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Abstract

:

Language delays are often underestimated in very-low-birth-weight (VLBW) preterm infants. We aimed to identify the risk factors of language delay at two years of corrected age in this vulnerable population. VLBW infants, who were assessed at two years of corrected age using the Bayley Scale of Infant Development, third edition, were included using a population-based cohort database. Language delay was defined as mild to moderate if the composite score was between 70 and 85 and severe if the score was < 70. Multivariable logistic regression analysis was used to identify the perinatal risk factors associated with language delay. The study comprised 3797 VLBW preterm infants; 678 (18%) had a mild to moderate delay and 235 (6%) had a severe delay. After adjusting for confounding factors, low maternal education level, low maternal socioeconomic status, extremely low birth weight, male sex, and severe intraventricular hemorrhage (IVH) and/or cystic periventricular leukomalacia (PVL) were found to be significantly associated with both mild to moderate and severe delays. Resuscitation at delivery, necrotizing enterocolitis, and patent ductus arteriosus requiring ligation showed significant associations with severe delay. The strongest factors predicting both mild to moderate and severe language delays were the male sex and severe IVH and/or cystic PVL; thus, early targeted intervention is warranted in these populations.
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1. Introduction


Perinatal and neonatal care has progressed significantly in the last few decades, with marked improvements in the survival of very-low-birth-weight (VLBW, birth weight (BW) ≤ 1500 g) infants [1,2,3]. However, the challenges of VLBW infants include not only survival but also short-term neonatal morbidity and long-term neurodevelopmental outcomes [4,5]. Studies on neurodevelopmental outcomes in VLBW infants have mainly focused on cognitive or motor development. Language is less mentioned but language impairment is crucial for social, emotional, and behavioral functions and even affects employment opportunities later in life [6,7].



Several perinatal risk factors have been reported to be related to language delay, including higher maternal age [8], lower maternal education level [9,10,11,12,13,14,15], preterm birth [11,13,14,16,17,18,19], BW < 1000 g, VLBW [11,20,21], male sex [13,14,15,17], bronchopulmonary dysplasia (BPD) [11,22], and periventricular leukomalacia (PVL) [23]. Preterm birth has been reported to be a risk factor for language delay in many studies, and some studies have focused on this group to determine the factors that predominantly affect language development among preterm infants. However, these risk factors were not consistent in all studies and require further investigation [9,11,13,15,17,20,21,23,24]. This study aimed to assess the risk factors of language delay in VLBW preterm infants at 24 months of corrected age (CA). By identifying high-risk infants, intervention programs may be initiated to prevent further delays earlier, thereby compensating for deficits and promoting optimal function and independence.




2. Materials and Methods


2.1. Participants


This retrospective study was approved by the Mackay Memorial Hospital Institutional Review Board (approval no.: 20MMHIS040e). We evaluated VLBW infants who were admitted to any of the 22 member hospitals of the Taiwan Premature Infant Follow-up Network between January 2010 and December 2015 and who had a complete Bayley Scale of Infant Development, third edition (BSID-III), at a CA of 24 months. This network was funded by the Premature Baby Foundation of Taiwan.



All infants underwent screening for hearing function before discharge and those with severe hearing impairment, requiring a hearing aid, were excluded. Term infants or VLBW infants with major chromosomal or structural anomalies, not using BSID-III for follow-up, and those who died or were lost to follow-up before a CA of 24 months were also excluded.



The data on intrapartum and demographic variables were collected and compared between the groups. A low maternal education level was defined as a mother receiving education for <12 years because Taiwan has compulsory education for up to 12 years. Maternal socioeconomic status, determined by education and occupation, was categorized into five classes (I–V), with class I representing the highest status and class V the lowest [25]. IUGR was diagnosed by obstetricians for fetus with an estimated weight of fetus below the 10th percentile for gestational age. Resuscitation at delivery was defined as the requirement for positive pressure ventilation, intubation, or chest compression. BPD was defined according to the criteria of the National Institute of Child Health and Human Development criteria [26]. Severe intraventricular hemorrhage (IVH) was defined as grade III or IV, according to the criteria described by Papile et al. [27]. Necrotizing enterocolitis (NEC) was defined as stage II or III according to the modified Bell’s staging criteria [28]. Retinopathy of prematurity (ROP) that needed treatment was defined as patients receiving laser or bevacizumab injection treatment.




