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Background: Methamphetamine use is a rapidly increasing cause of morbidity and
mortality. Pregnant women and new parents who consume methamphetamine are at
high risk since they seldom seek health services despite having multiple needs. We
addressed this care gap by implementing an easily accessible program that pools
resources from psychiatric, obstetric, and pediatric departments as well as community
and government agencies.

Method: This real-life observational study evaluated an integrated care program
in 27 expecting parents and 57 parents of minors. The outcome criteria were
treatment retention, psychosocial functioning, and abstinence. We compared participant
demographics according to outcome and applied ordinal logistic regression to predict
treatment success.

Results: Patients received integrated care for almost 7 months on average. Nearly
half achieved stable abstinence and functional recovery. Only one pregnant woman
dropped out before a care plan could be implemented, and all women who gave birth
during treatment completed it successfully. Three-fourths of patients had psychiatric
comorbidities. Patients with depressive disorders were almost 5 times less likely to
succeed with treatment. Attention-deficit hyperactivity disorder (ADHD) was diagnosed
in nearly 30% of patients who dropped out of a care plan, which was about 4 times more
often than in the successful outcome group.

Conclusion: Our program engaged pregnant women and parents in treatment and
helped them recover from methamphetamine-related mental disorders. Management of
comorbid ADHD and depression should be an integral part of care initiatives to counter
the methamphetamine crisis that affects parents and children across the globe.

Keywords: methamphetamine use disorder, drug dependence, addiction, ADHD, depression, pregnancy,
multimodal therapy, outcome prediction
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INTRODUCTION

Methamphetamine use continues to rise on a global scale
(1), and methamphetamine-involved overdoses claim lives
in staggering numbers (2). This humanitarian crisis is
further fueled by maternal, fetal, and child deaths related
to methamphetamine exposure (3-6). Moreover, ample evidence
implicates methamphetamine in lasting health and psychosocial
problems that severely affect parents and their children (3-5).
Women who use methamphetamine are burdened by mental
disorders in the perinatal period (5), and parents who use
methamphetamine are overstrained by their caregiving roles
in often adverse living conditions (7). Infants can experience
serious damage, such as microcephaly, due to intrauterine
methamphetamine exposure (5, 8). Child development is
compromised as a result of these factors, as evidenced by
lower IQ scores as well as internalizing (e.g., depression) and
externalizing symptoms (e.g., aggression) (5, 7, 8). Despite the
urgency for prevention and intervention, the uptake of antenatal,
pediatric, and mental health services is low and too late in
this population (5, 9, 10). Moreover, pregnant women who
use methamphetamine leave substance use treatment against
professional advice even more often than pregnant women who
use other illicit drugs or alcohol (11).

The stark contrast between care needs and utilization
highlights the importance of developing programs that
are easily accessible and appealing to those impacted by
methamphetamine. Pregnancy and parenthood can create a
strong motivation for abstinence (7), but treatment may not be
accessed due to fear of stigma and punitive measures (5, 12, 13).
Thus, transparency and the commitment to keeping families
together are paramount. To reach women of childbearing age,
expecting parents, and parents of minors, different avenues
within the healthcare system, social services, and the community
should be used. Linking these avenues also promises to help
families achieve lasting health benefits as continuity of care is
instrumental in sustaining abstinence (14, 15).

We are aware of only one study that at least partly addressed
this care gap. This study compared methamphetamine-specific
psychoeducation with a program also covering relationship and
parenting skills tailored to South-African pregnant women (12).
Both group interventions reduced methamphetamine use and
risky sexual behavior, and 92% of participants completed the 4-
session comprising interventions (12). Only 14% had been in
substance use treatment before, indicating that access to care can
be improved substantially (12).

Acknowledging the unmet needs of families affected by
substance use disorders, the concept “Mama denk an mich”
(MAMADAM, “Mommy think of me”) was developed to deliver
coordinated care across disciplines and settings. After having
demonstrated the feasibility of MAMADAM (9, 16), we here
present its potential to improve the mental health of pregnant
women and parents who use methamphetamine. The findings
on outcome prediction provide critical information for patient

Abbreviations: ADHD, attention-deficit hyperactivity disorder; MAMADAM,
“Mama denk an mich,” “Mommy think of me”.

assessment and program optimization. With this report, we hope
to encourage the implementation and study of similar initiatives
to promote the well-being of parents and children impacted
by methamphetamine.

