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Abstract 
This systematic review examines the use of the NICU Network Neurobehavioral Scale (NNNS) 
in assessing neurodevelopment in infants prenatally exposed to toxic substances or drugs. 
Thirteen studies (2010-2024) were reviewed, focusing on exposures to air pollution, bisphenol 
A and phthalates, mercury, metal, pesticides, tobacco, methamphetamine, marijuana, 
methylenedioxymethamphetamine, and methadone. Sample sizes ranged from 28 to 658 
infants, with assessments conducted from birth to 37 days postpartum. Data on exposure was 
collected via maternal samples, infant meconium and saliva, placenta tissue biopsy, and records 
such as self-reports during pregnancy, interviews, and medical records. Findings revealed that 
prenatal exposure to toxic substances showed both detrimental effects and, in some cases, 
unexpected positive outcomes. In contrast, drug exposure was primarily linked to adverse 
impacts, including impairments in self-regulation, attention, quality of movement, and stress 
responses. In conclusion, the NNNS is a valuable tool for assessing neurobehavioral outcomes 
in infants prenatally exposed to toxic substances and drugs. These findings highlight the 
importance of early neurodevelopmental assessments to inform timely interventions for at-risk 
infants. 
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Introduction 
Assessing newborn development has become increasingly crucial as infants face more severe 
health challenges and require complex care. Neonatal assessments are crucial for detecting 
instability, providing developmental insights, and guiding interventions for at-risk infants 
(Sullivan et al., 2012). High-risk infants include those born prematurely, with special 
healthcare needs, or exposed to environmental or familial risks (DeMauro & Hintz, 2018). 
Additional risk factors are low birth weight (under 2,500 grams), severe asphyxia, and maternal 
complications during pregnancy (Blackmon et al., 2004). 
Globally, more infants than ever are being exposed to drugs and environmental toxins before 
birth. The United Nations Office on Drugs and Crime reported a rise in global drug users aged 
15 to 64, from 210 million in 2009 to 269 million in 2018. Environmental risk factors contribute 
to over 25% of the global disease burden among children under five (Neira & Prüss-Ustün, 
2016). In 2000, more than 4.7 million children under five died from illnesses linked to 
unhealthy environments (World Health Organization, 2017). Prenatal exposure to substances 
such as tobacco, alcohol, and illicit drugs can impair children’s neurological development, 
leading to cognitive and motor delays, poor attention regulation, and an increased risk of 
behavioral issues in later childhood (Bunney et al., 2017; Salisbury et al., 2007). 
Despite these known risks, systematic reviews on the developmental outcomes of at-risk 
infants, particularly those exposed to prenatal substances, remain limited. While the general 
risks of prenatal substance exposure have been well-documented, less is understood about how 
specific substances—such as alcohol, tobacco, and illicit drugs—differ in their impact on 
neurodevelopmental outcomes. Furthermore, research based on the NICU Network 
Neurobehavioral Scale (NNNS), a reliable tool for assessing neurological integrity, self-
regulation, and behavioral responses in infants, remains scarce. The NNNS has proven 
effective in identifying infants requiring early intervention (Haffner & Sankovic, 2022; Liu et 
al., 2010). However, its application in evaluating the impact of different prenatal substance 
exposures is still underexplored. 
This study fills this gap by systematically reviewing the neurodevelopmental outcomes in at-
risk infants prenatally exposed to various toxic substances and drugs, as assessed using the 
NNNS. By examining the developmental effects associated with exposure to different toxic 
substances and drugs, this study explores how specific substances contribute to developmental 
delays. The findings will enhance the understanding of substance-specific impacts and inform 
the development of targeted early intervention strategies for this vulnerable population. 
 
Literature Review 
Effects of Toxic Substance Exposure on Infant Neurodevelopment 
Prenatal exposure to environmental toxicants plays a significant role in adverse 
neurodevelopmental outcomes. Historical incidents, such as the Minamata Bay mercury spill 
in 1950s Japan, have demonstrated the severe neurological consequences of such exposures, 
including cerebral palsy, intellectual disabilities, and congenital anomalies. Lead exposure at 
maternal blood concentrations exceeding 10 µg/dL has been associated with preterm birth, low 
birth weight, and elevated risks of gestational hypertension (Brenna, 2012). Concentrations 
above 30 µg/dL are linked to even more severe outcomes, including congenital anomalies and 
spontaneous abortion (Brenna, 2012). 
Phthalates, commonly found in plastics and consumer products, are another significant risk 
factor for neurodevelopmental impairment. Research has shown that prenatal exposure to 
phthalates can impair executive functions in children, leading to attention problems, 
hyperactivity, and lower Intelligence Quotient scores (Engel et al., 2010; Zhang et al., 2019). 
Similarly, prenatal pesticide exposure, particularly organophosphates, is associated with lower 
cognitive scores, diminished working memory, and impaired verbal comprehension (Bouchard 
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et al., 2011). These findings underscore the lasting impacts of environmental toxicants on infant 
neurodevelopment. 
Effects of Prenatal Drug Exposure on Infant Neurodevelopment 
Prenatal drug exposure presents a considerable risk to infant neurodevelopment. Many 
substances can cross the placenta and affect the developing fetus, disproving earlier 
assumptions that the placenta serves as a protective barrier (Narkowicz et al., 2013). As a result, 
infants exposed to drugs in utero may face a range of adverse outcomes, from immediate 
withdrawal symptoms at birth to long-term developmental challenges. 
For example, methadone exposure during pregnancy is linked to difficulties in attention and 
learning, while amphetamine exposure increases the risk of preterm birth, low birth weight, 
and trimmer head circumference (Ladhani et al., 2011; Levine & Woodward, 2018). Newborns 
exposed to drugs may exhibit withdrawal symptoms, including tremors, excessive crying, poor 
feeding, and rapid breathing within the first 24-48 hours after birth (Narkowicz et al., 2013). 
Prenatal drug exposure can have lasting effects. Infants exposed to cocaine may exhibit 
attention deficits, impulsivity, and behavioral problems as they age (Bandstra et al., 2010; 
Noland et al., 2005). Even in the absence of immediate symptoms, the long-term effects of 
prenatal drug exposure emphasize the importance of early detection and intervention to prevent 
further developmental challenges. 
The NICU Network Neurobehavioral Scale in Assessing At-Risk Infants 
The NNNS is a critical assessment tool used to evaluate the neurodevelopment of healthy and 
at-risk infants, including those born prematurely or exposed to prenatal substances. It applies 
to infants aged 30-46 weeks corrected age or up to 48 weeks conceptual age (Lester & Tronick, 
2004). Developed as an extension of the Neonatal Behavioral Assessment Scale, the NNNS 
incorporates a rigorous protocol to reduce examiner variability and minimize the influence of 
the infant's state, ensuring reliable and consistent assessments (Tronick & Lester, 2013). 
The NNNS encompasses 13 dimensions that assess various neurological and behavioral 
domains: orientation, habituation, hypertonicity, hypotonicity, excitability, arousal, lethargy, 
non-optimal reflexes, asymmetric reflexes, stress, self-regulation, quality of movement, and 
handling (Lester & Tronick, 2004). These scores provide a comprehensive overview of an 
infant's neurobehavioral functioning, offering valuable data for clinical decision-making. The 
NNNS is especially beneficial in the neonatal intensive care unit (NICU) for infants at higher 
risk of neurodevelopmental challenges (Eeles et al., 2017), helping healthcare providers 
develop individualized care strategies to optimize developmental outcomes (Conradt et al., 
2013; Eeles et al., 2017). 
Studies have demonstrated that the NNNS accurately predicts developmental outcomes in key 
areas, including motor development, language abilities, and behavioral regulation (Spittle et 
al., 2014; 2017). Its high interrater reliability ensures consistent results across different 
examiners (Eeles et al., 2017), making it a reliable tool for clinical and research settings. 
 
