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A retrospective study on the impact of prenatal amphetamine exposure on child development under
five years of age
Thidarat Pankaew ', J itraporn Pattamanukul :
: Developmental and Behavioral Pediatrician, Department of Pediatrics, Uttaradit Hospital, Uttaradit,
Thailand

? Registered nurse (RN), Department of Pediatrics, Uttaradit Hospital, Uttaradit, Thailand

Abstracts

Background: Amphetamine use within families can impact various aspects of child development, especially
when exposure occurs in utero. However, data on its long-term effects remain limited, necessitating further
research.

Objectives: To examine the impact of maternal amphetamine use during pregnancy on early childhood
development, focusing on its association with developmental delays in gross motor, fine motor, receptive
language, expressive language, and personal-social skills.

Method: This retrospective study utilized medical records from Uttaradit Hospital, focusing on children registered
in Uttaradit Province between October 1, 2017, and September 30, 2022. Data were collected using the
Developmental Surveillance and Promotion Manual (DSPM) from the Uttaradit Health Data Center (HDC).
Statistical comparisons were made using risk regression under Poisson distribution, presenting effect sizes with
risk ratios across five developmental domains.

Results: A total of 8,453 infants received care at Uttaradit Hospital, with 6,860 having DSPM records in the HDC.
The children were divided into two groups based on their mothers' amphetamine use history: 6,798 children
whose mothers had no history of use, and 62 children whose mothers had a history of use (48 tested positive for
amphetamines in urine, and 14 tested negative). Infants born to mothers with a history of amphetamine use
exhibited significantly lower birth weights and developmental delays in the DSPM at 9 months. Additionally,
children whose urine did not test positive for amphetamines at birth demonstrated significant developmental
delays (3.31-7.33 times) across all domains compared to the group with mothers without a history of use. On the
other hand, infants with positive urine tests at birth showed significant delays in fine motor skills, expressive
language, and personal-social skills.

Conclusion: The study highlights that children born to mothers with a history of amphetamine use demonstrate
significant developmental delays at 9 months of age, even when initial urine tests for amphetamines are negative.

Keywords: Amphetamine, DSPM, Development, Pregnancy, Prenatal Amphetamine
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Introduction

Amphetamine, a synthetic non-catecholamine sympathomimetic amine, was first discovered in
the United States about a century ago. It exerts psychostimulant effects on the sympathetic nervous
system, enhancing alertness and concentration. Initially, amphetamine was widely used, but it later
became a controlled substance due to its potential for both therapeutic benefits and harm.
Lisdexamfetamine, a prodrug of d-amphetamine, is the first of its kind approved for the treatment of
attention deficit hyperactivity disorder (ADHD) and narcolepsy in children, adolescents, and adults in the
United States.

In Thailand, amphetamine is classified strictly as an illegal substance. Historically, laborers
commonly consumed it in tablet form. Over time, modifications to its chemical structure enhanced its
psychotropic effects while reducing cardiovascular side effects, resulting in methamphetamine, which
remains a significant public health issue today.

An alarming trend is the increasing use of amphetamines by pregnant women."” Infants born to
mothers who used amphetamines during pregnancy frequently exhibit a range of neonatal complications,}

including low birth weight, intrauterine growth restriction, preterm birth, respiratory distress,
microcephaly, and Neonatal Abstinence Syndrome (NAS), depending on the half-life of the drug (48-60
hours for methamphetamine).9’10 Systematic effects on newborns include impacts on the nervous,
gastrointestinal, and respiratory systems. Furthermore, mothers who use amphetamines during pregnancy
often exhibit delayed or inadequate prenatal care, are more likely to have multiple pregnancies, and are at
greater risk for severe maternal morbidity and mortality, including gestational hypertension and
preeclampsia with severe features.”""

Long-term studies have followed children exposed to amphetamines in utero through ages 8 and
14."" These studies have found significant associations between maternal amphetamine use (both in
quantity and duration) and adverse psychological outcomes, including aggressive behavior, adjustment
difficulties, and impaired growth in various domains. While maternal amphetamine misuse is likely linked
to neurodevelopmental deficits, it remains unclear whether these outcomes are due to amphetamine
exposure itself or related familial factors,m’]5 such as the increased risk of child abuse (physical,
emotional, neglect, and sexual) in mothers who use methamphetamines during pregnancy.

