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Abstract
Background: There is limited knowledge on the adverse 
outcomes in newborns after maternal methamphetamine 
(MA) use during pregnancy. Objectives: To compare neona-
tal outcomes in newborns exposed to MA with the newborns 
of opioid-exposed mothers and of mothers from the general 
population (GP). Method: A cohort study using nationwide 
registries in Czechia (2000–2014). Women hospitalized with 
a main diagnosis of MA use disorder during pregnancy (n = 
258) and their newborns were defined as MA-exposed. The 
comparison groups consisted of women (n = 199) diagnosed 
with opioid use disorder during pregnancy, defined as opi-
oid-exposed, and women (n = 1,511,310) with no substance 
use disorder diagnosis (GP). The neonatal outcomes studied 
were growth parameters, gestational age, preterm birth, and 
Apgar score. To explore the associations between MA expo-
sure and neonatal outcomes, regression coefficients (b) and 

odds ratios from multivariable linear and binary logistic re-
gression were estimated. Results: MA-exposed women had 
similar socio-economic characteristics to opioid-exposed, 
both of which were worse than in the GP. After adjustment, 
MA exposure was associated with a more favourable birth-
weight when compared to the opioid-exposed (adjusted 
mean differences [aMD] b = 122.3 g, 95% CI: 26.0–218.5) and 
length (aMD b = 0.6 cm, 0.0–1.1). Unadjusted results from the 
comparison with the GP showed that the MA group had 
poorer neonatal outcomes, especially in the growth param-
eters. Adjustment for background characteristics had a pro-
found effect on the comparison with the GP. After adjust-
ment, MA exposure was associated only with a slightly re-
duced birthweight (aMD b = −63.0 g, −123.0 to −3.1) and 
birth length (aMD b = −0.3 cm, −0.6 to 0.0). Conclusions: Al-
though the observed negative outcomes were large in the 
MA-exposed newborns, the adjustment had a profound ef-
fect on the comparison with the GP, indicating the large in-
fluence of lifestyle and socio-economic factors in these high-
risk pregnancies. MA-exposed newborns had better neona-
tal outcomes compared to opioids-exposed.
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Introduction

The use of methamphetamine (MA) hydrochloride is 
increasing worldwide and represents a serious problem 
with physical, psychological, and societal damage [1, 2]. 
MA has a unique position in the Czech drug scene [3], 
which is influenced by nearly 50 years’ history of use [4] 
and its high popularity compared to the use of other types 
of stimulants, such as amphetamine or cocaine, which is 
of a very low prevalence [5]. The majority of Czech MA 
users (approximately 80%) inject the drug [6].

Evidence of the prevalence of MA use during preg-
nancy is limited. The prevalence of the use may be quite 
low (0.1–0.3%) in countries or regions where MA is not 
the most preferred drug [7]. In areas where MA use is 
more widespread, for example Hawaii, MA exposure dur-
ing pregnancy may extend to 1.4% [8] but may reach up 
to 5.2% in specific populations [9]. Not all women curb 
their drug use during pregnancy. Della Grotta et al. [10] 
found that of 191 pregnant women, 55% did not signifi-
cantly change the quantity and frequency of their use of 
MA during the course of their pregnancy, in fact 10% in-
creased their use, and only one-third decreased their use.

MA-using women are more likely to experience com-
plications during pregnancy [11–14]. In a large retrospec-
tive cohort study, which included all pregnancies from 
2005 to 2008 in the state of California, Gorman et al. [15] 
linked MA use during pregnancy to increased risks of 
preterm birth and mortality compared to the general 
population (GP). Kalaitzopoulos et al. [16] conducted a 
meta-analysis of retrospective, case-control studies of 626 
women who used MA during pregnancy and 2,626 con-
trols. MA was associated with a shorter gestational age at 
birth, a lower birthweight, reduced head circumference 
and body length, and a worse Apgar score when com-
pared with the control pregnancies. In one of the most 
recent clinical controlled studies, controlling for the most 
observed confounders, Wright et al. [17] found that MA 
use during pregnancy (N = 144) was associated with a 
lower birthweight and shorter gestational age. In the In-
fant Development, Environment, and Lifestyle (IDEAL) 
study, which was the largest prospective cohort study to 
date on MA use (n = 204) during pregnancy, Nguyen et 
al. [18] reported an increased risk of “small for gestation-
al age” (SGA) and reduced head circumference and 
length. Studies to date have not found any neonatal absti-
nence syndrome requiring pharmacologic intervention 
in infants exposed to MA in utero [19].

