifying candidate genes and risk loci for DD [4,5]. However, in addition to the genetic factors, it is also 
critical to identify environmental factors such as socioeconomic status, home literacy environment and maternal perinatal factors in 
the development of dyslexia [6]. 

Many previous studies have concentrated on the associations between the specific factor and DD. An Italian study investigated the 
socioeconomic status of dyslexic children and reported that low educational levels of parents were the risk factors [7]. Another study 
which focused on the home literacy environment found that, parent-child reading and teaching may be the protective factors for DD 
[8]. In addition, Liu et al. conducted an in-depth study of a wide range of perinatal factors in children with dyslexia in China, revealing 
that a family history of neuropsychiatric disorders, maternal infectious diseases, difficult vaginal delivery, preterm birth, and neonatal 
asphyxia may increase the risk of DD [9]. However, a comprehensive analysis of the multifaceted influences on dyslexia has rarely been 
conducted, presumably due to the limitations of traditional statistical methods. Epidemiological studies often present 
high-dimensional and complex data, making traditional regression models less robust when dealing with such high-dimensional 
variables due to collinearity issues. The least absolute shrinkage and selection operator (LASSO) is a variable shrinkage method 
which is robust to address multicollinearity [10]. Compared to traditional variable shrinkage selection methods, LASSO regression can 
be effective in screening independent variables when analyzing the association of multiple variables with outcomes, thus improving 
the accuracy of variable prediction. 

In this study, we aimed to use LASSO regression to identify the significant multidimensional influencing factors associated with 
dyslexia, and to explore potential influence factors for DD by interacting with other typical multivariate methods such as Logistic 
regression. 

2. Materials and methods 

2.1. Participants 

This was a case control study. In order to minimize the impact of confounding factors [11], we set the sample ratio between the case 
group and the control group as 1:4. The case group in the present study were recruited from children in grades 2 through 5 who had 
been diagnosed with dyslexia during our previous school screening. The control group were typically developing children who were 
recruited at the same schools. 

The inclusion criteria for the cases were: (1) IQ > 80 on the Raven’s Standard Progressive Matrices (SPM) test [12]; (2) the Chinese 
language test scores in the last 20 % of the class; (3) the scores on the Dyslexia Checklist for Chinese Children (DCCC) more than two 
standard deviations of the average in the same grade [13]; (4) scores <65 on the Pupil Rating Scale-Revised for Learning Disabilities 
(PRS) [14]; (5) Children diagnosed with dyslexia by a child psychiatrist based on the results of the Chinese Reading Ability Test (CRAT) 
[15] and the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) [16]. The inclusion criteria for the 
control group were: typically developing children who were not dyslexic. Both groups excluded children with neurodevelopmental 
delays, previous traumatic brain injury or other organic brain disorders, color blindness, visual-auditory impairment, and attention 
deficit hyperactivity disorder. 

The informed consent was received and signed by the parents or guardians prior to the investigation. The current study was 
approved by the Ethics Committee of the Mental Health Center of Shantou University (MSUMC-2021-09). 

2.2. Instruments 

A self-designed questionnaire on dyslexia influencing factors was applied. The questionnaires were filled out by parents or 
guardians, and covered basic family information, prenatal and perinatal factors, the family literacy environment, and the children’s 
lifestyle and learning habits. Prenatal and perinatal factors included maternal smoking during pregnancy, exposure to second-hand 
smoke during pregnancy, drug use during pregnancy, gestational age, etc. Overall, the questionnaire covered five main categories 
of relevant factors, with a total of 57 items. 
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2.3. Investigation process and quality control 

Envelopes containing the questionnaire and written informed consent were distributed to participants by the faculty. Students 
bring them home for parents or guardians to fill out and turn them in to their teachers, who then collect them for the professional 
investigators. 