Research Methodology 
Search Strategy and Inclusion Criteria 
This systematic review analyzed the use of the NNNS to assess neurodevelopment in infants 
prenatally exposed to toxic substances or drugs. Using the keyword “NICU Network 
Neurobehavioral Scale,” a search of full-text articles published between 2010 and 2024 was 
conducted across Scopus, PubMed, ScienceDirect, Web of Science, Cochrane Library, and 
Wiley Online Library. The search identified 466 articles (Fig. 1). After removing duplicates, 
two reviewers independently screened 174 abstracts based on the following criteria. 
Inclusion criteria: (1) use of the NNNS to assess neurodevelopment in infants; (2) focus on 
prenatal exposure to toxic substances or drugs; (3) original research articles; (4) full-text 
availability; (5) written in English; (6) published between 2010 and 2024. 



Asian Interdisciplinary and Sustainability Review (e-ISSN: 3027-6535) [4] 
Volume 14 Number 1 (January - June 2025) 

Exclusion criteria: (1) studies of infants exposed to substances other than toxic substances or 
drugs; (2) studies reporting fewer than 4 of the 13 neurobehavioral dimensions of the NNNS; 
(3) studies of infants with maternal illness; (4) studies on the effects of pharmacologic 
treatment; (5) studies on postnatal exposure.  
After screening the full-text articles, 170 were selected for evaluation. Of these, 157 were 
excluded for the following reasons: irrelevant topic (n = 47); exposure to other substances (n = 
22); study of preterm infants (n = 23); NICU study programs (n = 12); study of infants with 
maternal illness (n = 8); healthy infants (n = 5); infant illness (n = 10); low-risk infants (n = 1); 
studies of pharmacological treatment effects (n = 13); review papers (n = 10); studies of fewer 
than 4 dimensions from 13 of the NNNS (n = 2); and postnatal/placental exposure (n = 4). 
Ultimately, 13 articles met the inclusion criteria. Of these, seven focused on prenatal drug 
exposure, and 6 examined prenatal toxic substance exposure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 1 Flowchart of the study selection 
 
Coding Procedure 
The 13 selected studies were categorized into two groups based on using the NNNS to assess 
neurodevelopment in infants with prenatal exposure to different substances: prenatal toxic 
substances and prenatal drug exposure. Each group's studies were organized by exposure type, 
study site, subjects, dependent variables, sample size, and age at neurodevelopmental 
assessment using the NNNS, NNNS scores, and key findings. 
 
 

Records were identified through database 
searches conducted between 2010 and 2024 

(n = 466) 

Records remaining after duplicates were removed 
(n = 174) 

Duplicates were 
removed (n = 292) 

Articles excluded (n = 157) 
- Irrelevant paper (n = 47)  
- Exposure to other substances (n = 22) 
- Study about preterm infant (n = 23) 
- NICU study program (n = 12)  
- Study in infant with maternal illness (n = 8)  
- Study in healthy infant (n = 5) 
- Study in illness Infant (n = 10) 
- Study in low-risk infants (n = 1) 
- Study effects of pharmacologic treatment (n = 13) 
- Review papers (n = 10)  
- Fewer than 4 dimensions of the NNNS (n = 2) 
- postnatal exposure (n = 4) 

Records remained after 
screening full-text articles 

(n = 170) 

According to inclusion criteria for 
article selection 

(n = 13) 

Eligible studies on Prenatal drug 
exposure (n = 7) 

Eligible studies on prenatal toxic 
substances exposure (n = 6) 

Not full-text papers 
(n = 4) 
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Research Findings 
Two key areas were identified across the final 13 studies, with the findings summarized below. 
The NNNS on Neurodevelopment of Infants with Prenatal Toxic Substance Exposure 
Six articles focused on the NNNS to assess the neurodevelopment of infants with prenatal toxic 
substance exposure, including exposure to intensive air pollution emitted from major roads (n 
= 1), bisphenol A and phthalates (n = 1), mercury (n = 1), metal mixtures (n = 1), and 
organophosphate pesticides (n = 2). Most studies were conducted in the United States (n = 5), 
and one was conducted in Thailand. (See Table 1.) 
 
Table 1 The NNNS and Its Relation to the Neurodevelopment of Infants with Prenatal Toxic 
Substance Exposure 
Author Prenatal 

exposure/ 
Age of 
assessment 

Independent 
variables 

Sample 
size 

Result 

Sittiwang 
et al. 
(2022) 
 

Prenatal 
exposure: 
Organophosphate 
pesticides/ 
Age of 
assessment: 
5 weeks 

Maternal 
urine during 
pregnancy 

320 The NNNS Score: Latent profile 
analysis (profiles 1, 2, and 3) 
Main Findings: Higher prenatal 
maternal total dialkylphosphate 
concentrations were linked to 
infants with NNNS Profile 1, 
better self-regulation and 
attention but lower arousal and 
excitability scores (OR = 1.47; 
95% CI = 1.05-2.06; P = .03). 

Tung et 
al. 
(2022) 
 

Prenatal 
exposure: 
Metal mixtures/ 
Age of 
assessment: 
at 24 hours-72 
hours age 

Placenta 
tissue biopsy 

192 The NNNS Score: Latent profile 
analysis (profiles 1, 2, 3,4, and 5) 
Main Findings: High exposure to 
metal mixtures was linked to 
infants with NNNS Profile 5 (OR 
= 3.23; 95% CI = 0.92-11.36), 
marked by low self-regulation, 
high arousal, and hypertonicity, 
poor movement quality, increased 
non-optimal reflexes, and 
heightened stress signs. 

Zhang et 
al. 
(2020) 

Prenatal 
exposure: 
Intensive air 
pollution emitted 
from major 
roads/ 
Age of 
assessment: 
34-37 wk. 