Pregnant women who use drugs differ from the GP of 
pregnant women with respect to their background char-

acteristics such as socio-economic, health, and lifestyle 
factors [20–26]. Such factors can negatively affect the 
pregnancy. In this study, we included, in addition to the 
GP, a comparison group of another drug-using popula-
tion (opioid users), which we expected to have similar 
background characteristics to the MA users. Opioid use 
during pregnancy has previously been shown to be asso-
ciated with unfavourable background characteristics and 
a range of neonatal complications such as neonatal absti-
nence syndrome, spontaneous abortions, intrauterine 
growth retardation, preterm birth, and a low Apgar score 
[27–29].

In the Czech Republic, there are nationwide health 
registries which allow for the linkage of data on individ-
ual and family levels [30], and the identification of differ-
ent populations of pregnant women. We aimed to study 
the associations between MA use during pregnancy and 
adverse neonatal outcomes compared to the newborns of 
opioid-dependent women and newborns of the GP. Spe-
cifically, we wanted to investigate if MA exposure result-
ed in the same level of unfavourable outcomes as for opi-
oids. Furthermore, we wanted to explore the impact of 
maternal background characteristics on the associations 
under study.

Methods

Data Sources
The National Register of Reproduction Health (NRRH) in-

cludes all women have given birth and their children in the Czech 
Republic. Nearly all births take place in hospitals in the Czech Re-
public. The NRRH has several sub-registries, including The Moth-
ers at Childbirth Registry and The Registry of Newborns. The first 
includes information about the mothers during pregnancy and is 
based on the so-called Pregnancy Card that is compulsory for ev-
ery pregnant woman to have. The Pregnancy Card contains all 
relevant information from the pregnancy period such as the demo-
graphic and socio-economic information, and information about 
alcohol, tobacco, and illicit drug use during pregnancy. The infor-
mation is transferred from the Pregnancy Card to the NRRH at 
upon birth/stillbirth, together with the additional information col-
lected during the birth. The Registry of Newborns includes infor-
mation about the neonate, such as growth parameters, congenital 
malformations, and death.

The National Register of In-patient Treatment (NRIT) in-
cludes information about every episode of all types of hospitaliza-
tions. The information includes the dates of admission and dis-
charge from hospital as well as the diagnosis on the discharge sum-
mary, coded according to the International Statistical Classification 
of Diseases, 10th Revision (ICD-10).

Physicians are obliged by law to report data to NRRH and 
NRIT. The linkage of data between the registries is based on the 
personal identification numbers assigned to all individuals in the 
Czech Republic [30]. The linkage was performed at the Institute of 
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Health Information and Statistics of the Czech Republic, which is 
the owner of the registries. A more detailed description of the reg-
istries used is provided elsewhere [30, 31].

Study Population and Study Period
The study population consisted of pregnant women and their 

newborns born during the study period 2000–2014 in the Czech 
Republic.

Prenatal Exposure to MA
Pregnant women (registered in the NRRH) who were hospital-

ized and given a main diagnosis of mental and behavioural disor-
ders due to other stimulant use (ICD-10 code F15, all sub-codes 
registered in the NRIT) during pregnancy were defined as MA-
exposed women during pregnancy. The main diagnosis should re-
flect the main health problem of the patient for the actual hospital 
stay. Thus, to receive an F15 diagnosis during pregnancy, the 
woman should have used psychostimulants in pregnancy. Less 
than 1% (n = 2) of the women in the MA group had an acute in-
toxication diagnosis. All others had a diagnosis indicating pro-
longed or heavy use. To reduce the problem of polysubstance use, 
women hospitalized with 2 or more diagnoses related to different 
psychoactive substances (F10–F18) or women who were hospital-
ized for polydrug use (F19) during pregnancy/study period were 
excluded. In this paper, we refer to women with an ICD-10 F15 
diagnosis as “women using MA” since this diagnostic group is 
nearly exclusively represented by MA in the Czech Republic [32, 
33]. The newborns of women using MA during pregnancy are re-
ferred to as “MA-exposed.” There were no women with >1 preg-
nancy in the MA group.