2.2. Outcome Evaluation


At 24 months CA, the infants were evaluated by a certified psychologist using BSID-III. The BSID-III has been widely used for the early identification of developmental delay and the need for early intervention services in high-risk infants. It comprises three individual developmental scores: cognitive, language, and motor composite scores. In this study, we focused on the language composite score generated by receptive and expressive communication. It assesses communication skills by using language and gestures. The composite scores of the BSID-III were age-standardized norm-referenced scores, with a mean score of 100 and a standard deviation (SD) of 15. Using the language composite score of the BSID-III, outcomes were classified as normal (≥85), mild to moderate (70–85 (<−1 SD)), or severe (<70 (<−2 SD)) language delay.




2.3. Statistical Analysis


We compared intrapartum and demographic variables between normal, mild to moderate, and severe language delay groups to identify risk factors. Categorical data were analyzed using the chi-squared test and continuous data were analyzed using an independent t-test. The risk factors in previous analyses were used in the logistic regression model to determine the real significant risk factors of both mild to moderate and severe language delay groups. These risk factors were also analyzed to determine their relationship with receptive and expressive communication raw scores in a linear regression model. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated for all outcomes. Pearson’s correlation was used to test the correlation between gestational age (GA), BW, and language composite score.



All statistical analyses were performed using IBM SPSS Statistics for Windows version 25.0 (IBM Corp., Armonk, NY, USA). Differences were considered statistically significant at p < 0.05.





3. Results


3.1. Participant Selection and Recruitment Period


Figure 1 illustrates the database enrollment process. Between 2010 and 2015, 7436 live-born preterm infants were registered in the network; 1090 infants were excluded because of death before discharge, major congenital anomalies, or severe hearing impairment requiring a hearing aid at a CA of 24 months. Among the remaining 6346 infants, 2549 were excluded because of loss to follow-up after discharge, lack of language composite score, or evaluation with BSID-II at a CA of 24 months. Thus, 3797 VLBW infants were included in the final analyses and divided into three groups—normal (n = 2884, 76% of participants), mild to moderate language delay (n = 678, 18% of participants), and severe language delay (n = 235, 6% of participants).




3.2. Risk Factors of Mild to Moderate or Severe Language Delay


Factors associated with both mild to moderate and severe language delay are shown in Table 1, including lower maternal education level, lower maternal socioeconomic status, GA < 28 weeks, BW < 1000 g, male sex, resuscitation at delivery, respiratory distress syndrome (RDS) requiring surfactant, mechanical ventilation (MV), patent ductus arteriosus (PDA) needing ligation, BPD, ROP needing treatment, and severe IVH and/or PVL. Sepsis and NEC were associated with severe language delay but not with mild to moderate delay.




3.3. Logistic Regression Model for Risk Factors


The factors that showed a significant relation with both mild to moderate delay and severe delay, described in Section 3.2, were subjected to logistic regression analysis separately in both groups. The logistic regression models were both statistically significant; χ2(12) = 198.488, p < 0.001 for severe delay and χ2(10) = 219.124, p < 0.001 for mild to moderate delay. The model for severe delay explained 15.0% (Nagelkerke R2) of the variance and correctly classified 92.4% of cases, while that for mild to moderate delay explained 9.7% (Nagelkerke R2) of the variance and correctly classified 81.1% of cases. After logistic regression, the statistically significant risk factors of both mild to moderate and severe language delay were lower maternal socioeconomic status, male sex, and severe IVH and/or PVL (Table 2). NEC was found to be a significant risk factor for severe delay but not mild to moderate delay.




3.4. Linear Regression Model for Language Raw Scores


The risk factors of the delayed receptive or expressive use of BSID-III raw scores are presented in Table 3. Except for NEC, which only affected receptive scores, the other factors affected both receptive and expressive language. In the regression model, the most strongly associated factor with poor receptive and expressive language outcomes was severe IVH and/or PVL. NEC was significantly associated with receptive language delay, and the male sex was associated with expressive language delay.




3.5. Correlation of Language Delay with GA and BW


We also examined the correlation of language delay with GA and BW, both significantly associated with mild to moderate and severe delays. The Pearson correlation between GA and language composite scores and between BW and language composite scores was r(3795) = 0.187, p < 0.001, and r(3795) = 0.213, p < 0.001, respectively. The p-values of both groups were < 0.01 but the Pearson correlation coefficients were both less than 0.3, suggesting a statistically significant but low degree of correlation.





4. Discussion


This is the largest study that attempted to identify the risk factors of language delay in VLBW preterm infants. Risk factors of both mild to moderate and severe delay were lower maternal education level, lower maternal socioeconomic status, extremely preterm birth, BW < 1000 g, male sex, resuscitation at delivery, PDA undergoing ligation, ROP requiring treatment, BPD, and severe IVH and/or PVL. In contrast, NEC and sepsis were related to severe delay. The strongest predictors of mild to moderate and severe language delays were male sex and IVH and/or PVL, respectively.