METHOD

This is a real-life observational study of integrated care for
expecting and new parents with methamphetamine-related
psychiatric disorders, which was approved by the ethics
committee at the Carl Gustav Carus Faculty of Medicine at the
Technische Universitit Dresden, Germany.

Care Model

MAMADAM is a family-centered concept that pools resources
from psychiatric, obstetric, and pediatric departments as well as
local drug counseling and child welfare services. The concept
and its elements draw on the available evidence and best practice
for the management of methamphetamine-related disorders (8).
Services provided through MAMADAM are easily accessible
and flexible, ranging from health information for women of
childbearing age to comprehensive support for families across
care sectors. Shared decision-making and the participation of
patients in multidisciplinary meetings ensure that treatment
is matched to their preferences and needs. Other engagement
strategies are calling patients who missed appointments and
offering provider continuity whenever feasible. The following
outlines the parts that are directed to the mental health of
expecting and new parents. The coordination and specifics of
MAMADAM, including information on obstetric and pediatric
services, are described elsewhere (9, 16).

All expecting and new parents who use methamphetamine
and present to our psychiatric department are considered for
enrollment in MAMADAM. Access is facilitated by referrals
from healthcare providers and by psychiatric consultations at the
obstetric and pediatric departments. Motivational interviewing
is used to develop personalized care plans after assessing mental
illness and methamphetamine-related medical sequelae. Patients
are seen by psychiatrists and psychotherapists on an outpatient
basis from several times a week to once a month as needed.
Inpatient and day treatments are provided whenever necessary.

An individual session introduces a methamphetamine-
specific relapse prevention program that combines aspects
of psychoeducation, motivational interviewing, and cognitive
behavior therapy (17, 18). Psychotherapists deliver this program
in 15 sessions of 50 min to a maximum of 5 patients. Individual
psychotherapy and other group therapies are also available
(e.g., exercise classes, social skills training, psychoeducation for
major depression).

Social workers and occupational therapists help patients
enhance their functioning and well-being in areas such
as work, housing, and childcare. They partner with local
and government agencies to furnish services ranging from
community connections to intensive home support. Home care
includes random drug screening, but most patients are called
into the clinic once in 6 days on average. Urine is collected
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under direct observation followed by temperature measurement
to minimize manipulation.

Analytic Strategy

We studied a naturalistic sample of patients with
methamphetamine-related disorders who received psychiatric
care within MAMADAM since its start in 2016 and left or
completed treatment before September 13, 2019. Outcome was
classified as early dropout (before implementation of a care
plan), partial completion of the program (late dropout), and
successful completion. Successful completion was defined as a
mutually agreed program discharge, which required continuous
abstinence, stable housing, financial security, psychosocial
functioning, and a support system. Psychosocial functioning
required patients to perform daily activities in ways that
were gratifying to them while meeting the demands of their
dependents (e.g., safe environment, loving relationship) and the
community (e.g., engagement in employment). Support usually
involved primary care physicians, private psychiatrists, drug
counseling centers, and child welfare services.

We used SPSS 27 (IBM, Armonk, NY, USA) and a
significance level of 0.05 (two-tailed) for all analyses. Statistics
were performed on complete data from all patients unless
stated otherwise. We compared participant demographics
and the duration of psychiatric care within MAMADAM
according to outcome, using Pearson’s chi-square-test, Fisher’s
exact-test, and Bonferroni-adjusted pairwise comparisons for
categorical variables. Histograms, normal quantile-quantile
plots, and normality tests (Kolmogorov-Smirnov, Shapiro-
Wilk) determined the tests for continuous variables (one-
way independent ANOVA, Kruskal-Wallis, Mann-Whitney). To
identify predictors of outcome, we built a base model with all
participant demographics that had complete data and met the
assumptions of ordinal logistic regression. We then progressively
removed non-significant variables to produce a parsimonious
model. Variables that differed considerably between outcome
groups and significant predictors were tested for associations,
reporting the phi or Spearman’s coefficient. These associations
were not corrected for multiple comparisons.