To ensure a good implementation of the survey, strict quality control was carried out at every stage of the survey. Prior to the 
survey, we invited the principals and teachers to a workshop to explain the purpose and content of the survey for their assistance. In 
addition, a pre-survey was conducted to examine the plausibility of the items in the questionnaire, and the contents of the ques-
tionnaire were improved based on the feedback results. During the data collection phase, investigators checked the questionnaires for 
accuracy and completeness in a timely manner. Invalid questionnaires were eliminated according to the following principles: ques-
tionnaires were not answered as required; questionnaires with more than 20 % of the total entries missed and questionnaires with 
illogical answers. Finally, the data input was performed by two trained investigators. 

2.4. Variable definition 

In this study, the family structure was classified as core family, reconstituted family, single-parent family, and large family. A core 
family is a family consisting of a couple and unmarried children and a big family is a family consisting of three or more generations. The 
American psychologist Diana Baumrind proposed two dimensions of family parenting styles: demandingness and responsiveness. 
Demandingness refers to whether or not a parent establishes appropriate standards for the child’s behavior and insists that the child 
meet those standards. Responsiveness refers to the degree of amicable acceptance of the child and sensitivity to the child’s needs. Based 
on the two dimensions of family parenting styles, parenting styles can be divided as authoritative, authoritarian, indulgent and 
neglectful [17]. Authoritative parenting: High in responsiveness and high in demandingness. Authoritative parents are warm, 
nurturing, and supportive, while also setting clear boundaries and expectations. Authoritarian parenting: Low in responsiveness and 
high in demandingness. Authoritarian parents tend to enforce strict rules and expect absolute obedience without much warmth or open 
communication. Indulgent parenting: High in responsiveness and low in demandingness. Permissive parents are warm and indulgent 
but set few rules or expectations. Neglectful parenting: Low in responsiveness and low in demandingness. Neglectful parents do not 
meet their children’s needs and are generally disengaged from their lives. 

Pregnant reactions are physiological phenomena in early pregnancy that include dizziness and weakness, loss of appetite, a 
preference for acidic foods or an aversion to greasy foods, nausea, morning sickness, and vomiting. EPA and DHA-rich supplementation 
after birth refers to the additional intake of EPA and DHA-rich substances in addition to a child’s daily diet between the ages of 0 and 3 
years. Maternal smoking during pregnancy was defined as cigarette smoking (at least 1 time/per day, including e-cigarettes) more than 
6 months during pregnancy. Maternal drinking during pregnancy was defined as the mother’s consumption of alcohol (including all 
alcoholic beverages) during pregnancy for a cumulative period of more than 6 months. Second-hand smoking during pregnancy refers 
to exposure to family members smoking in the home. 

The sample size required for the study was calculated according to the sample size formula for a cohort case-control study, which is 
as follows: 

n=
[
Z1− α/2

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
2P(1 − P1)

√
+ Zβ

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
P1(1 − P1) + P0(1 − P0)

√ ]2

(P1 − P0)
2 n 

In the present study, α = 0.05, β = 0.10; r = 4. The exposure rate of mothers’ literacy junior high school and below in the population 
was obtained by reviewing the literature as 0.27, with an OR of 3.7. Considering that there were close to 20 independent variables 
eventually included in the multifactorial analysis and based on the fact that the sample size should be at least 10 times great than the 
number of variables included in the equation, at least 200 cases were required. The total sample size for this study was determined to 
be 312, meeting all requirements. 

Table 1 
The general demographic characteristics between children with dyslexia and normal development children (n, %).  