Density of 
vehicle miles 
traveled  

240 The NNNS Score: Summary 
scores and latent profile analysis 
(profiles 1, 2, and 3) 
Main Findings: Hypotonia 
showed a significant association 
with vehicle miles traveled (104 
vehicle-mile/km²) at distances of 
150 m (β = .01, P < .05), 300 m 
(β = .01, P < .05), and 500 m (β = 
.01, P < .05). 

Xu et al. 
(2016) 

Prenatal 
exposure: 
Mercury/ 

Whole blood 
in maternal 
and cord 
blood 

344 The NNNS Score: Summary 
scores  
Main Findings: Infants with 
higher prenatal mercury exposure 
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Age of 
assessment: 
5 weeks 

exhibited increased asymmetric 
reflexes in girls (β = .16, P = .03), 
a decreased need for special 
handling during the assessment (β 
= -.04, P = .03), and a trend 
toward better attention (β = .17, P 
= .05). 

Yolton et 
al. 
(2013) 

Prenatal 
exposure: 
Organophosphate 
pesticides/ 
Age of 
assessment: 
5 weeks 

Maternal 
urine during 
pregnancy 

350 The NNNS Score: Latent profile 
analysis (profiles 1, 2,3,4 and 5) 
Main Findings: High maternal 
urinary levels of diethyl 
phosphate metabolites were 
associated with improved 
attention (β = .07, P < .05), 
reduced lethargy (β = -.07, P = 
.04), and decreased hypotonia (β 
= -.10, P = .03). High maternal 
urinary levels of 
dialkylphosphates (DAPs) 
metabolites were associated with 
fewer signs of autonomic stress 
(β = -.01, P = .01). 

Yolton et 
al. 
(2011) 

Prenatal 
exposure: 
bisphenol A and 
phthalates/ 
Age of 
assessment: 
5 weeks 

Maternal 
urinary 
during 
pregnancy 

350 The NNNS Score: Summary 
scores  
Main Findings: Prenatal exposure 
to bisphenol A showed no 
significant relationship with 
neurobehavioral outcomes. 
However, higher total di-butyl 
phthalate levels at 26 weeks of 
gestation were linked to 
decreased arousal (β = -.07, P = 
.04), improved self-regulation (β 
= .08, P = .05), reduced need for 
handling (β = -.04, P = .02) and 
increase in non-optimal reflexes 
in male infants (β = .22, P = .02). 

Note: β = Standardized coefficient, P = Probability value, OR = Odds ratio, CI = Confidence 
interval 
 
NNNS assessed neurobehavioral development in infants at 24-72 hours (n = 1), 34-37 weeks 
(n = 1), and 5 weeks after birth (n = 4). The sample sizes ranged from 192 to 350 participants, 
with an average of 299 participants per study. All six studies examined the effects of prenatal 
exposure on infants’ neurobehavioral development.  
Independent variables were collected from the density of vehicle miles traveled (n = 1), 
placenta tissue biopsy (n = 1), blood and cord blood (n = 1), and maternal urine (n = 3). The 
NNNS assessments were described using summary scores (n = 2), latent profile analysis (n = 
3), and a combination of both approaches (n = 1). 
The studies examined the relationships between prenatal exposure to toxic substances and the 
NNNS scores across the following domains: self-regulation (n = 3), arousal (n = 3), attention 
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(n = 3), handling (n = 2), hypotonia (n = 2), lethargy (n = 2), autonomic stress (n = 2), non-
optimal reflexes (n = 2), excitability (n = 1), Hypertonicity (n = 1), asymmetric reflexes (n = 
1), and quality of movement (n = 1). For infants exposed to high levels of automobile emission 
air pollution, among the 13-NNNS summary scores, hypotonia was significantly associated 
with vehicle miles traveled density (Zhang et al., 2020). After adjusting for covariates, higher 
cord whole blood total mercury was significantly associated with reduced need for special 
handling and higher asymmetry scores in female infants. Additionally, a non-significant trend 
suggested improved attention (Xu et al., 2016). Infants exposed to high levels of metal mixtures 
(cadmium, cobalt, copper, iron, manganese, molybdenum, selenium, zinc) exhibited a 
significant association with NNN Profile 5, characterized by extreme difficulties in regulation, 
heightened arousal and excitability, increased hypertonicity, a higher number of non-optimal 
reflexes, poor quality of movement, and marked signs of stress (Tung et al., 2022). In contrast, 
prenatal exposure to higher levels of organophosphates was associated with better attention, 
lower lethargy, reduced hypotonia, and fewer signs of autonomic stress (Yolton et al., 2013). 
According to Sittiwang et al. (2022), higher maternal total dialkylphosphate concentrations 
during pregnancy were linked to infants with NNNS Profile 1, characterized by better self-
regulation and attention but lower arousal and excitability scores. Additionally, prenatal 
exposure to bisphenol A did not significantly affect neurobehavioral outcomes. However, 
higher concentrations of total di-butyl phthalate at 26 weeks of gestation were linked to reduced 
arousal, improved self-regulation, and less need for handling. Higher di-butyl phthalate 
exposure in male infants was associated with increased non-optimal reflexes (Yolton et al., 
2011). Table 2 presents a comprehensive comparison of the effects of prenatal toxic substance 
exposure on neurodevelopmental outcomes across various studies. The table highlights key 
findings related to the impact of different substances on infant neurodevelopment, focusing on 
the domains of self-regulation, attention, arousal, and overall neurological integrity. 
In summary, the studies consistently suggest that prenatal exposure to a range of toxic 
substances, including air pollution, mercury, metal mixtures, organophosphate pesticides, and 
endocrine-disrupting chemicals like bisphenol A and phthalates, can have detrimental effects 
on neurodevelopment. These exposures are closely linked to impairments in self-regulation, 
attention deficits, and challenges in arousal modulation, potentially leading to long-term 
developmental delays. Certain studies also noted unexpected positive outcomes. These 
findings underscore the need for early identification and targeted interventions to mitigate the 
adverse effects of prenatal toxic substance exposure. 
 