Comparison Groups
We used 2 comparison groups:

1. “Opioid-exposed” are defined as women hospitalized with a 
main diagnosis of mental or behavioural disorder due to opioid 
use during pregnancy (ICD-10 code F11, all sub-codes). There 
were no women with >1 pregnancy in the opioid-exposed 
group.

2. “General population” is defined as women who were not diag-
nosed with any mental or behavioural disorders due to psycho-
active substance use (ICD-10 codes F10–F19, all sub-codes) 
prior to or during pregnancy.

Outcomes
Neonatal outcomes were identified in the NRRH and included 

gestational age (mainly based on ultrasound examination, or if 
missing the first day of the last menstrual period); preterm birth 
(<37 weeks of gestation); growth parameters (birthweight, length, 
and head circumference); SGA [34]; caesarean section; stillbirth 
(death of a foetus in gestational week 22 or later); Apgar scores <7 
at 1, 5, and 10 min; malformations; treatment in delivery theatre; 
and treatment in ward.

Other Variables
Based on what is known from the literature on possible con-

founders, we obtained available information on sociodemograph-
ic variables, illicit drug use, tobacco smoking, alcohol use, the week 
of the start of prenatal care, and the number of medical controls 
during prenatal care from the NRRH. Data on alcohol, illicit drug 
use, and smoking are self-reported, and available from the Preg-

nancy Card. The disclosure of illicit drug use should primarily in-
form the medical staff about the special conditions, and which pre-
cautionary measures to take during the birth.

Analysis Strategy and Statistics
First, we present information on the maternal sociodemo-

graphic background, previous abortions, alcohol use, tobacco 
smoking, and prenatal care during pregnancy. Confidence inter-
vals for proportions were calculated using the continuity-correct-
ed score interval method [35].

Next, we processed neonatal outcomes, restricted to singleton 
births. Growth parameters (except SGA) were restricted to term 
births (≥37 gestational weeks). Gestational age, SGA, and Apgar 
scores were restricted to live births.

We performed linear regression for continuous dependent 
variables and binary logistic regression for categorical dependent 
variables. To control for relevant background characteristics, we 
adjusted for maternal age, marital status, education, tobacco 
smoking, alcohol use during pregnancy, and the number of med-
ical controls during prenatal care, which we also used as a proxy 
for behaviour influenced by sociocultural factors, such as a drug 
use-related lifestyle, health literacy, and social support [21]. We 
compared the MA-exposed children to those from the opioid-
exposed group and from the GP. We also compared opioid-ex-
posed children to those from the GP. Standard errors were esti-
mated using the clustered sandwich estimator to process multiple 
pregnancies in the same woman. As some of the neonatal out-
comes were infrequent, we only performed a multivariate analysis 
of outcomes observed in >4 individuals. The statistical signifi-
cance level was set to 0.05.

We examined the robustness of our findings. We used propen-
sity scores to address imbalances in the baseline confounder dis-
tributions between the MA- and opioid-exposed groups, and be-
tween the MA-exposed and the GP, separately. The propensity 
score is the probability of drug use, conditional on the observed 
baseline characteristics [36, 37]. The propensity score allows one 
to analyse an observational study, so that it mimics some of the 
particular characteristics of a randomized controlled trial. We 
used the Inverse Probability of Treatment Weighting (IPTW) ap-
proaches based on the propensity score to estimate the average ef-
fect of MA and assessed the balance of the baseline characteristics 
in the weighted population using the standardized mean differ-
ence, with 0.15 as a cut-off for evidence of imbalance. This result-
ed in a balanced model when comparing the MA- with opioid-
exposed, but not when comparing the MA-exposed with the GP. 
Thus, only the comparison between MA-exposed and opioid- 
exposed was completed and presented in online suppl. Table 1 
(www.karger.com/doi/10.1159/000509048). Statistical analyses 
were conducted using SPSS for Windows, version 21, and Stata 14.