Variables Dyslexic (n = 60) Control (n = 252) χ2/t P 

Age (Mean ± SD) 9.78 ± 1.24 9.72 ± 1.18 0.351 0.726 
Gender   1.353 0.245 
Male 44(73.3) 165(65.5)   
Female 16(26.7) 87(34.5)   
Grade   2.067 0.599 
Grade2 13(21.7) 56(22.2)   
Grade3 12(20.0) 62(24.6)   
Grade4 20(33.3) 62(24.6)   
Grade5 15(25.0) 72(28.6)    
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2.5. Statistical analysis 

SPSS 26.0 (IBM Corp., Armonk, NY, USA) and R 4.1.4 (R Core Team, Vienna, Austria) were used for statistical analyses. The 
continuous variables were expressed using mean ± standard deviation (mean ± SD), and the categorical variables were expressed 
using frequencies and percentages. The t-test, chi-square test, and Kruskal-Wallis H test were used for group comparisons. Based on the 
LASSO regression model, the 10-fold cross-validation was used to calculate the model λ value, and the variables were screened ac-
cording to the lambda1se. The associations between dyslexia risk and the related factors were analyzed using logistic regression 
models. The significant level was set to 0.05 of two-side. 

3. Results 

3.1. General demographic characteristics 

The general demographic characteristics of the participants were shown in Table 1. A total of 60 children with dyslexia and 252 
normally developing children were included. There was no statistically significant difference between the two groups in terms of 
gender, age, or grade (all p > 0.05). 

3.2. Comparison of basic family information 

The general family information of the participants is shown in Tables S1 and S2. The results showed that the parental education 

Table 2 
Comparison of maternal prenatal and perinatal influencing factors between children with dyslexia and normal development children (n, %).  

Variables Dyslexic (n = 60) Control (n = 252) χ2/Z P 

Risk of pre-eclampsia   2.214 0.137 
Yes 10(16.7) 25(9.9)   
No 50(83.3) 277(90.1)   
Pregnancy reactions   − 2.494 0.013 
No 15(25.0) 108(42.9)   
Mild 32(53.3) 94(37.3)   
Medium 8(13.3) 42(16.7)   
Heavy 5(8.3) 8(3.2)   
Miscarriage history   2.780 0.095 
Yes 15(25.0) 40(15.9)   
No 45(75.0) 212(84.1)   
EPA and DHA supplement   7.864 0.005 
Yes 12(20.0) 99(39.9)   
No 48(80.0) 153(60.7)   
Pregnancy smoke    0.751a 

Yes 4(6.7) 13(5.2)   
No 56(93.3) 239(94.8)   
Second-hand smoke   − 3.347 0.001 
Never 28(46.7) 168(66.7)   
1~3 days per week 12(20.0) 49(19.4)   
4~6 days per week 8(13.3) 16(6.3)   
Every day 12(20.0) 19(7.5)   
Alcohol consumption    0.285a 

Yes 4(6.7) 9(3.6)   
No 56(93.3) 243(96.4)   
Electronic device use   − 1.839 0.066 
<1 h 18(30.0) 125(49.6)   
1~4 h 32(53.3) 77(30.6)   
>4 h 10(16.7) 50(19.8)   
Main mood   9.450 0.009 
Pleasant 13(21.7) 107(42.5)   
Calm 40(66.7) 129(51.2)   
Anxiety/Depression 7(11.7) 16(6.3)   
Gestational Week    0.047a 

Full-term 51(85.0) 235(93.3)   
Preterm 7(11.7) 10(4.0)   
Overdue 2(3.3) 7(2.8)   
Delivery mode    0.147a 

Normal delivery 35(58.3) 146(57.9)   
Cesarean delivery 22(36.7) 103(40.9)   
Difficult delivery 3(5.0) 3(1.2)   

The ordinal variables were analyzed by Kruskal-Wallis H test, otherwise by chi-square test. 
a Calculated by Fisher’s precision probability test. 
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levels were relatively low in the dyslexic group (p < 0.001). In addition, the proportions of paternal personalities between dyslexic 
group and control groups were also statistically different (p < 0.01). 

The monthly household income and family categories of the study participants are shown in Figs. S1 and S2. The proportion of 
family income above 10,000 CNY was lower in the dyslexic group (41.7 % vs. 46.8 %), while the proportion of below 5000 CNY in the 
dyslexic group was significantly higher than that in the control group (33.3 % vs. 8.7 %) (p < 0.001). 