Table 2 Comparison of Findings on Prenatal Toxic Substance Exposure and 
Neurodevelopmental Outcomes 
Study Toxic Substance Neurodevelopmental 

Outcomes 
Key Findings 

Sittiwang et 
al. (2022) 

Organophosphate 
Pesticides 

Better self-regulation and 
attention but lower arousal and 
excitability 

Improved attention, 
unexpected positive 
outcome 

Tung et al. 
(2022) 
 

Metal mixtures Low self-regulation, high 
arousal, and hypertonicity, poor 
movement quality, increased 
non-optimal reflexes, and stress 
signs 

Had adverse effects  

Zhang et al. 
(2020) 

Air pollution Hypotonia Had adverse effects 



Asian Interdisciplinary and Sustainability Review (e-ISSN: 3027-6535) [8] 
Volume 14 Number 1 (January - June 2025) 

Study Toxic Substance Neurodevelopmental 
Outcomes 

Key Findings 

Xu et al. 
(2016) 

Mercury Increased asymmetric reflexes 
in girls, decreased handling, and 
a trend toward better attention 

Improved attention, 
unexpected positive 
outcome 

Yolton et al. 
(2013) 

Organophosphate 
Pesticides 

Improved attention, reduced 
hypotonia, and fewer stress 
signs 

Improved attention, 
unexpected positive 
outcome 

Yolton et al. 
(2011) 

Bisphenol A and 
Phthalates 

Bisphenol A had no significant 
effects, while higher di-butyl 
phthalate levels were associated 
with decreased arousal, 
improved self-regulation, 
reduced handling, and increased 
non-optimal reflexes 

There is no effect 
for bisphenol A, but 
higher di-butyl 
phthalate is linked to 
improved self-
regulation 

 
The NNNS on Neurodevelopment of Infants with Prenatal Drug Exposure 
Seven studies utilized the NNNS to evaluate the neurodevelopment of infants in response to 
prenatal drug exposure, including exposure to methamphetamine (n = 2), tobacco and 
marijuana (n = 1), smoking (n = 1), methylenedioxymethamphetamine (n = 1), methadone 
(n=1), and a combination of cocaine, opiates, tobacco, alcohol, and marijuana (n = 1). The most 
significant proportion of these studies were conducted in the United States (n = 3); others took 
place in the United Kingdom (n = 1), New Zealand (n = 1), and both the United States and New 
Zealand (n = 1). One study did not report the location (n = 1). (See Table 3.) 
 
Table 3 The NNNS and Its Relation to the Neurodevelopment of Infants with Prenatal Drug 
Exposure 
Author Prenatal exposure/ 

Age of assessment 
Independent 
variables 

Sample 
size 

Result 

Wouldes & 
Woodward 
(2020) 

Methadone/ 
Age of assessment: one 
week of birth or 
corrected gestational 
age for preterm 

Methadone 
medical 
record 

100 The NNNS Score: 
Summary score and 
Latent profile analysis 
(profiles 1, 2, 3, and 4) 
Main Findings: 
Methadone-exposed 
infants demonstrated 
significantly poorer 
attention (B = -.95, P < 
.01), regulation (B = -
.86, P < .01), and 
quality of movement 
(B = -.16, P < .01). 
They were also 
significantly more 
excitable (B = .50, P < 
.01), more easily 
aroused (B = .40, P < 
.01), and exhibited 
more non-optimal 
reflexes (B = .88, P < 
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Author Prenatal exposure/ 
Age of assessment 

Independent 
variables 

Sample 
size 

Result 

.01), hypertonicity (B = 

.34, P < .01), and total 
stress (B = .05, P < 
.01). 

Stroud et al. 
(2018a) 

Tobacco and marijuana/  
Age of assessment: 
postnatal days 0, 1, 2, 3, 
5, 11, and 32. (7 times) 

Maternal and 
infant saliva, 
Meconium 

111 The NNNS Score: 
summary score 
Main Findings: 
Marijuana and tobacco-
exposed, co-use infants 
demonstrated 
decreased self-
regulation (β = -.38, P 
< .01) and attention (β 
= -.63, P = .05), an 
increased handling 
scores (β = .28, P < 
.01), and lethargy (β = 
.14, P < .05).  

Stroud et al. 
(2018b) 

Smoking/ 
Age of assessment: 
Days 0, 1, 2, 3-4, 5, 11, 
and 32 

Saliva 
cotinine 
(Mother and 
infant), 
Meconium 

52 The NNNS Score: 
summary scores 
Main Findings: 
Maternal smoking 
during pregnancy x 
fetal quality of 
movements was 
associated with 
decreased infant 
attention (B = - .10, P 
= .02), increased 
lethargy (B = 1.40, P < 
.01) and quality of 
movement (B = .37, P 
= .02). Infants with 
Maternal smoking 
group x fetal complex 
movements was linked 
to decrease self-
regulation (B = -.97, P 
= .02). Infants with 
Maternal smoking 
group x fetal coupling 
index was showed 
more handling scores 
during the first 
postnatal month (B = 
.23, P = .03). 

Kiblawi et 
al. (2014) 

Methamphetamine/ Meconium 185 The NNNS Score: 
summary scores 
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Author Prenatal exposure/ 
Age of assessment 

Independent 
variables 

Sample 
size 

Result 

Age of assessment:  
5 days of life and again 
at 1 month 

Main Findings: Both 
exposed and 
comparison groups 
demonstrated high 
quality of movement (P 
= .03), decreased 
lethargy (P < .01), and 
fewer asymmetric 
reflexes (P = .01), with 
no significant 
differences in NNNS 
scores between the 
groups. At 1 month of 
life, arousal levels 
increased in exposed 
infants but declined in 
the comparison group 
(P = .03). Total stress 
was reduced in 
exposed infants (P = 
.03). 

Singer et al. 
(2012) 

3,4-
methylenedioxymetham
phetamine / 
Age of assessment:  
1 month 

Interviewed 
about 
substance-
using 

28 The NNNS Score: 
summary scores 
Main Findings: No 
differences were found 
between groups when 
comparing mean 
scores. However, 
examining score 
distributions revealed a 
nonsignificant trend for 
methylenedioxymetha
mphetamine -exposed 
infants to show more 
lethargic behaviors 
compared to non- 
methylenedioxymetha
mphetamine -exposed 
infants (91% vs. 73%, 
likelihood ratio χ² = 
3.31, P = .07) 

LaGasse et 
al. (2011) 

Methamphetamine  
Age of assessment:  
5 days 

Self-report 
and 
meconium 
assay with 
alcohol, 
marijuana, 

183 The NNNS Score: 
Summary Scores 
Main Findings: 
Methamphetamine 
exposure was 
associated with poorer 
quality of movement, 
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Author Prenatal exposure/ 
Age of assessment 

Independent 
variables 

Sample 
size 

Result 

and tobacco 
exposures 

increased total, 
physiological, and 
central nervous system 
stress, and more non-
optimal reflexes (P < 
.05). Heavy MA 
exposure was linked to 
lower arousal and 
excitability. First-
trimester use predicted 
higher stress (β = .11, P 
= .03), physiological 
stress (β = .16, P < 
.01), and central 
nervous system stress 
(β = .21, P = .02). 
Third-trimester use 
predicted increased 
lethargy (β = .14, P < 
.01) and hypotonicity 
(β = .11, P = .03). 

Liu et al. 
(2010) 

Cocaine, opiate, 
tobacco, alcohol, and 
marijuana/ 
Age of assessment:  
1 month 

Report of 
drugs used 
and/or a 
positive 
meconium 
assay for 
cocaine 

658 The NNNS Score: 
Latent profile analysis 
(profiles 1, 2, 3, 4 and 
5) 
Main Findings: Infant 
Profile 5 (n = 72, 
5.8%), representing the 
poorest performance, 
showed the most 
extreme negative 
scores. These infants 
had the lowest levels of 
attention and self-
regulation, highest 
handling needs, and 
displayed increased 
arousal, excitability, 
and hypertonicity. 
They also exhibited the 
lowest quality of 
movement and the 
most severe signs of 
stress (P < .01). 