Results

Background Characteristics
Women who used MA during pregnancy were quite 

similar to women who used opioids during pregnancy 
(Table 1). Among both MA-exposed and opioid-exposed 
mothers, more than half had only a primary level of edu-
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cation (56.2 and 56.3%, respectively), and a large propor-
tion had previously induced abortions (26.0 and 23.6%). 
The smoking prevalence was high in both groups. Both 
drug-related groups of pregnant women were younger, 
and a higher proportion were not married and had lower 
education level compared to the GP of pregnant women. 
In addition to the socio-economic indicators, 26% of 
MA-using women had previously induced abortions, 
compared to 12.3% in the GP. MA-using women started 
their prenatal care 2.5 weeks later and had a substantially 
lower number (4.1 differences in mean) of medical con-
trols during pregnancy compared to the GP of pregnant 
women.

Neonatal Outcomes
In comparison to the opioid-exposed, the newborns in 

the MA-exposed group had slightly more favourable neo-
natal outcomes (Table 2). For instance, the mean birth-
weight was higher, and the proportion of preterm birth 
was lower in the MA-exposed. The proportion with low 
Apgar scores after 1, 5, and 10 min decreased more quick-
ly in the MA-exposed newborns compared to the opioid-
exposed. In both the MA- and opioid-exposed groups, all 
neonatal outcomes were generally worse than in the GP.

Table 3 first shows the unadjusted and adjusted results 
of the linear and logistic regression analysis of neonatal 
outcomes comparing MA-exposed and opioid-exposed 
newborns with each other and with the GP. The compar-
ison of neonatal outcomes between MA-exposed new-

Table 2. Neonatal outcomes in newborns of women using MA or illicit opioids during pregnancy and in the GP in the Czech Republic. 
Singleton pregnancies

Methamphetamine 
(n = 255)

Opioids 
(n = 195)

General population 
(n = 1,483,626)

mean SD mean SD mean SD

Gestational agea, weeks 38.3 9.8 37.9 3.0 39.2 1.8
Birth weightb, g 3,106 451 2,995 439 3,394 452
Birth lengthb, cm 48.7 2.2 48.2 2.7 50.0 2.1
Head circumferenceb, cm 33.7 1.3 33.5 1.6 34.4 1.5

n % 95% CI n % 95% CI n % 95% CI

Caesarean sectiona

Elective 14 5.5 3.2 to 9.2 11 5.8 3.1 to 10.4 103,435 7.0 6.9 to 7.0
Acute 30 11.8 8.2 to 16.5 21 11.1 7.2 to 16.7 176,520 11.9 11.9 to 12.0

Stillbirthc 0 0.0 0.0 to 1.4 5 2.6 1.0 to 6.4 3,385 0.2 0.2 to 0.2
Preterm birtha 42 16.5 12.3 to 21.7 38 20.1 14.8 to 26.7 86,356 5.8 5.8 to 5.9
SGAa 31 12.2 8.5 to 17.0 24 12.6 8.4 to 18.4 58,253 3.9 3.9 to 4.0
Apgar scorea <7 at 1 min

Yes 18 7.1 4.4 to 11.1 14 7.4 4.3 to 12.4 63,326 4.3 4.2 to 4.3
Apgar scorea <7 at 5 min

Yes 5 2.0 0.7 to 4.8 7 3.7 1.6 to 7.8 14,450 1.0 1.0 to 1.0
Apgar scorea <7 at 10 min

Yes 1 0.4 0.0 to 2.5 4 2.1 0.7 to 5.7 6,291 0.4 0.4 to 0.4
Malformationa

Yes 13 5.0 2.8 to 8.6 9 4.8 2.3 to 9.1 49,297 3.3 3.3 to 3.4
Treatment in delivery theatrea 30 11.8 8.2 to 16.5 21 11.1 7.2 to 16.7 141,000 9.5 9.5 to 9.6
Treatment in warda 13 5.1 2.9 to 8.8 18 9.5 5.9 to 14.9 42,499 2.9 2.8 to 2.9