The parenting styles of the children in both groups are shown in Table S3. There were statistical differences in the proportion of 
primary educator, primary parenting style, and the consistency of family parenting style (all p < 0.001). In addition, a significant larger 
proportion of parents in the dyslexia group chose an authoritarian parenting style than parents in the control group (20.0 % vs. 7.1 %). 
In terms of the consistency in family parenting styles, 31.7 % of the dyslexia group had different parenting styles compared to 7.9 % of 
the control group. 

A comparison of family histories is presented in Table S4. No statistical differences were found in the composition ratios of the two 
groups in terms of family history of depression, family history of autoimmune diseases, and family history of dyslexia (p > 0.05). 

3.3. Comparison of prenatal and perinatal influencing factors 

The comparison of prenatal and perinatal influencing factors between the two groups is shown in Table 2. Mothers of the dyslexia 
group children had significantly lower rates of additional EPA and DHA supplementation during their pregnancies than the control 
group (20.0 % vs. 39.9 %, p < 0.01), but had a higher proportion of second-hand smoking during pregnancy (20.0 % vs. 7.5 %, p =
0.001). 

Maternal disease history and medical history during pregnancy are shown in Table S5. A greater proportion of cases with maternal 
histories of gestational diabetes and malnutrition during pregnancy was found than in the control group (10.0 % vs. 2.0 % and 10.0 % 
vs. 1.6 %, both p < 0.05). 

3.4. Comparison of factors in the growth and development of children 

The comparison of developmental factors between the two groups of children is shown in Table S6. There was a significantly higher 
proportion of children with a birth weight below 2500 g in the dyslexic group than in the control group (25.0 % vs. 9.9 %, p < 0.01), as 
well as having atopic eczema after birth (8.3 % vs. 2.4 %). In the dyslexic group, the proportion of requiring incubator warming at birth 
was 11.7 %, whereas 3.6 % in the control group (p < 0.05). The feeding pattern was also different between the two groups, with a 
greater proportion of being breastfed at birth in the control group (63.1 % vs. 48.3 %, p < 0.05). In addition, there was also a sta-
tistically significant difference in the frequency of second-hand smoke exposure between the two groups (25.0 % vs. 6.3 %; p < 0.01). 
The proportion of children with additional EPA and DHA supplementation after birth was lower in the dyslexia group compared to the 

Table 3 
Comparison of home reading environment between children with dyslexia and normal development children (n, %).  

Variables Dyslexic (n = 60) Control (n = 252) χ2/Z P 

Storytelling by parents   13.930 <0.001 
None/Sometimes 54(90.0) 165(65.5)   
Often 6(10.0) 87(34.5)   
Teaching children to read   1.979 0.159 
None/Sometimes 37(61.7) 130(51.6)   
Often 23(38.3) 122(48.4)   
Encourage reading outside of school   12.394 <0.001 
None/Sometimes 35(58.3) 85(33.7)   
Often 25(41.7) 167(66.3)   
Buying books of interest   14.877 <0.001 
None/Sometimes 44(73.3) 115(45.6)   
Often 16(26.7) 137(54.4)   
Frequency of buying books    0.012a 

Weekly 2(3.3) 8(3.2)   
Monthly 3(5.0) 36(14.3)   
Every semester 22(36.7) 46(18.3)   
Annually 1(1.7) 2(0.8)   
Buy as needed 32(53.3) 160(63.5)   
Parental reading frequency   0.640 0.424 
None/Sometimes 35(58.3) 161(63.9)   
Often 25(41.7) 91(36.1)   
Annual spending on books   − 3.122 0.002 
＜150yuan 11(18.3) 23(9.1)   
150~300yuan 28(46.7) 84(33.3)   
300~500yuan 12(20.0) 80(31.7)   
＞500yuan 9(15.0) 65(25.8)   

The ordinal variables were analyzed by Kruskal-Wallis H test, otherwise by chi-square test. 
a Calculated by Fisher’s precision probability test. 
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control (26.7 % vs. 46.7 %, p < 0.01). 