Note: β = Standardized coefficient, B = Unstandardized coefficient, P = Probability value 
 
The NNNS assessed neurobehavioral development within various timeframes, from birth to 37 
days after birth. Specifically, assessments were conducted within five days after birth (n = 1), 
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within seven days after birth (n = 1), at 1 month of age (n = 2), and in multiple assessments (n 
= 3), such as at two-time points (birth and 30 days) or across seven-time points (0, 1, 2, 3, 5, 
11, and 32 days). The sample sizes ranged from 28 to 658 participants, averaging 188 
participants per study. 
Independent variables were collected from maternal and infant saliva (n = 2), meconium (n = 
4), interviews (n = 2), medical records (n = 2), and self-reports (n = 1). NNNS scores were 
reported through summary scores (n = 5), latent profile analysis (n = 1), and a combination of 
both approaches (n = 1). 
The studies identified significant associations between prenatal drug exposure and NNNS 
scores across several domains, including quality of movement (n = 5), self-regulation (n = 4), 
attention (n = 4), lethargy (n = 4), arousal (n = 4), stress (n = 4), handling (n = 3), excitability 
(n = 3), hypertonicity (n = 2), non-optimal reflexes (n = 2), hypotonicity (n = 1) and asymmetric 
reflexes (n = 1). Prenatal methadone exposure was associated with significantly poorer 
attention, self-regulation, and quality of movement. Infants in this group also showed higher 
levels of excitability, increased arousal, and more non-optimal reflexes, hypertonicity, and 
overall signs of stress and abstinence compared to infants in the control group (Wouldes & 
Woodward, 2020). Infants prenatally exposed to marijuana and tobacco exhibited decreased 
self-regulation and attention, increased handling scores, and lethargy. Co-exposure 
compounded these effects, reducing self-soothing and increasing the need for handling (Stroud 
et al., 2018a). Maternal smoking was associated with fetal movement and decreased attention, 
self-regulation, and increased lethargy, quality of movement, and handling scores in infants 
during the first month (Stroud et al., 2018b). Methamphetamine-exposed infants exhibited a 
high quality of movement, reduced lethargy, and fewer asymmetric reflexes, comparable to the 
comparison group. During the first month of life, arousal levels increased in exposed infants 
but decreased in the comparison group. Additionally, total stress levels declined in exposed 
infants. However, both groups had a background of prenatal exposure to alcohol, tobacco, and 
marijuana (Kiblawi et al., 2014). 
Another study linked methamphetamine exposure to poorer quality of movement, increased 
total stress, and to other non-optimal reflexes in infants. Heavy methamphetamine exposure 
was linked to lower arousal and excitability. First-trimester methamphetamine use predicted 
higher levels of stress, physiological stress, and central nervous system stress; third-trimester 
use was associated with increased lethargy and hypotonicity (LaGasse et al., 2011). No 
differences were found between the mean scores between the 
methylenedioxymethamphetamine-exposed and comparison groups. However, 
methylenedioxymethamphetamine-exposed infants showed increased lethargy and reduced 
motor, state, and physiological reactivity, though these differences were nonsignificant (Singer 
et al., 2012). For cocaine, opiate, tobacco, alcohol, and marijuana exposure, Infant Profile 5 
showed the most severe deficits, including the lowest attention and self-regulation, highest 
handling needs, and elevated levels of arousal, excitability, and hypertonicity. These infants 
also exhibited the poorest movement quality and the most pronounced signs of stress (Liu et 
al., 2010). Table 4 offers a detailed comparison of the neurodevelopmental outcomes 
associated with prenatal drug exposure across various studies. It highlights the extent to which 
different substances, such as methamphetamine, cocaine, alcohol, and opioids, impact the 
developmental trajectory of infants. The table provides a comprehensive view of how prenatal 
exposure to these drugs affects key neurobehavioral domains, such as motor skills, attention, 
self-regulation, and stress responses. The comparative analysis facilitates a deeper 
understanding of the potential risks of different drugs. It emphasizes the need for targeted 
interventions to support at-risk infants in their early developmental stages. 
In summary, the findings from these seven studies consistently show that prenatal drug 
exposure has a detrimental impact on neurodevelopmental outcomes in infants. The effects are 
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particularly evident in critical areas such as quality of movement, self-regulation, attention, and 
stress response. Infants exposed to substances like methamphetamine, cocaine, alcohol, and 
opioids demonstrate impairments in these key developmental domains, underscoring the 
importance of early intervention and support to mitigate long-term developmental challenges. 
 
Table 4 Comparison of Findings on Prenatal Drug Exposure and Neurodevelopmental 
Outcomes 
Study Drugs Neurodevelopmental 

Outcomes 
Key Findings 

Wouldes & 
Woodward 
(2020) 

Methadone Poor attention, self-regulation, 
and quality of movement; high 
excitability; increased non-
optimal reflexes, hypertonicity, 
and stress 

Deficits in multiple 
domains 

Stroud et al. 
(2018a) 

Tobacco, 
Marijuana 

Decreased self-regulation and 
attention; increased handling 
and lethargy 

Decreased self-
regulation and 
attention 

Stroud et al. 
(2018b) 

Smoking Decreased attention and self-
regulation; increased lethargy 
and reduced quality of 
movement; increased need for 
handling 

Decreased self-
regulation and 
attention 

Kiblawi et al. 
(2014) 

Methamphetamine Decreased lethargy; increased 
movement quality; low arousal 

Had adverse effects  

LaGasse et 
al. (2011) 

Methamphetamine Poor quality of movement; 
increased stress and non-
optimal reflexes; low arousal 
and excitability 

Had adverse effects 

Liu et al. 
(2010) 

Tobacco, Alcohol, 
Marijuana 

Poor attention and self-
regulation; increased handling, 
arousal, excitability, and 
hypertonicity; poor quality of 
movement; increased signs of 
stress 