Methamphetamine (MA) – children of women hospitalized with a diagnosis of mental or behavioural disorder due to the use of am-
phetamines (ICD-10 code F15, all sub-codes) during pregnancy. Opioids – children of women hospitalized with a diagnosis of mental 
or behavioural disorder due to opioid use (ICD-10 code F11, all sub-codes) during pregnancy. General population (GP) – children of 
women who had no history of drug use defined as women who were not diagnosed with any of mental and behavioural disorders due 
to psychoactive substance use (ICD-10 codes F10–F19, all sub-codes) prior or during pregnancy. CI, 95% confidence interval; SGA, 
small for gestational age. a Live births. b Births with gestational age ≥37 weeks. c Death of a foetus at gestational week 22 or later.
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borns and opioid-exposed newborns favoured the MA-
exposed group in nearly all outcomes, but only birth-
weight and birth length were statistically significant. 
Adjustment had nearly no impact on the effect estimates 

for the neonatal outcomes when comparing the MA-ex-
posed and opioid-exposed groups. For instance, the 
birthweight was around 120 g higher and birth length 0.6 
cm longer in the MA-exposed group both in the unad-

Table 3. Lineara and binary logisticb regression comparing neonatal outcomes in prenatal MA exposure and illicit opioid exposure and 
with the general population in the Czech Republic. Singleton pregnancies

Methamphetamine exposed versus 
Opioid exposed (ref.)

Methamphetamine exposed versus 
General population (ref.)

Opioids exposed versus General 
population (ref.)

b 95% CI p value b 95% CI p value b 95% CI p value

Gestational agec, weeks
Unadjusted 0.4 –0.1 to 0.9 0.111 –0.9 –1.2 to –0.6 <0.001 –1.2 –1.5 to –1.0 <0.001
Adjustedd 0.3 –0.2 to 0.8 0.274 –0.2 –0.5 to 0.1 0.253 –0.4 –0.7 to –0.2 0.001

Birth weighte, g
Unadjusted 119.0 21.9 to 216.1 0.017 –285.5 –345.9 to –225.1 <0.001 –406.4 –480.5 to –332.2 <0.001
Adjustedd 122.3 26.0 to 218.5 0.013 –63.0 –123.0 to –3.1 0.039 –204.4 –276.9 to –132.0 <0.001

Birht lengthe, cm
Unadjusted 0.6 0.1 to 1.1 0.029 –1.3 –1.6 to –1.0 <0.001 –1.9 –2.2 to –1.5 <0.001
Adjustedd 0.6 0.0 to 1.1 0.036 –0.3 –0.6 to 0.0 0.032 –1.0 –1.3 to –0.6 <0.001

Head circumferencee, cm
Unadjusted 0.2 –0.2 to 0.5 0.281 –0.7 –0.9 to –0.5 <0.001 –0.9 –1.2 to –0.6 <0.001
Adjustedd 0.2 –0.1 to 5.4 0.229 –0.2 –0.4 to 0.0 0.116 –0.4 –0.6 TO –0.1 0.003

OR 95% CI p value OR 95% CI p value OR 95% CI p value

Caesarean sectionc acute
Unadjusted 1.1 0.6 to 1.9 0.824 1.0 0.7 to 1.4 0.966 4.0 2.8 to 5.8 <0.001
Adjustedd 0.9 0.5 to 1.8 0.836 1.0 0.6 to 1.3 0.578 1.5 1.0 to 2.2 0.048

Preterm birthc

Unadjusted 0.8 0.5 to 1.3 0.338 3.1 2.2 to 4.3 <0.001 3.5 2.3 to 5.4 <0.001
Adjustedd 0.8 0.4 to 1.3 0.304 1.1 0.7 to 1.5 0.798 1.4 0.9 to 2.1 0.175

SGAc

Unadjusted 1.0 0.5 to 1.7 0.880 3.3 2.3 to 4.8 <0.001 1.8 1.0 to 3.1 0.036
Adjustedd 0.9 0.5 to 1.7 0.837 1.2 0.8 to 1.8 0.275 1.1 0.6 to 1.9 0.689

Apgar score <7 at 1 minc

Unadjusted 0.9 0.5 to 2.0 0.888 1.7 1.0 to 2.7 0.031 3.9 1.8 to 8.3 <0.001
Adjustedd 1.0 0.5 to 2.2 0.971 1.2 0.7 to 1.9 0.523 1.8 0.8 to 3.8 0.150

Apgar score <7 at 5 minc

Unadjusted 0.5 0.2 to 1.7 0.271 2.0 0.8 to 4.9 0.122 5.1 1.9 to 13.6 0.001
Adjustedd 0.6 0.2 to 2.0 0.374 1.1 0.4 to 2.5 0.981 1.8 0.7 to 5.0 0.232