3.5. Comparison of home literacy environments 

The comparison of the home reading environments between the two groups is shown in Table 3. The results showed that the parents 
in the control group were more inclined to tell stories to their children, encourage reading outside of school, and buy books of interest 
for their children during the preschool years (34.5 % vs. 10.0 %, 66.3 % vs. 41.7 %, and 54.4 % vs. 26.7 %, p < 0.001, respectively). In 
addition, there were statistically significant differences between the dyslexic group and the control group in the frequency of buying 
books by parents and the annual spending on books (both p < 0.05). The proportion of children in the control group whose parents 
spent >500 CNY per year on books for their children was greater than that in the case group (25.8 % vs. 15.0 %, p < 0.05). 

3.6. Comparison of children’s reading and habits of life 

The comparison of children’s reading habits between the two groups is shown in Table S7. The ratio of children who read regularly 
and actively was lower in the dyslexic group (11.7 % vs. 43.3 %, p < 0.001), as well as the number of children who had extracurricular 
reading on a weekly frequency (p < 0.001). Regarding extracurricular reading of fairy tales, science books, and composition books, 
similar results were found (all p < 0.001). 

As shown in Tables S8 and 84.9 % of the children in the control group primarily used electronic devices for learning, which was 
significantly greater than the children in the dyslexic group (56.7 %) (p < 0.001). However, a greater percentage of children used 
electronic devices to watch videos in the dyslexic group than in the control group (58.3 % vs. 34.9 %, p < 0.001). In addition, there was 
also significant difference in the distribution of tea-drinking habits, and physical exercise habits between the two groups (both p <
0.05). 

3.7. Association between possible influencing factors and Chinese dyslexia 

Variables that were statistically different in the univariate analysis were included in the LASSO regression for variable screening. 
The parameter λ was calculated using the 10-fold cross-validation method. According to lamda1se, 13 important variables were finally 
filtered out (Fig. 1). The values of the above variables were shown in Table S9. 

Fig. 2 presents the results of a multivariate logistic regression analysis exploring the potential relationships between various 
influencing factors and the risk of dyslexia among Chinese children. The 13 independent variables were selected utilizing the LASSO 
regression. The risk of DD was 4.30 times higher and 5.65 times higher for children whose mothers had a junior high and elementary 
education level than a Bachelor’s/junior college or above. The risk of DD was significantly lower in the group with monthly family 
income >10,000 CNY compared to <5000 CNY (OR = 0.26, 95%CI: 0.07–0.95). Additionally, divergent parenting styles may be a risk 
factor for develop DD as opposed to consistent parenting styles (OR = 4.93, 95%CI: 1.11–21.91). Children whose mothers were 
malnourished during pregnancy were more likely to develop DD (OR = 10.31, 95 % CI: 1.84–37.86). Our study also found that children 
exposed to daily second-hand smoke at home were 5.33 times more likely to develop DD than not (OR = 5.33, 95 % CI: 1.52–18.66). 
The risk of DD was lower among children who read occasionally or frequently compared to those who did not have an active reading 
habit (ORs of 0.26 and 0.17, respectively). In addition, reading fairy tale books and composition books may be a protective factor for 
DD (ORs of 0.37 and 0.25, respectively). 

4. Discussion 

Dyslexia undoubtedly poses a serious risk to a child’s physical and mental health. As a multifactorial disorder, it is essential to focus 

Fig. 1. Parameter λ selection process based on 10-fold cross validation.  