Decreased self-
regulation and 
attention 

 
Discussion 
This study systematically reviewed the usefulness of the NNNS for assessing 
neurodevelopment in infants prenatally exposed to toxic substances or drugs. The findings 
show that the NNNS is effective in assessing neurobehavioral outcomes in these infants. The 
discussion focuses on two key areas: 
1) Prenatal Toxic Substance Exposure and the NNNS Outcomes: Prenatal exposure to toxic 
substances, including air pollution, bisphenol A, phthalates, mercury, metal mixtures, and 
organophosphate pesticides, has been linked to neurodevelopmental effects, particularly in 
self-regulation, arousal, and attention. While certain substances (i.e., organophosphates and 
mercury) showed positive and negative effects, the overall trend suggests primarily adverse 
outcomes. Below are examples of toxic substance exposure and their impact on NNNS 
outcomes. 
1.1) Air pollution: Prenatal exposure to high levels of traffic-related air pollution was linked to 
higher scores for hypotonia and lethargy, with a significant correlation between these outcomes 
and vehicle miles traveled (Zhang et al., 2020). These findings align with previous research, 
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which shows that prenatal exposure to environmental pollutants disrupts neuromotor 
development and self-regulation (Perera et al., 2006) 
1.2) Phthalates: Exposure to phthalates, particularly di-butyl phthalate, was associated with 
reduced arousal, improved self-regulation, and a decreased need for handling (Yolton et al., 
2011). These findings suggest that certain phthalates may have a protective effect on specific 
aspects of neurodevelopment, such as self-regulation. 
1.3) Organophosphate pesticides: Contrary to the findings of studies reporting cognitive and 
behavioral deficits in older children exposed to organophosphate pesticides (Bouchard et al., 
2011; Eskenazi et al., 2007), unexpected outcomes were observed in infants exposed to these 
pesticides, with improved attention noted (Sittiwang et al., 2022; Yolton et al., 2013). This 
discrepancy may be attributed to factors such as lower exposure levels in the studied cohort or 
protective influences like higher socioeconomic status and better nutrition (e.g., a diet rich in 
vegetables), which could have mitigated the potential adverse effects of exposure (Yolton et 
al., 2013). 
1.4) Mercury: Prenatal mercury exposure presents a complex profile. While it was linked to 
increased asymmetry in reflexes in girls, it also showed a trend toward improved attention and 
reduced need for handling (Xu et al., 2016). These findings are partially consistent with studies 
suggesting that moderate mercury exposure, particularly through fish consumption, may have 
neurodevelopmental benefits due to omega-3 fatty acids (Chowdhury et al., 2022). 
Socioeconomic status, maternal behavior, and environmental context may further influence 
these neurodevelopmental outcomes. 
The NNNS is widely recognized as effective in assessing the relationship between prenatal 
substance exposure and neurobehavioral development. This systematic review, which 
evaluated five categories of substances, highlighted that different types of substance exposure 
produce distinct effects on infant development. 
While studies on specific exposures, such as phthalates, offer limited insight into 
neurobehavioral development, other toxic substances, including air pollution and metal, show 
significant adverse impacts on infant development. Notably, most studies on prenatal toxic 
substance exposure were conducted in the United States, with only one study based in Thailand. 
This geographical imbalance limits the generalizability of findings, as regional differences in 
healthcare systems, environmental exposures, and socioeconomic factors can influence 
outcomes. Nevertheless, environmental pollution is a global issue, with contaminants traveling 
through air, water, soil, and food, affecting children worldwide. Expanding the use of the 
NNNS to assess infants in diverse regions could offer a more comprehensive understanding of 
neurodevelopmental outcomes and inform intervention strategies that are globally relevant. 
2) Prenatal Drug Exposure and the NNNS Outcomes: The neurodevelopmental effects of 
prenatal drug exposure were more consistently detrimental than those of exposure to toxic 
substances. In the seven studies included in the systematic review, infants exposed to 
methamphetamine, methadone, marijuana, and tobacco showed significant deficits in quality 
of movement, self-regulation, attention, and stress response. The following are examples of 
drug exposure and their associated effects on NNNS outcomes. 
2.1) Methamphetamine: Prenatal exposure to methamphetamine was linked to poorer 
movement quality, heightened stress signs, and reduced arousal, particularly in infants with 
heavy exposure (Kiblawi et al., 2014; LaGasse et al., 2011). These findings align with previous 
research that underscores the neurotoxic effects of amphetamines on fetal brain development 
(Ross et al., 2015). 
2.2) Methadone: Infants prenatally exposed to methadone exhibited widespread deficits across 
multiple NNNS domains, including attention, self-regulation, and movement quality, as well 
as increased excitability and stress (Wouldes & Woodward, 2020). 
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2.3) Cocaine, alcohol, tobacco, and marijuana: Exposure to substances such as cocaine, 
alcohol, tobacco, and marijuana resulted in some of the severest neurobehavioral impairments. 
Liu et al. (2010) found significant deficits in self-regulation and attention, along with elevated 
stress, excitability, and hypertonicity scores. These findings are consistent with studies 
highlighting the compounded effects of co-exposure to multiple substances, which further 
exacerbate neurodevelopmental disruptions in childhood (Fisher et al., 2011). In addition, 
marijuana and tobacco exposure were linked to increased lethargy and reduced motor activity, 
findings that align with Stroud et al. (2018a). 
Despite some variation in the severity of outcomes, the studies reviewed here consistently 
reported adverse effects of prenatal drug exposure on neurodevelopmental domains assessed 
by the NNNS. This stands in contrast to the more variable outcomes observed with toxic 
substance exposure, highlighting the significant and widespread impact of prenatal drug 
exposure on early neurobehavioral development. 
 
Conclusion 
This systematic review highlights the value of the NNNS as a key tool for assessing 
neurodevelopment in infants with prenatal exposure to toxic substances and drugs. Exposure 
to environmental toxins, such as air pollution, phthalates, mercury, metal, and organophosphate 
pesticides, has mixed effects on neurodevelopment, often affecting attention and self-
regulation. For example, exposure to air pollution led to hypotonia; phthalates improved self-
regulation but reduced arousal. Organophosphate pesticides showed better attention, low 
arousal, and excitability. In contrast, prenatal drug exposure, including tobacco, 
methamphetamine, methadone, marijuana, and polydrug use, consistently resulted in deficits 
in self-regulation, attention, and increased stress. The combined effects of multiple drug 
exposures exacerbated these adverse outcomes. Variability in study methodologies, including 
differences in sample size, assessment timing, and exposure measurement, complicated the 
interpretation of NNNS outcomes. While the effects of toxic substance exposure were mixed, 
drug exposure predominantly resulted in adverse impacts. 
The NNNS, with its multidimensional approach to evaluating attention, self-regulation, and 
stress responses, is an invaluable tool for understanding the neurodevelopmental outcomes of 
at-risk infants. Its sensitivity emphasizes the importance of early neurodevelopmental 
assessments to guide targeted interventions, improving outcomes for infants exposed to 
prenatal substances. We recommend utilizing the NNNS to identify neurodevelopmental risks 
early and inform intervention strategies. Future research should explore NNNS-based 
interventions, evaluate long-term outcomes, and investigate the influence of socioeconomic 
factors, maternal behavior, environmental context, and regional differences on 
neurodevelopment. Additional studies are needed to assess the feasibility and impact of NNNS-
based interventions across diverse populations, particularly in low-resource settings. These 
efforts will enhance the equitable implementation of the NNNS in clinical practice, ensuring 
broader access to early neurodevelopmental assessments and interventions. 
 