Malformationc

Unadjusted 1.1 0.5 to 2.6 0.862 1.5 0.9 to 2.7 0.131 1.4 0.7 to 9.8 0.283
Adjustedd 1.1 0.4 to 2.7 0.918 1.4 0.8 to 2.4 0.288 1.2 0.6 to 2.4 0.533

Treatment in delivery theatre
Unadjusted 1.1 0.6 to 1.9 0.816 1.3 0.9 to 1.8 0.249 1.2 0.8 to 1.9 0.474
Adjustedd 0.9 0.5 to 1.8 0.85 1.0 0.7 to 1.5 0.977 0.9 0.6 to 1.4 0.607

Treatment in ward
Unadjusted 0.5 0.2 to 1.1 0.077 1.8 1.0 to 3.1 0.041 3.5 2.2 to 5.8 <0.001
Adjustedd 0.6 0.3 to 1.2 0.154 0.9 0.5 to 1.6 0.670 1.8 1.1 to 2.9 0.027

CI, confidence interval; SGA, small for gestational age; OR, odds ratio. Methamphetamine (MA) – children of women hospitalized with a diagnosis of 
mental or behavioural disorder due to the use of amphetamines (ICD-10 code F15, all sub-codes) during pregnancy. Opioids – children of women hospital-
ized with a diagnosis of mental or behavioural disorder due to opioid use (ICD-10 code F11, all sub-codes) during pregnancy. General population (GP) – 
children of women who had no history of drug use defined as women who were not diagnosed with any of mental and behavioural disorders due to psycho-
active substance use (ICD-10 codes F10–F19, all sub-codes) prior or during pregnancy. a b (regression coefficients adjusted mean differences) from linear 
regression for gestational age, birthweight, length, and head circumference. b ORs from binary logistic regression of having childbirth SGA, premature birth, 
and Apgar score <7. c Live births. d Adjusted for age, marital status, education, smoking, alcohol, and number of medical controls in pregnancy. e Births with 
gestational age ≥37 weeks.
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justed and adjusted analyses. The favourable results of 
MA exposure compared to opioid exposure on growth 
parameters stayed consistent in the additional analyses 
using the IPTW method (online suppl. Table 1).

When the MA-exposed were compared to the GP, the 
unadjusted results showed profound negative outcomes, 
for instance, shorter gestational age (−0.9 week), lower 
birthweight (−285 g), and increased risk of SGA (odds 
ratio [OR] = 3.3) and preterm birth (OR = 3.1) (Table 3). 
The differences were even worse for the opioid-exposed 
newborns. The adjustment had a profound impact on the 
risk estimates of adverse neonatal outcomes in MA-ex-
posed newborns when compared to the GP (Table 3). Af-
ter adjustment, only birthweight and birth length re-
mained statistically significantly smaller. The adjusted 
mean difference in birthweight was −63.0 g (95% CI: 
−123.0 to −3.1) and in birth length was −0.3 cm (−0.6 to 
0.0). A reduction in all estimates was observed between 
the opioid-exposed group and the GP after adjustment, 
while gestational age, birthweight and birth length, head 
circumference, and delivery via caesarean section re-
mained statistically significantly worse in newborns ex-
posed to opioids during pregnancy (Table 3).

Discussion

In this observational cohort study using nationwide 
register data, we investigated the neonatal outcomes of 
children prenatally exposed to MA and opioids and chil-
dren from the GP. When the MA- and opioid-exposed 
newborns were compared, birthweight and birth length 
were higher in the MA-exposed. We found profound 
differences in the neonatal outcomes when the MA-ex-
posed were compared to the GP, but after adjustment for 
socio-economic and lifestyle parameters, the differences 
remained statistically significant only for birthweight 
(−63 g) and birth length (−0.3 cm). The adjustment had 
nearly no effect when we compared the 2 drug-using 
populations, which had similar background characteris-
tics, whereas it had a profound effect when comparing 
the MA-exposed and opioid-exposed to the GP, which 
had very different background characteristic distribu-
tions.

Previous research has observed a lower birthweight in 
children exposed to MA during their foetal life when 
compared to the non-exposed [17–19]. In some of the 
studies, the difference disappeared after adjustment [18], 
while in others, there was still a difference in birthweight 
[17, 19]. In our study, the adjustment profoundly reduced 

the clinical relevance of the difference in birthweight 
when compared to GP to a questionable level.