L. Zou et al.                                                                                                                                                                                                             



Heliyon 9 (2023) e22100

7

on environmental influences in dyslexia in addition to genetics. Therefore, this study is based on a case-control study design that 
combines traditional multivariate logistic regression with LASSO regression analysis to explore multiple environmental effects on 
dyslexia in China. The findings suggest that maternal malnutrition during pregnancy, divergent family parenting practices, and 
children’s daily exposure to second-hand smoke in the home may increase the risk of dyslexia. While high maternal education, high 
monthly household income, active child reading, reading fairy tale books, and reading composition books were protective factors for 
dyslexia. The findings of this study may shed some light on the prevention of dyslexia in future research. 

Fig. 2. The association between influencing factors and the risk of Chinese dyslexia.  
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4.1. Dyslexia and socioeconomic status in China 

An association has been observed between family socioeconomic status, defined as the education level, occupation, and income of a 
family, and children’s reading abilities [18]. In the current study, results show that a higher level of monthly family income reduces the 
risk of children developing dyslexia, which is consistent with other population-based studies in China [19]. Poor family economic 
status may affect the occurrence of dyslexia by reducing the frequency with which parents buy books for reading outside of school and 
by reducing the opportunities for children to read outside of school. Some studies suggest that poorer family socioeconomic status may 
indirectly affect children’s reading development by amplifying the role of other factors, such as genetics, that contribute to dyslexia 
[20]. Studies analyzing the brain structure of children with dyslexia found that higher family socioeconomic levels were associated 
with thicker cortices in the peri lateral fissure and supramarginal gyrus regions on both sides of the brain, which play an important role 
in the body’s language and reading abilities [21]. On the other hand, parental education level is also an important factor in the so-
cioeconomic status of the family [22]. In the univariate analysis, paternal education levels were statistically different between the 
dyslexic and control groups; however, in the multifactorial analysis, a significant correlation was found between maternal education 
level and Chinese dyslexia. A study from the Netherlands found that higher parental education level was significantly associated with 
higher child reading ability [23]. However, some studies also found that the association between maternal education level and 
children’s reading ability became less significant when correcting for influences related to the home reading environment [24]. We 
believe that this inconsistent result may be related to the Chinese family structure and the fact that fathers go out to work. In China, 
fathers often start working after their children reach one month, while mothers often stay at home to accompany and educate their 
children. Therefore, our study found that compared to fathers, mothers’ educational level has a significant impact on their children’s 
dyslexia. Overall, there is still much debate about the impact of family socioeconomic status on a child’s reading disability, whether 
this effect is direct or indirect. However, it is undeniable that better family socioeconomic status will allow children to be better 
educated, and that parents will pay more attention to the development of their children’s learning abilities, which in turn will reduce 
the chances of a child having dyslexia. 

4.2. Association of dyslexia with maternal perinatal factors 

To present, there has been a wealth of research on the relationship between various factors influencing maternal pregnancy and 
offspring neurodevelopment [25,26], but there has been little research on the association between childhood dyslexia as a neuro-
developmental disorder and factors during maternal pregnancy and delivery, especially in China [6]. Most previous studies have 
focused solely on the relationship between these factors and the reading ability of the offspring. Among these factors, pregnancy 
smoking was one of the most important influencing factors. Our study found that children’s daily exposure to second-hand smoke at 
home significantly increased the risk of dyslexia. In a UK cohort study, maternal prenatal daily nicotine intake was shown to be 
moderately or significantly associated with poor performance in several reading-related outcomes (e.g., reading speed, word recog-
nition, reading comprehension, etc.) [27]. However, the mechanisms underlying the association between postnatal second-hand 
smoke exposure and offspring neurodevelopment remain unclear, particularly for Chinese dyslexia and need further clarification 
through high-quality studies. In addition, two ethnically diverse studies from China and the United Kingdom found that a family 
history of mental illness, maternal infectious disease during pregnancy, maternal use of anti-infective drugs during pregnancy, 
maternal use of psychotherapeutic drugs during pregnancy, and difficult births can increase the risk of dyslexia [9,24]. In an Italian 
case-control study, Mascheretti et al. found a significant association between maternal risk of miscarriage during pregnancy and an 
increased risk of dyslexia in offspring. They concluded that the risk of miscarriage reflects a poor intrauterine environment for the 
mother, which can interfere with early fetal brain development and ultimately affect the reading ability of the offspring [7]. At the 
same time, the study also investigated the potential role of breastfeeding, but found that this factor did not increase the likelihood of 
dyslexia in offspring, in agreement with our findings. Notably, the results of this study found that maternal malnutrition during 
pregnancy may be a risk factor for dyslexia. To the best of our knowledge, this is the first time that an association between this factor 
and dyslexia has been reported. Malnutrition in the mother during pregnancy can affect the intrauterine energy supply during foetal 
development and thus the neurological development of the offspring. In addition to factors during pregnancy, several factors during 
the perinatal period have been reported to be associated with the development of dyslexia in offspring [28]. However, studies in this 
area also have inconsistent findings, and a previous study did not observe an association between obstructed labor and neuro-
developmental disorders-like disorders [29]. While there is growing evidence that multiple maternal factors during pregnancy and 
delivery influence the occurrence of dyslexia in offspring, replications between different studies are poor and more detailed studies are 
needed to perform this. 