In agreement with previous studies on term or preterm infants, male sex, lower maternal education level, and maternal socioeconomic status were reported as significant risk factors for language delay [9,10,11,13,14,15,16]. In our study, these three risk factors had relatively high ORs, suggesting their strong predictive value. A higher maternal education level had been reported to be associated with some protective factors, such as better feeding and hygiene practices and frequent utilization of the antenatal care [29,30]. Mothers with low educational levels may be less sensitive to their infants’ needs, which is associated with malnutrition in children and depression and stress in mothers [31,32,33,34]. Advanced maternal age had been reported to be related to severe language delay [8], but we did not find this relationship in our study. This may be because the previous study used a single-center database and had different exclusion criteria.



Although there are many studies on the relationship between preterm birth, low BW, and language development, the results vary owing to different study designs. Some studies have suggested that preterm birth alone is not a risk factor for language delay [35,36], while others have shown that smaller GA or lower BW is not related to language delay in normal-term infants [15,37]. Our analysis between BW and GA with language composite scores suggested a statistically significant but low-degree correlation; therefore, using a cut-off threshold to separate the two groups might better explain language development. We found that BW < 1000 g and GA < 28 weeks showed significant correlations with mild to moderate and severe delays in the first analysis. However, after logistic regression, only BW < 1000 g was statistically significant. This result cannot be explained by SGA since there was no significant correlation between SGA and mild to moderate or severe delay, which was consistent with the findings of some previous studies [9,11,24]. Thus, our results suggest that BW < 1000 g is a strong risk factor for language delay; however, this requires further investigation.



Preterm birth has been reported to affect brain development, including cortical growth, expansion, folding, and microstructure, in some studies [38,39,40,41,42]. Both severe IVH and PVL have been reported to affect neurodevelopment in preterm infants, especially motor and cognitive development, but their roles in language development are still controversial [23,43,44,45]. In our study, we found that severe IVH and/or PVL were the strongest predictors of language delay. This highlights the importance of gently treating preterm infants to avoid these complications.



The gut–brain axis suggests that bowel injury initiates systemic inflammation along with changes in the gut microbiota, which may potentially affect the developing central nervous system. Recent studies have stated that NEC may affect neurodevelopment outcomes via this pathway [46,47]. We found that NEC was highly related to severe delay, but not mild to moderate delay. The OR was much higher than that of other factors and only slightly lower than that of severe IVH and/or PVL. In addition, NEC was found to only be related to receptive scores in our study, but this may need to be confirmed in further research. Our findings suggest that NEC strongly affects language development outcomes and that NEC may express severe neurodevelopmental delay and require early intervention.



Severe ROP has been shown not only to be associated with a delay in white matter maturation and reduced brain volume [48,49] but also to directly affect language development [50]. Visual impairment has been reported to cause early language and communication difficulties [51], which may be a result of a lack of sufficient response from their mothers and interference with mother–infant interactions [52,53].



The major strength of this study is the large sample size of the nationwide database of preterm infants. This study has several limitations. First, it was a retrospective study, due to which some interactions between factors and the causal relationship between the mediation effect and cognitive function could not be completely recognized. However, language development is strongly related to cognitive function [54,55]. Previous studies have highlighted cognitive weaknesses in both term and preterm infants with language weaknesses or delays [56,57,58]. Further prospective studies are needed to clarify the causal relationship between cognitive impairment and language delays. Second, participants represented only 51.1% of the total study population; however, our study is the largest study on preterm infants’ language development and the results may be useful for early targeted intervention in these vulnerable preterm infants. Third, we discussed maternal education and socioeconomic status rather than primary caregivers since these are the only data available in our database. Currently, some researchers have studied the relationships between infants’ neurodevelopment and fathers’ socioeconomic status, educational level, and fathers’ parenting [59,60] and showed that paternal factors also had correlations with infants’ language development. Hence, future studies should use the main caregiver factors rather than maternal factors.