Acknowledgement 
We would like to thank Professor Dr.Arunya Tuicomepee for reading and commenting on the 
early draft of this paper. 
 
References 
Bandstra, E., Morrow, C., Mansoor, E., & Accornero, V. (2010 ) .  Prenatal Drug Exposure: 

Infant and Toddler Outcomes. Journal of Addictive Diseases, 29(2), 245-258. 
Blackmon, L., Batton, D., Bell, E., Denson, S., Engle, W., Kanto, W., Martin, G., & Stark, A. 

(2004). Levels of neonatal care. Pediatrics, 114(5), 1341-1347. 



Asian Interdisciplinary and Sustainability Review (e-ISSN: 3027-6535) [16] 
Volume 14 Number 1 (January - June 2025) 

Bouchard, M., Chevrier, J., Harley, K., Kogut, K., Vedar, M., Calderon, N., Trujillo, C., 
Johnson, C., Bradman, A., Barr, D., & Eskenazi, B. (2 0 1 1 ) .  Prenatal exposure to 
organophosphate pesticides and IQ in 7 - year-old children. Environmental Health 
Perspectives, 119(8), 1189-1195. 

Brenna, J. (2012 ) .  Comment: Environmental exposures: how to counsel preconception and 
prenatal patients in the clinical setting. American Journal of Obstetrics & Gynecology, 
207(6), e7. 

Bunney, P., Zink, A., Holm, A., Billington, C., & Kotz, C. (2 0 1 7 ) .  Orexin activation 
counteracts decreases in nonexercise activity thermogenesis (NEAT) caused by high-
fat diet. Physiology & Behavior, 176, 139-148. 

Chowdhury, M., Ghosh, S., Kabir, R., Mamun, A., & Islam, S. (2022). Effect of supplementary 
omega-3 fatty acids on pregnant women with complications and pregnancy outcomes: 
review from literature. The Journal of Maternal-Fetal & Neonatal Medicine, 35(13), 
2564-2580. 

Conradt, E., Sheinkopf, S., Lester, B., Tronick, E., Lagasse, L., Shankaran, S., Bada, H., Bauer, 
C., Whitaker, T., & Hammond, J. (2013). Prenatal Substance Exposure: 
Neurobiological Organization at One Month. The Journal of Pediatrics, 163(4), 989-
994. 

DeMauro, S., & Hintz, S. (2 0 1 8 ) .  Risk Assessment and Neurodevelopmental Outcomes. 
Avery's Diseases of the Newborn, 10, 971-990. 

Eeles, A., Olsen, J., Walsh, J., McInnes, E., Molesworth, C., Cheong, J., Doyle, L., & Spittle, 
A. (2017). Reliability of Neurobehavioral Assessments from Birth to Term Equivalent 
Age in Preterm and Term Born Infants. Physical & Occupational Therapy in 
Pediatrics, 37(1), 108-119. 

Engel, S., Miodovnik, A., Canfield, R., Zhu, C., Silva, M., Calafat, A., & Wolff, M. (2010 ) . 
Prenatal Phthalate Exposure Is Associated with Childhood Behavior and Executive 
Functioning. Environmental Health Perspectives, 118(4), 565-571. 

Eskenazi, B., Marks, A., Bradman, A., Harley, K., Barr, D., Johnson, C., Morga, N., & Jewell, 
N. (2007 ) .  Organophosphate Pesticide Exposure and Neurodevelopment in Young 
Mexican-American Children. Environmental Health Perspectives, 115(5), 792-798. 

Fisher, P., Lester, B., DeGarmo, D., Lagasse, L., Lin, H., Shankaran, S., Bada, H., Bauer, C., 
Hammond, J., Whitaker, T., & Higgins, R. (2011 ) .  The combined effects of prenatal 
drug exposure and early adversity on neurobehavioral disinhibition in childhood and 
adolescence. Development and Psychopathology, 23(3), 777-788. 

Haffner, D., & Sankovic, A. (2022). A Neurologist's Guide to Neonatal Neurodevelopmental 
Assessments and Preterm Brain Injury. Seminars in Pediatric Neurology, 42, 100974. 

Kiblawi, Z., Smith, L., Diaz, S., LaGasse, L., Derauf, C., Newman, E., Shah, R., Arria, A., 
Huestis, M., Haning, W., Strauss, A., DellaGrotta, S., Dansereau, L., Neal, C., & Lester, 
B. (2014). Prenatal Methamphetamine Exposure and Neonatal and Infant 
Neurobehavioral Outcome: Results from the IDEAL Study. Substance Abuse, 35 ( 1 ) , 
68-73. 

Ladhani, N., Shah, P., & Murphy, K. (2011). Prenatal amphetamine exposure and birth 
outcomes: a systematic review and metaanalysis. American Journal of Obstetrics & 
Gynecology, 205(3), 219.e1-219.e7. 

LaGasse, L., Wouldes, T., Newman, E., Smith, L., Shah, R., Derauf, C., Huestis, M., Arria, A., 
Grotta, S., Wilcox, T., & Lester, B. (2011).  Prenatal methamphetamine exposure and 
neonatal neurobehavioral outcome in the USA and New Zealand. Neurotoxicology and 
Teratology, 33(1), 166-175. 

Lester, B., & Tronick, E. (2004). The Neonatal Intensive Care Unit Network Neurobehavioral 
Scale Procedures. Pediatrics, 113(Supplement_2), 641-667. 



Asian Interdisciplinary and Sustainability Review (e-ISSN: 3027-6535) [17] 
Volume 14 Number 1 (January - June 2025) 

Levine, T., & Woodward, L. (2018). Early inhibitory control and working memory abilities of 
children prenatally exposed to methadone. Early Human Development, 116, 68-75. 

Liu, J., Bann, C., Lester, B., Tronick, E., Das, A., Lagasse, L., Bauer, C., Shankaran, S., & 
Bada, H. (2010). Neonatal Neurobehavior Predicts Medical and Behavioral Outcome. 
Pediatrics, 125(1), e90-e98. 

Narkowicz, S., Płotka, J., Polkowska, Z., Biziuk, M., & Namieśnik, J. (2 0 1 3 ) .  Prenatal 
exposure to substance of abuse: A worldwide problem. Environment International, 54, 
141-163. 

Neira, M., & Prüss-Ustün, A. (2016). Preventing disease through healthy environments: A 
global assessment of the environmental burden of disease. Toxicology Letters, 
259(Supplement), S1. 

Noland, J., Singer, L., Short, E., Minnes, S., Arendt, R., Kirchner, H., & Bearer, C. (2005 ) . 
Prenatal drug exposure and selective attention in preschoolers. Neurotoxicology and 
Teratology, 27(3), 429-438. 