4.3. Association of Chinese dyslexia with childhood growth and development factors 

In addition to factors affecting the mother during pregnancy and delivery, a range of factors related to growth and development of 
children after birth can also affect normal neurological development [30,31]. Among these factors, birth weight and whether or not to 
breastfeed were the focus of the current study. A recent meta-analysis showed that children with low versus very low birth weight have 
a significantly increased risk of ADHD (a neurodevelopmental disorder) [32]. Similarly, low birth weight has been found to be 
associated with dyslexia, which is also a neurodevelopmental disorder. The results of a study on very low birth weight infants showed 
that the prevalence of dyslexia in this population was much greater than that in the general population [33]. Lower birth weight may 
cause neurodevelopmental disorders through dysregulation of the hypothalamic-pituitary-adrenal axis or perinatal systemic 
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inflammation [34,35]. However, the growth and developmental problems associated with low birth weight may be only an indirect 
contributor to dyslexia, and the associated results are still highly controversial and their impact on the mechanisms of dyslexia 
development needs further research. Breastfeeding, on the other hand, is also a key influence on the neurodevelopment of offspring. 
Studies have reported that children who have been breastfed have larger areas of gray matter volume and better gray matter function 
than those who have not been breastfed, and a reduction in gray matter volume has been found in Chinese dyslexic children, suggesting 
a possible link between breastfeeding and dyslexia [36,37]. To the best of our knowledge, no previous study on this topic has been 
conducted in Chinese dyslexic children, and we investigated the breastfeeding status of our study participants, but found no statis-
tically significant association between them. In addition to the above, the study found that children’s daily exposure to second-hand 
smoke at home significantly increased the risk of dyslexia. However, the mechanisms underlying the association between postnatal 
second-hand smoke exposure and offspring neurodevelopment remain unclear, particularly for Chinese dyslexia, and remain to be 
clarified in more high-quality studies. 

4.4. Association between Chinese dyslexia and the home reading environment 

Of the various environmental factors that affect reading problems, the home reading environment is more closely associated with 
dyslexia. Studies in different populations have shown that a well home reading environment can reduce the risk of dyslexia [38–40]. 
And children’s reading ability, achievement or risk of dyslexia can be predicted by their home reading environment. Hamilton et al. 
demonstrated that the home reading environment of preschool children was predictive of oral language, phonological awareness, and 
reading skills in grade 2 [41]. Although it has been suggested that the association between dyslexia and family reading environment is 
likely to be regulated by genetic factors, similar developmental trajectories can still be observed in non-at-risk populations [41,42]. In 
the present study, we found differences in the home reading environment between the two groups. The frequency of parental purchases 
of books of interest to the child, as screened by the LASSO regression analysis, also had a high significance in predicting dyslexia 
outcomes. However, after adjusting for other possible factors, no statistical association was found between it and dyslexia. This may be 
because the informal home reading environment doesn’t directly influence children’s language and reading development [43]. 
Informal home reading environments include multiple interactions such as parents reading aloud to their children or directing their 
attention to words in the environment. Research has concluded that informal home reading environments appear to be more closely 
associated with the development of a wide range of oral language skills, thus indirectly influencing reading comprehension and 
reading ability [44,45]. In contrast, formal home reading environments, such as adults teaching children to read and write directly in 
the home, are usually associated with better literacy skills [46]. It is worth noting that, regardless of whether the effect of the home 
reading environment on dyslexia is direct or indirect, a good home reading environment is necessary for parents’ reading behaviors to 
serve as role models and for children to get more reading practice, which can be beneficial later in life. 