Other studies have also reported an increased risk of 
SGA, decreased head circumference, and lower Apgar 
score in the MA-exposed newborns, compared to the GP 
[16]. Our results did not support such findings. Further-
more, no stillbirths were reported among the MA-exposed 
women in our study, which is in contrast to Gorman et al. 
[15] who found a high risk of intrauterine death (adjusted 
OR = 5.1, 95% CI: 3.7–7.2). However, despite the fact that 
our study population of the MA-exposed was smaller, all 
together the prevalence of stillbirth was very low in the 
GP. This might indicate that a nationwide lower preva-
lence of stillbirths also affects the prevalence in the sub-
populations under study. Furthermore, in line with Gor-
man et al. [15], we found an increased risk of preterm birth 
in the MA group in the unadjusted analysis, but this as-
sociation diminished in the adjusted model. It is obvious 
that comparisons with other studies may be affected by 
differences in both the MA dose and the route of admin-
istration in the populations studied. No such information 
was available in the registries. Perhaps, our population of 
MA-exposed women used lower doses, had shorter dura-
tion of use, or were not exposed to MA in the most sensi-
tive periods of pregnancy. Regarding the route of admin-
istration, the majority of Czech users use MA intrave-
nously, and so could women in our MA group. Not only 
is intravenous use considered the riskiest route of admin-
istration [38, 39], more severe MA dependence is associ-
ated with injecting MA rather than with ingesting [40], 
smoking, or intranasal use [40, 41]. Conceivably, the MA-
exposed women in our study may have transitioned from 
intravenous use to less harmful routes of administration.

When we compared the MA-exposed newborns to the 
opioid-exposed newborns, we observed a higher birth-
weight and birth length among the MA-exposed. Thus, 
opioid exposure seems to be associated with more harm-
ful effects on neonatal outcomes than MA exposure, and 
we can only speculate on the reasons for this. Opioids and 
MA have different mechanisms of action that might affect 
foetal development differently or the mechanism might 
be more indirect. For example, opioid use might affect 
maternal respiratory rate and blood pressure differently 
from MA, and the opioid-induced physiological changes 
might affect the foetus negatively. A third possibility 
might be that opioid drug use patterns have a greater im-
pact on the women’s lifestyle than MA use. We used the 
number of medical controls during pregnancy care as a 
measure of a chaotic lifestyle and thus as a proxy for some 
unmeasured confounders.
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The results of this study showed the importance of the 
choice of comparison group and adjustment. Adjustment 
for measured confounders seems to be crucial when study-
ing the effects of prenatal MA exposure. Several previous-
ly mentioned studies have adjusted for important con-
founding factors and still found associations with adverse 
outcomes. Most of the published studies compared MA-
exposed newborns with the GP. Only Wright et al. [17] 
compared MA exposed pregnancies with non-MA ex-
posed pregnancies, consisting of women who either had a 
history of MA use prior to pregnancy, used only tobacco, 
used drugs other than MA, or had no record of illicit drug 
use but obtained care from the treatment facility and thus 
were from the same catchment area and of similar socio-
economic status. The GP differs in terms of important 
characteristics such as lifestyle, sociodemographic charac-
teristics, access to and quality of healthcare, and drug use 
history. In the current study, when comparing the MA-
exposed to the GP, adjustment for the measured sociode-
mographic and lifestyle confounders had a strong effect 
on the estimate. A similar pattern was observed after com-
parison of opioid-exposed newborns with the GP. On the 
contrary, when we included a comparison group of opioid 
users, which was expected to have similar distributions of 
measured and unmeasured confounders to the MA-ex-
posed, we did not observe any effect of the adjustment.