Children born to mothers who use amphetamines are at higher risk for congenital abnormalities
and suboptimal care, which may hinder their development. Given that child development is a critical

predictor of the quality of the future population, developmental disorders increase the likelihood of
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academic difficulties, substance abuse, and risky adolescent behaviors, such as unprotected sex, teenage
pregnancy, accidents, and violence. These risks further predispose individuals to mental health problems,
psychiatric disorders, and chronic physical illnesses in adulthood. Once these issues arise, they are often
difficult and costly to address, making early intervention crucial, particularly during brain development in
the first 5-6 years of life.

Further research is needed to fully assess the long-term developmental consequences in children
prenatally exposed to amphetamines. This study aimed to examine the impact of maternal amphetamine
use during pregnancy on early childhood development, focusing on its association with developmental

delays in gross motor, fine motor, receptive language, expressive language, and personal-social skills.

Methods
Design

This study employed a retrospective design to investigate prognostic factors associated with
developmental outcomes in children. Data were systematically collected from the Child Development
Promotion Project in honor of Her Royal Highness Princess Maha Chakri Sirindhorn, commemorating
Her Majesty’s five-cycle celebration on April 2, 2015.
Setting

Data were obtained from the medical records of pediatric patients born or receiving neonatal care
at Uttaradit Hospital, Thailand, between October 1, 2017, and September 30, 2022. Eligible participants
were those with a registered address in Uttaradit Province and at least one documented developmental
assessment using the Developmental Surveillance and Promotion Manual (DSPM) conducted by medical
personnel aged 9, 18, 30, 42, or 60 months. Patients were excluded if no DSPM data were available in the
Health Data Center (HDC) of Uttaradit Hospital.
Definition

Amphetamine-related history referred to children whose mothers had a positive urine test for
amphetamine during pregnancy or who self-reported amphetamine use during pregnancy despite negative
urine results. It also included mothers diagnosed with amphetamine dependence or abuse (ICD-10 code:
F15) based on medical records. At birth, the presence of amphetamine in the child’s urine might or might

not have been detected.
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Positive urine amphetamine referred to children who had detectable levels of amphetamine in
their urine at birth.

Negative urine amphetamine referred to children who had no detectable levels of amphetamine
in their urine at birth.

No amphetamine-related history referred to children whose urine was not tested for
amphetamine at birth and whose mothers had no reported history of amphetamine use or a diagnosis of
amphetamine abuse.

Data collection

Clinical information collected for each patient included gender, age, date of birth, birth weight,
and maternal age. Developmental data were assessed using the Developmental Surveillance and
Promotion Manual (DSPM) across five domains: gross motor development, fine motor development,
receptive language development, expressive language development, and personal-social development. The
overall developmental outcomes were also recorded.

This study was approved by the Human Research Ethics Committee of Uttaradit Hospital (Project
No. 15/2023) and the Uttaradit Provincial Public Health Office (UPHO REC No. 060/2566).

Sample size and statistical analysis

Based on the assumption that developmental delays would be observed in 60% of children born to
mothers with a history of amphetamine use and in 20% of children born to mothers without such a history,
a two-sided test with a significance level of 0.05 and a power of 0.80 was used. The ratio of children with
and without a maternal amphetamine history was set at 1:136. Using these parameters, the required
sample size was calculated to be 45 in the exposed group (amphetamine-related history) and 6,120 in the
unexposed group (no amphetamine-related history). To account for a 10% rate of incomplete data, the
final sample size was adjusted to 50 cases in the exposed group and 6,800 cases in the unexposed group.
Sample size calculation was performed using Stata version 16.1.

Continuous variables were reported as means with standard deviations (SD), and categorical
variables were presented as percentages. Statistical comparisons were made using risk regression based on

the Poisson distribution, with effect sizes reported as risk ratios (RR).
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Results

Children received neonatal care
at Uttaradit Hospital

(n=8,453)

Exclusion criteria

\ 4

no Uttaradit HDC data

(n=1.563)

Children received neonatal care at Uttaradit Hospital

with Uttaradit HDC data

(n=6,860)

\ 4

Children with

amphetamine-related history mother

\ 4

Children with out
amphetamine-related history mother

(n=6,798)

(n=62)
v 4
Negative urine Positive urine
amphetamine amphetamine
at birth at birth

Figure 1 Study flow diagram

Total of 8,453 children were born or received neonatal care at Uttaradit Hospital, residing in

Uttaradit Province, between October 1, 2017, and September 30, 2022 (over the past five fiscal years). Of
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these, 6,860 children (81.2% ) had recorded developmental surveillance data in the Health Data Center

(HDC) in Uttaradit Province (Figure 1).