5. Conclusions


We identified several risk factors associated with language developmental delay. The strongest factors predicting both mild to moderate and severe language delays were male sex and severe IVH and/or cystic PVL. This information may provide further inspiration when caring for preterm infants to avoid poor neurodevelopmental outcomes and these risk factors can be used to identify those who need early intervention in language development. Further prospective studies are required to clarify the causal relationships between different factors and language development.
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Figure 1. Flowchart of the study populations. 
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Table 1. Comparison of maternal and infant demographic characteristics according to language development outcome at 24 months of corrected age.
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N (%) or Mean (SD)




	
Normal

(N = 2884)

	
Mild to

Moderate

(N = 678)

	
p Value #

	
Severe

(N = 235)

	
p Value #






	
Mother age ≥ 35

	
406

	
14.1%

	
113

	
16.7%

	
0.09

	
28

	
11.9%

	
0.36




	
Low maternal education level

	
760

	
26.4%

	
297

	
43.8%

	
<0.01 *

	
107

	
45.5%

	
<0.01 *




	
Low maternal socioeconomic status

	
855

	
29.6%

	
319

	
47.1%

	
<0.01 *

	
122

	
51.9%

	
<0.01 *




	
Preeclampsia

	
591

	
20.5%

	
137

	
20.2%

	
0.87

	
45

	
19.1%

	
0.62




	
PPROM

	
917

	
31.8%

	
215

	
31.7%

	
0.97

	
62

	
26.4%

	
0.09




	
Chorioamnionitis

	
136

	
4.7%

	
22

	
3.2%

	
0.09

	
13

	
5.5%

	
0.57




	
IUGR

	
332

	
11.5%

	
79

	
11.7%

	
0.92

	
33

	
14.0%

	
0.25




	
2 doses of prenatal steroid

	
1661

	
57.6%

	
381

	
56.2%

	
0.51

	
130

	
55.3%

	
0.50




	
GA

	
29.1

	
(2.7)

	
28.3

	
(2.8)

	
<0.01 *

	
27.9

	
(2.9)

	
<0.01 *




	
GA < 28 weeks

	
813

	
28.2%

	
266

	
39.2%

	
<0.01 *

	
118

	
50.2%

	
<0.01 *




	
BW

	
1135.5

	
(248.6)

	
1035.2

	
(266.5)

	
<0.01 *

	
988.5

	
(289.1)

	
<0.01 *




	
BW < 1000 g

	
864

	
30.0%

	
299

	
44.1%

	
<0.01 *

	
124

	
52.8%

	
<0.01 *




	
SGA

	
957

	
33.2%

	
222

	
32.7%

	
0.83

	
75

	
31.9%

	
0.69




	
Sex (male)

	
1335

	
46.3%

	
410

	
60.5%

	
<0.01 *

	
153

	
65.1%

	
<0.01 *




	
Singleton

	
1953

	
67.7%

	
466

	
68.7%

	
0.51

	
160

	
68.1%

	
0.91




	
Resuscitation at delivery

	
1748

	
60.6%

	
473

	
69.8%

	
<0.01 *

	
181

	
77.0%

	
<0.01 *




	
Sepsis

	
468

	
16.2%

	
124

	
18.3%

	
0.19

	
66

	
28.1%

	
<0.01 *




	
NEC

	
33

	
1.1%

	
9

	
1.3%

	
0.69

	
12

	
5.1%

	
<0.01 *




	
PDA ligation

	
427

	
14.8%

	
152

	
22.4%

	
<0.01 *

	
69

	
29.4%

	
<0.01 *




	
ROP needed treatment

	
225

	
7.8%

	
103

	
15.2%

	
<0.01 *

	
46

	
19.6%

	
<0.01 *




	
BPD

	
1851

	
64.2%

	
516

	
76.1%

	
<0.01 *

	
185

	
78.7%

	
<0.01 *




	
Severe IVH and/or PVL

	
171

	
5.9%

	
82

	
12.1%

	
<0.01 *

	
52

	
22.1%

	
<0.01 *








Data were expressed as (n, %). Abbreviations: PPROM, preterm premature rupture of membrane; IUGR, intrauterine growth restriction; GA, gestational age; BW, birth weight; SGA, small for gestational age; NEC, necrotizing enterocolitis; PDA, patent ductus arteriosus; ROP, retinopathy of prematurity; BPD, bronchopulmonary dysplasia; IVH, intraventricular hemorrhage; PVL, periventricular leukomalacia; * p < 0.05; # comparing to normal group.
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Table 2. Risk factors of mild to moderate and severe language delay.
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Mild To Moderate Delay

	
Severe Delay




	

	
Wald χ2

	
OR

	
95% CI

	
p Value

	
Wald χ2

	
OR

	
95% CI

	
p Value






	
Low maternal education level

	
14.836

	
1.579

	
1.251–1.992

	
< 0.01 *

	
6.390

	
1.598

	
1.111–2.298

	
0.01 *




	
Low maternal socioeconomic status

	
16.481

	
1.605

	
1.277–2.017

	
< 0.01 *

	
11.673

	
1.872

	
1.306–2.681

	
<0.01 *




	
GA < 28 weeks

	
1.086

	
1.141

	
0.890–1.463

	
0.30

	
0.065

	
1.052

	
0.712–1.556

	
0.80




	
BW < 1000 g

	
11.028

	
1.478

	
1.174–1.861

	
<0.01 *

	
7.774

	
1.681

	
1.167–2.421

	
<0.01 *




	
Gender (male)