4.5. The association of children’s lifelong learning habits and Chinese dyslexia 

Studies have concluded that by developing reading habits during the course of their studies, children can increase their reading 
experience and increase their own orthographic awareness, thus reducing the risk of dyslexia [47]. Some studies have also investigated 
children’s electronic device use, and the results show that the risk of dyslexia increased significantly with the increase of children’s 
electronic device use time [48]. With the development of technology, the use of related electronic devices has gradually become 
younger, especially nowadays with the rise of short video software, many children consume more time on recreational activities during 
such an important learning phase as school age, which not only tends to cause organic damage such as myopia, but also leads to some 
emotional and behavioral problems [49]. Using the results of multifactorial Logistic regression, we found that higher frequency of 
active reading, reading fairy tale books, and reading composition-based extracurricular books may be protective factors for children 
with Chinese dyslexia, which is consistent with the results of most studies [50]. Among these, reading composition books can exercise 
good reading comprehension skills, which are more logical and helpful than comic books. Because dyslexic children face special 
difficulties in reading, they often need to spend more time and energy in their daily learning to complete their schoolwork, which may 
easily cause frustration to develop eventually leading to negative self-awareness [51]. Negative self-awareness, in turn, may reduce 
children’s motivation to read their opportunities to do so, trapping them in a vicious cycle that is difficult to resolve. Therefore, 
teachers and parents need to pay more attention to dyslexic children, give them more patience, and encourage them to engage in more 
reading-related activities. 

4.6. Strengths and limitations 

This study has several strengths. Firstly, based on previous research, this investigation comprehensively reviewed environmental 
factors impacting children with Chinese dyslexia. Secondly, we combined traditional multi-factor logistic regression with LASSO 
regression to identify environmental factors that contribute significantly to Chinese dyslexia for comprehensive analysis and to address 
the issue of high correlation and covariance among variables. Additionally, our rigorous diagnostic screening process, which had been 
implemented multiple times in previous surveys, effectively diagnosed representative Chinese dyslexic children. It is important to 
cautiously apply our findings to other contexts, considering potential variations in linguistic, educational, and cultural factors. Cross- 
cultural studies involving collaborative research across different countries and linguistic environments would help validate the uni-
versality or specificity of these factors. 

However, this study also has some limitations. Firstly, it is a retrospective case-control study, which may be subject to recall bias, 
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and the data were all collected through questionnaires, which could be influenced by subjective factors. Additionally, the relatively 
small sample size of the study cautions against generalizing the results too widely. This study is a case-control study and cannot draw 
causal conclusions on regarding reading disorders in primary school students. 

5. Conclusions 

This study was based on a case-control study design that combined LASSO regression with multi-factor Logistic regression to 
analyze multiple environmental influences on children with Chinese dyslexia. Significant associations were found between Chinese 
dyslexia and socioeconomic status, appropriate extracurricular reading, reading composition books, maternal malnutrition during 
pregnancy, and children’s daily exposure to second-hand smoking at home, which provide a theoretical basis and reference value for 
subsequent interventions for children with dyslexia and for the prevention of the occurrence of dyslexia. 
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