Table 1 Demographic data

Amphetamine-related history

Characters Related history No history p value
n=62 n=6,798
n (%) n (%)

Male 32(51.6) 3,561 (52.4) 0.766

Birthweight (g, mean+SD) 2,594.4+576.3 3,044.4+470.4 <0.001**

Maternal age (yr, mean+SD) 29.7+7.8 28.1+6.4 0.258

*p value < 0.05, **p value <0.001

There were no significant differences in maternal age and gender between groups. However,
children born to mothers with a history of amphetamine use had significantly lower birth weights

compared to those born to mothers without such a history (Table 1).

Table 2 Interpretation of development by DSPM

Amphetamine-related history

Interpretation Related history No history  p value
n (%) n (%)
Age 9 months n=24 n=1,891
Normal surveillance 13 (54.2) 1,382 (73.1) reference
Abnormal surveillance 11 (45.8) 509 (26.9) 0.036
Gross motor delay 2(8.3) 62 (3.3) 0.026
Fine motor delay 7(29.2) 111 (5.9) <0.001
Receptive language delay 3 (12.5) 43 (2.3) 0.005
Expressive language delay 3 (12.5) 35(1.9) <0.001
Personal-social delay 3(12.5) 28 (1.5) 0.002
Unspecified 11 (45.8) 469 (24.8) 0.044
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Amphetamine-related history

Interpretation Related history No history  p value
n (%) n (%)
Age 18 months n=34 n=2,208
Normal surveillance 17 (50.0) 1,533 (69.4) reference
Abnormal surveillance 17 (50.0) 675 (30.6) 0.008
Gross motor delay 0(0) 22 (1.0) 1.000
Fine motor delay 4(11.7) 67 (3.0) 0.023
Receptive language delay 3 (8.8) 119 (5.4) 0.355
Expressive language delay 1 (2.9) 72 (3.3) 1.000
Personal-social delay 1(2.9) 55(2.5) 0.580
Unspecified 17 (50.0) 641(29.1) 0.005
Age 30 months n=18 n=2,353
Normal surveillance 10 (55.5) 1,728 (73.4) reference
Abnormal surveillance 8(44.4) 625 (26.6) 0.192
Gross motor delay 0(0) 24 (1.0) 1.000
Fine motor delay 1(5.5) 38 (1.6) 0.259
Receptive language delay 1 (5.5) 69 (2.9) 0.418
Expressive language delay 0 (0) 62 (2.6) 1.000
Personal-social delay 0(0) 67 (2.8) 1.000
Unspecified 8 (44.4) 613 (26.0) 0.121
Age 42 months n=15 n=2,130
Normal surveillance 12 (80.0) 1,556 (73.1) reference
Abnormal surveillance 3(20.0) 574 (26.9) 0.708
Gross motor delay 0(0) 10 (0.5) 1.000
Fine motor delay 1(6.7) 67 (3.2) 0.384
Receptive language delay 0 (0) 89 (4.2) 1.000
Expressive language delay 0 (0) 52(2.4) 1.000
Personal-social delay 0(0) 62 (2.9) 1.000
Unspecified 2(13.3) 555(26.1) 0.629
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Amphetamine-related history

Interpretation Related history No history  p value
n (%) n (%)
Age 60 months n=4 n=1,083
Normal surveillance 3(75.0) 897 (82.9) reference
Abnormal surveillance 1(25.0) 186 (17.1) 0.237
Gross motor delay 0(0) 3(0.3) 1.000
Fine motor delay 0(0) 9(0.8) 1.000
Receptive language delay 0 (0) 24 (2.2) 1.000
Expressive language delay 0 (0) 31(2.8) 1.000
Personal-social delay 0(0) 31(2.8) 1.000
Unspecified 1(25.0) 180 (16.6) 0.228

Fisher’s Exact Test

At 9 months, children born to mothers with a history of amphetamine use exhibited significantly
more frequent abnormal surveillance compared to those without such a history (45.8% vs. 26.9%, p value
0.036) ( Table 2). Specific developmental delays were observed, with gross motor delay being more
common in the amphetamine-related history group (8.3% vs. 3.3%, p value 0.026) and expressive
language delay (12.5% vs. 1.9%, p value <0.001) (Table 2).