Our findings, represented by the reduction in most of 
the measures after adjustment, might suggest that the un-
derlying risk for adverse neonatal outcomes may be linked 
to a complex of sociocultural factors including the life-
style associated with drug use, poorer health literacy, the 
time needed to accept one’s own pregnancy, and address-
ing other priorities in life before seeking antenatal care 
[20, 42]. In non-using populations, the evidence suggests 
that the complex background characteristics contribute 
to worsened birth outcomes. Socio-economic status was 
found to negatively affect pregnancy outcomes, namely 
higher rates of abortion, caesarean delivery, preeclamp-
sia, preterm delivery, and obstetrical haemorrhage [20]. 
Based on a large US cross-sectional study, women from 
areas with higher population well-being had a lower risk 
of preterm birth, even after accounting for individual risk 
factors [43]. Neighbourhood poverty, nutrition factors, 
and social and environmental exposures influence birth-
weight and the risk of preterm birth [44–46]. Multiple 
aspects of deprivation and poor social support are key risk 
factors that influence the timing of maternal engagement 
with antenatal care [21]. In substance using populations, 
drug use prior to or even during pregnancy further con-
tributes to a higher risk of deprivation indicators and 

poor social support [10]. Schempf and Strobino [47] at-
tributed 70% of adverse neonatal outcomes to the sur-
rounding psychosocial and behavioural factors in co-
caine-exposed women, particularly smoking and stress, 
while most of the adverse neonatal outcomes were attrib-
uted to smoking and a lack of early prenatal care in opi-
oid-exposed women. Worsened socio-economic situa-
tion, poorer pregnancy care, and a higher risk of foetal 
growth restriction (as indicated by SGA) were associated 
with substance use disorders (illicit and licit, including 
alcohol and sedatives/hypnotics) diagnosed during preg-
nancy, when compared to women without a substance 
use disorder [48]. A greater number of prenatal care visits 
were found to be linked with the decreased use of MA 
over the course of the pregnancy [10]. Therefore, the im-
portance of controlling for prenatal care [49] and other 
lifestyle-related factors should be considered when con-
ducting future risk estimates.

Methodological Considerations
The strength of the current study was the size of the 

sample of women using MA during pregnancy. In addi-
tion, the use of national health registries reduces both se-
lection bias and the risk of recall bias that is often present 
in studies using self-reported data.

One limitation is the definition of the exposure. By our 
definition, we did not identify all pregnant women using 
substances during pregnancy, only those requiring hos-
pitalization caused by such use. By defining exposure as a 
diagnosis of substance use disorder during pregnancy, we 
possibly identified the heaviest users. Even though our 
definition results in misclassification, Greenland [50] has 
pointed out that when the prevalence of exposure is low, 
specificity, rather than sensitivity, has a greater effect on 
the underestimation of risk. Therefore, it is most impor-
tant to minimize the number of truly unexposed patients 
in the exposed group, as we have intended to do by using 
our definition of MA use.

The registries include less information about potential 
confounding factors than clinical studies (e.g., informa-
tion on nutrition, infections during pregnancy, and a 
woman’s body mass index). Some important information 
may be underreported or reported in an insufficient for-
mat in the registries (e.g., use of alcohol, tobacco, and il-
licit drugs), or information may be missing. This may be 
especially true in the comparison with the GP, where the 
confounder distributions between the compared groups 
were different, residual confounding might still exist, and 
the already small difference in growth parameters could 
in fact be even smaller.
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We used 2 different methods for the adjustment for 
confounders in this study: traditional adjustment by mul-
tivariable regression and the IPTW method. When com-
paring the MA-exposed to the GP, we did not achieve a 
balanced model, and therefore, causal inference is not 
possible to accomplish with regard to the effects of MA 
exposure.

Furthermore, despite MA being reported in the regis-
tries as the primary problematic drug, users may have 
combined MA with the unregistered use of other drugs. 
Additionally, we had no information about the dose, tim-
ing, and duration of use, nor of any discontinuation of use 
during pregnancy. Discontinuation of the use of MA at 
any time during pregnancy may improve birth outcomes 
[17].

Finally, as there was no reference population available 
for SGA in the Czech Republic, we used the Swedish ref-
erence population in our calculations [34]. This may have 
resulted in incorrect population estimates of SGA, but the 
relative differences between the groups should not be af-
fected.

Conclusion

Newborns who were prenatally exposed to MA had 
profound negative neonatal outcomes. This study shows 
that these clinically observed adverse neonatal outcomes 

may, to a large extent, be attributed to a drug-related life-
style and socio-economic risk factors. These findings can 
inform clinicians about the importance of broadening the 
focus from MA use and to include the other factors linked 
to MA use among pregnant women.
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