	
44.904

	
1.834

	
1.536–2.190

	
<0.01 *

	
27.631

	
2.181

	
1.631–2.917

	
<0.01 *




	
resuscitation at delivery

	
3.086

	
1.197

	
0.979–1.462

	
0.08

	
5.330

	
1.501

	
1.063–2.120

	
0.02 *




	
Sepsis

	

	
2.119

	
1.292

	
0.922–1.811

	
0.14




	
NEC

	

	
7.182

	
2.763

	
1.314–5.809

	
<0.01 *




	
PDA ligation

	
3.016

	
1.236

	
0.973–1.571

	
0.08

	
6.606

	
1.580

	
1.115–2.239

	
0.01 *




	
ROP needed treatment

	
6.521

	
1.456

	
1.091–1.942

	
0.01 *

	
0.979

	
1.237

	
0.812–1.885

	
0.32




	
BPD

	
3.049

	
1.227

	
0.975–1.544

	
0.08

	
0.449

	
0.873

	
0.586–1.300

	
0.50




	
Severe IVH and/or PVL

	
13.064

	
1.728

	
1.284–2.324

	
<0.01 *

	
34.369

	
3.102

	
2.125–4.529

	
<0.01 *








Abbreviations: OR, odds ratios; CI, confidence intervals; GA, gestational age; BW, birth weight; NEC, necrotizing enterocolitis; PDA, patent ductus arteriosus; ROP, retinopathy of prematurity; BPD, bronchopulmonary dysplasia; IVH, intraventricular hemorrhage; PVL, periventricular leukomalacia; * p < 0.05.
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Table 3. Risk factors correlating with receptive and expressive language scores.
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Receptive Raw Score

	
Expressive Raw Score




	
B

	
SE

	
β

	
p Value

	
B

	
SE

	
β

	
p Value






	
Low maternal education level

	
−1.40

	
0.22

	
−0.13

	
<0.01 *

	
−1.43

	
0.35

	
−0.08

	
<0.01 *




	
Low maternal socioeconomic status

	
−1.26

	
0.21

	
−0.12

	
<0.01 *

	
−1.46

	
0.34

	
−0.09

	
<0.01 *




	
GA < 28 weeks

	
−0.11

	
0.23

	
−0.01

	
0.64

	
−0.49

	
0.37

	
−0.03

	
0.18




	
BW < 1000 g

	
−0.71

	
0.21

	
−0.07

	
<0.01 *

	
−0.56

	
0.34

	
−0.03

	
0.10




	
Sex, (male)

	
1.32

	
0.15

	
0.13

	
<0.01 *

	
1.72

	
0.25

	
0.11

	
0.01 *




	
Resuscitation at delivery

	
−0.34

	
0.17

	
−0.03

	
0.05 *

	
−0.07

	
0.28

	
0.00

	
0.81




	
Sepsis

	
−0.14

	
0.21

	
−0.01

	
0.50

	
−0.50

	
0.34

	
−0.02

	
0.14




	
NEC

	
−1.75

	
0.66

	
−0.04

	
<0.01 *

	
−0.26

	
1.06

	
0.00

	
0.81




	
PDA ligation

	
−0.19

	
0.23

	
−0.01

	
0.40

	
−1.28

	
0.37

	
−0.06

	
<0.01 *




	
ROP needed treatment

	
−0.68

	
0.29

	
−0.04

	
0.02 *

	
−1.33

	
0.46

	
−0.05

	
<0.01 *




	
BPD

	
0.22

	
0.19

	
0.02

	
0.26

	
0.31

	
0.31

	
0.02

	
0.32




	
Severe IVH and/or cystic PVL

	
−2.07

	
0.29

	
−0.11

	
<0.01 *

	
−2.55

	
0.47

	
−0.09

	
<0.01 *








Abbreviations: B, unstandardized beta; SE, standard error; β, standardized beta; GA, gestational age; BW, birth weight; NEC, necrotizing enterocolitis; PDA, patent ductus arteriosus; ROP, retinopathy of prematurity; BPD, bronchopulmonary dysplasia; IVH, intraventricular hemorrhage; PVL, periventricular leukomalacia; * p < 0.05.
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