At 18 months, the trend of developmental delays persisted. Abnormal surveillance remained
significantly higher in children with a maternal history of amphetamine use (50.0% vs. 30.6%, p value
0.008). Fine motor delays were more frequent in the amphetamine-related group (11.7% vs. 3.40 %, p
value 0.023) (Table 2).

At 30, 42, and 60 months, no significant differences in abnormal surveillance or developmental

delays were observed between the two groups across the various developmental domains.
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Table 3 Effect of maternal amphetamine use on children under 5 years old in 5 domains of development,

and mothers without a history of amphetamine use.

Domain Negative urine amphetamine Positive urine amphetamine
N=14 N=48
OR 95% CI p value OR 95% CI p value
Gross motor 6.14 1.51, 25.00 0.011 NA NA 0.984
Fine motor 4.40 1.41,13.75 0.011 410  2.11,7.98 <0.001
Receptive language  3.31 0.82,13.30 0.092 1.56  0.58,4.18 0.380
Expressive language 7.33 2.34,22.93 0.001 0.60  0.08,4.27 0.608
Personal Social 4.83 1.20, 19.45 0.027 1.28  0.32,5.17 0.726

tmOR: multivariable Odds ratio

The five developmental domains in children of mothers with a history of amphetamine use, and
children whose mothers had no amphetamine-related history was analyzed in Table 3.

A significant association was found between negative urine amphetamine and gross motor skills
delays (mOR 6.14, 95% CI 1.51-25.00, p value 0.011), while no significant association was observed with
positive urine amphetamine results (mOR NA, p value 0.984).

Both negative (mOR 4.40, 95% CI 1.41-13.75, p value 0.011) and positive urine amphetamine
results (mOR 4.10, 95% CI 2.11-7.98, p value <0.001) were significantly associated with fine motor skills
delays.

There was no significant association for either negative (mOR 3.31, 95% CI 0.82—13.30, p value
0.092) or positive urine amphetamine (mOR 1.56, 95% CI 0.58-4.18, p value 0.380) with the receptive
language delay.

A significant association was found in negative urine amphetamine with expressive language
delay (mOR 7.33, 95% CI 2.34-22.93, p value 0.001), but not in positive results (mOR 0.60, 95% CI
0.08-4.27, p value 0.608).

Significant personal social skills delays were observed in children of mothers with negative urine
amphetamine (mOR 4.83, 95% CI 1.20-19.45, p value 0.027), while no association was observed with

positive results (mOR 1.28, 95% CI 0.32-5.17, p value 0.726).
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Discussion

This study found that children born to mothers with a history of amphetamine use were more
frequently delayed than children born to mothers without such a history. These results are consistent with
previous research'® that suggests that prenatal amphetamine exposure may have transient effects on gross
motor development but have little effect on early life behavior and executive function. Our results indicate
that infants are delayed in gross motor development at 9 months of age, but not significantly delayed after
18 months of age. However, further studies are needed.

Studies have reported structural brain abnormalities in children exposed to amphetamines in
utero, including reductions in cortical gray matter volume, which may indicate characteristics associated
with substance dependence.17 There have also been reports of congenital malformations, such as
gastroschisis,3 as well as behavioral and cognitive impairments in animal models, potentially linked to
dysfunction in hippocampal synaptic function."

One notable case in this study involved a preterm infant, born at 24 weeks of gestation (Ballard
score) with a birth weight of 730 grams, who was diagnosed with schizencephaly. However, since
structural brain anomalies were not systematically examined across all cases, the significance of this
finding remains uncertain.