Perera, F., Rauh, V., Whyatt, R., Tsai, W., Tang, D., Diaz, D., Hoepner, L., Barr, D., Tu, Y., 
Camann, D., & Kinney, P. (2006). Effect of Prenatal Exposure to Airborne Polycyclic 
Aromatic Hydrocarbons on Neurodevelopment in the First 3 Years of Life among 
Inner-City Children. Environmental Health Perspectives, 114(8), 1287-1292. 

Ross, E., Graham, D., Money, K., & Stanwood, G. (2015). Developmental Consequences of 
Fetal Exposure to Drugs: What We Know and What We Still Must Learn. 
Neuropsychopharmacology, 40, 61-87. 

Salisbury, A., Lester, B., Seifer, R., Bauer, C., Shankaran, S., Bada, H., Wright, L., Liu, J., & 
Poole, K. (2 0 0 7 ) .  Prenatal cocaine use and maternal depression: effects on infant 
neurobehavior. Neurotoxicology and Teratology, 29(3), 331-340. 

Singer, L., Moore, D., Fulton, S., Goodwin, J., Turner, J., Min, M., & Parrott, A. (2012 ) . 
Neurobehavioral outcomes of infants exposed to MDMA (Ecstasy) and other 
recreational drugs during pregnancy. Neurotoxicology and Teratology, 34(3), 303-310. 

Sittiwang, S., Nimmapirat, P., Suttiwan, P., Promduang, W., Chaikittipornlert, N., Wouldes, 
T., Prapamontol, T., Naksen, W., Promkam, N., Pingwong, S., Breckheimer, A., 
Cadorett, V., Panuwet, P., Barr, D., Baumert, B., Ohman-Strickland, P., & Fiedler, N. 
(2022 ) .  The relationship between prenatal exposure to organophosphate insecticides 
and neurodevelopmental integrity of infants at 5-weeks of age. Frontiers in 
Epidemiology, 2, 1039922. 

Spittle, A., Thompson, D., Brown, N., Treyvaud, K., Cheong, J., Lee, K., Pace, C., Olsen, J., 
Allinson, L., Morgan, A., Seal, M., Eeles, A., Judd, F., Doyle, L., & Anderson, P. 
(2014 ) .  Neurobehaviour between birth and 40 weeks’ gestation in infants born <30 
weeks’ gestation and parental psychological wellbeing: predictors of brain development 
and child outcomes. BMC Pediatrics, 14, 111. 

Spittle, A., Walsh, J., Potter, C., Mcinnes, E., Olsen, J., Lee, K., Anderson, P., Doyle, L., & 
Cheong, J. (2017 ) .  Neurobehaviour at term-equivalent age and neurodevelopmental 
outcomes at 2 years in infants born moderate-to-late preterm. Developmental Medicine 
& Child Neurology, 59(2), 207-215. 

Stroud, L., McCallum, M., & Salisbury, A. (2018b). Impact of maternal prenatal smoking on 
fetal to infant neurobehavioral development. Development and Psychopathology, 30(3), 
1087-1105. 

Stroud, L., Papandonatos, G., McCallum, M., Kehoe, T., Salisbury, A., & Huestis, M. (2018a). 
Prenatal tobacco and marijuana co-use: Impact on newborn neurobehavior. 
Neurotoxicology and Teratology, 70, 28-39. 



Asian Interdisciplinary and Sustainability Review (e-ISSN: 3027-6535) [18] 
Volume 14 Number 1 (January - June 2025) 

Sullivan, M., Miller, R., Fontaine, L., & Lester, B. (2012). Refining Neurobehavioral 
Assessment of the High‐Risk Infant Using the NICU Network Neurobehavioral Scale. 
Journal of Obstetric, Gynecologic, and Neonatal Nursing, 41(1), 17-23. 

Tronick, E., & Lester, B. (2013). Grandchild of the NBAS: The NICU Network 
Neurobehavioral Scale (NNNS). Journal of Child and Adolescent Psychiatric Nursing, 
26(3), 193-203. 

Tung, P., Burt, A., Karagas, M., Jackson, B., Punshon, T., Lester, B., & Marsit, C. (2022 ) . 
Prenatal exposure to metal mixtures and newborn neurobehavior in the Rhode Island 
Child Health Study. Environmental Epidemiology, 6(1), e194. 

World Health Organization. (2017).  Don’t Pollute my future! The impact of the environment 
on children’s health. Geneva: World Health Organization. 

Wouldes, T., & Woodward, L. (2020). Neurobehavior of newborn infants exposed prenatally 
to methadone and identification of a neurobehavioral profile linked to poorer 
neurodevelopmental outcomes at age 24 months. PLoS ONE, 15(10), e0240905. 

Xu, Y., Khoury, J., Sucharew, H., Dietrich, K., & Yolton, K. (2016). Low-level gestational 
exposure to mercury and maternal fish consumption: Associations with neurobehavior 
in early infancy. Neurotoxicology and Teratology, 54, 61-67. 

Yolton, K., Xu, Y., Strauss, D., Altaye, M., Calafat, A., & Khoury, J. (2011). Prenatal exposure 
to bisphenol A and phthalates and infant neurobehavior. Neurotoxicology and 
Teratology, 33(5), 558-566. 

Yolton, K., Xu, Y., Sucharew, H., Succop, P., Altaye, M., Popelar, A., Montesano, M., Calafat, 
A., & Khoury, J. (2013). An observational study measuring the impact low-level 
gestational exposure to organophosphate pesticides on neurobehavior in early infancy. 
Environmental Health: A Global Access Science Source, 12(1), 79. 

Zhang, Q., Chen, X., Huang, X., Wang, M., & Wu, J. (2019). The association between prenatal 
exposure to phthalates and cognition and neurobehavior of children-evidence from birth 
cohorts. NeuroToxicology, 73, 199-212. 

Zhang, X., Spear, E., Gennings, C., Curtin, P., Just, A., Bragg, J., & Stroustrup, A. (2020). The 
association of prenatal exposure to intensive traffic with early preterm infant 
neurobehavioral development as reflected by the NICU Network Neurobehavioral 
Scale (NNNS). Environmental Research, 183, 109204. 

 
Data Availability Statement: The raw data supporting the conclusions of this article will be 
made available by the authors, without undue reservation. 
 
Conflicts of Interest: The authors declare that the research was conducted in the absence of 
any commercial or financial relationships that could be construed as a potential conflict of 
interest. 
 
Publisher’s Note: All claims expressed in this article are solely those of the authors and do 
not necessarily represent those of their affiliated organizations, or those of the publisher, the 
editors and the reviewers. Any product that may be evaluated in this article, or claim that may 
be made by its manufacturer, is not guaranteed or endorsed by the publisher. 
 

Copyright: © 2025 by the authors. This is a fully open-access article 
distributed under the terms of the Attribution-NonCommercial-
NoDerivatives 4.0 International (CC BY-NC-ND 4.0). 


	Literature Review