Animal studies have provided additional insights into the impact of amphetamine exposure on
offspring. Research suggests that both maternal and paternal amphetamine use can negatively affect
neurological and reproductive functions. Paternal amphetamine use’ before conception has been linked
to impaired intelligence in offspring, while maternal amphetamine use” is associated with disrupted
ovarian function, oocyte maturation, and fetal development. Furthermore, studies in pregnant sheep22 have
demonstrated significant cardiovascular effects in both mothers and fetuses, highlighting the rapid
placental transfer of amphetamines and their prolonged clearance from the amniotic fluid.

In this study, many mothers also reported a history of drug use by the fathers, which may have
affected sperm quality and contributed to developmental abnormalities in their children. Additionally, case
reports23 suggest that children prenatally exposed to amphetamines require significantly higher public
healthcare expenditures. However, due to ethical constraints, direct research on the effects of
amphetamines during pregnancy remains limited. Moreover, self-reported data from substance users are
often unreliable due to legal and social stigmatization.

The existing literature indicates that women who use amphetamines frequently experience

multiple unplanned pregnancies with different partners and often lack adequate prenatal care.’ Notably,
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these characteristics overlap with those of women with undiagnosed ADHD, a population at increased risk
for early sexual activity, teenage pregnancies, and sexually transmitted diseases. Early diagnosis and
appropriate treatment of ADHD could potentially reduce amphetamine misuse and improve both maternal
and fetal health outcomes.

Importantly, therapeutic doses of ADHD medications, including amphetamines,24'25 have not been
associated with adverse fetal effects. Some evidence™ also suggests that medications such as
methylphenidate may help reduce amphetamine use disorder. Further research is necessary to explore the
potential benefits of ADHD treatment in this population as a strategy to mitigate amphetamine abuse and
improve child developmental outcomes.

One notable finding was that children whose mothers had a history of amphetamine use but
whose newborns tested negative for amphetamines in their urine exhibited the most developmental delays.
This might be due to less rigorous follow-up in the negative urine group compared to the positive urine
group. Additionally, there was qualitative evidence suggesting that some caregivers might have concealed
information by not submitting urine samples during the newborn period, which could have affected
follow-up data. If such information was concealed early on, other developmental concerns might also be
underreported.

In terms of child development, children whose mothers had a clear history of amphetamine use
showed delays at 9 months, but some showed improvements with age. However, the cause remained
unknown. These children allowed ongoing follow-up to fully understand long-term outcomes.

This study had some limitations. Being a retrospective study, some information was incomplete
or missing. Data was collected by various personnel, including doctors, nurses, psychologists, and public
health officers, using the same manual. However, there were variations in evaluations. In the earlier years,
such as 2017, some personnel misunderstood or incompletely recorded information, resulting in
inaccuracies, such as misclassification of developmental delays or missing details. Children of mothers
who used amphetamines are often difficult to track due to neglect, family resistance, or safety concerns for
medical personnel, making comprehensive follow-up challenging. The developmental surveillance over
the 5 fiscal years included children of different ages, leading to inconsistencies in the number of DSPM
(Developmental Surveillance and Promotion Manual) assessments. Very few children of maternal
amphetamine use had assessments at 60 months of age. The exact dosage, duration, and timing of
amphetamine use were difficult to determine due to reliance on potentially inaccurate self-reported data,

complicating clear correlations with developmental outcomes.
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The strength of this research lied in its large dataset of child development surveillance across
Uttaradit Province, facilitated by medical personnel. This allowed for fast and broad data processing,
saving time compared to individual case tracking from birth to five years. Nevertheless, a prospective

cohort study is recommended to obtain more comprehensive data.

Implications for Practice

The findings should inform the development of guidelines in Thailand aimed at preventing
maternal amphetamine use during pregnancy. These guidelines should emphasize the potential harm to
child development, even if amphetamines were not detected in the newborn’s urine. Both groups, positive

and negative urine amphetamines, required close and long-term developmental monitoring.

Conclusion

Children born to mothers with a history of amphetamine use were at an elevated risk of
developmental delays, particularly in gross motor, fine motor, and expressive language skills during the
early years of life (9 and 18 months). These differences were no longer significant by 30 months.

The findings emphasize that maternal amphetamine use, regardless of whether the child tests
positive at birth, could have detrimental effects on early development. Raising awareness and providing
education on the harmful impact of amphetamines could reduce long-term societal and healthcare costs
while protecting future outcomes for children and society. Further research was needed to explore the

specific effects of varying levels of amphetamine exposure on different developmental domains.
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