RESULTS

We studied 84 patients with methamphetamine-related mental
disorders (1 x F15.0,8 x F15.1,74 x F15.2,1 x F19.2; diagnosed
according to the International Classification of Diseases, 10th
revision). This sample comprised 27 expecting parents and 57
parents of minors (mean age of child &+ SD, min-max: 19.02 &+
30.59, 1-144 months; newborns counted as 1 month). Sixteen
patients (19.0%) dropped out before receiving a care plan,
27 (32.1%) completed part of the program, and 41 (48.8%)
transitioned successfully to community care. Average program
participation was over 6 months (mean £ SD, min-max: 202.49
£ 167.42, 0-793 days) and not statistically different between
patients who partially and those who successfully completed
treatment (n = 68, U = 655.00, z = 1.27, p = 0.203).

Table 1 displays demographics according to outcome,
showing no statistical differences in sex, age, years of

methamphetamine wuse, and prior addiction rehab. The
proportion of pregnant women was significantly lower in the
early than in the late dropout group, and all women who
gave birth during treatment completed it successfully. Three-
fourths of patients had psychiatric comorbidities. Groups were
comparably affected except for attention-deficit hyperactivity
disorder (ADHD). Although there was only a trend to an overall
significant difference between groups, ADHD was significantly
less common in patients successfully than in those partially
completing the program.

When accounting for the order of outcomes (worst to
best: early dropout, partial completion, successful completion),
depression, substance use comorbidity, and prior addiction rehab
emerged as significant predictors. Patients with substance use
comorbidities were more likely to have a better outcome, whereas
the opposite applied to patients with depressive disorders and
patients with prior addiction rehab. Table 2 lists the unique
(net) contribution of each significant predictor to variations in
outcomes (controlled for the other significant predictors).

None of the outcome predictors or variables with considerable
group differences were significantly related to one another (see
Table 3). Yet, there was one trend-level significant association
with 59.3% of expecting parents compared with 36.8% of
parents having prior addiction rehab. Of note, expecting
parents, patients with prior addiction rehab, and patients with
ADHD featured a significantly longer use of methamphetamine.
Regular methamphetamine use was also numerically longer for
patients who dropped out compared with those who completed
MAMADAM successfully.

DISCUSSION

This study evaluated the real-world adherence to integrated care
by pregnant women and parents with methamphetamine-related
mental disorders. Despite being challenged by their roles and
psychiatric comorbidities, nearly half of our patients completed
treatment successfully, and only one pregnant woman dropped
out before receiving a care plan. These data support the notion
that pregnancy and parenthood can be motivators for abstinence
(7, 8, 19). We are not aware of any study that evaluated a
comparable concept for this population, but methamphetamine
use is generally associated with high dropout rates (8, 19). Less
than one-fourth of patients with methamphetamine as their
primary drug completed 180 days of outpatient drug treatment, a
duration previously identified as necessary for treatment success
(20). Moreover, pregnant women using methamphetamine left
substance use treatment against professional advice even more
often than those using other illicit drugs or alcohol (11).
Three-fourths of our patients had at least one other mental
disorder, which reflects the high psychiatric morbidity reported
in association with methamphetamine use (8, 19). Patients
with depressive disorders were almost 5 times more likely
to have less treatment success than patients without such
a diagnosis. This aligns with an outpatient treatment study
for methamphetamine dependence in which higher baseline
depression predicted methamphetamine use before discharge
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TABLE 1 | Participant demographics.

Early dropout Partial completion Successful Group differences
(n=16) (n=27) completion (n = 41)
Sex X(ZZ) =0.921, p = 0.696"
Women 13 (81.3) 23(85.2) 37 (90.2)
Men 3(18.8) 4(14.8) 4(9.8)
Age 31.63 + 5.25 (21-38) 28.89 £ 5.02 (18-38) 28.51 £ 6.19 (18-41) Fiost) = 1.809, p = 0.1704
Expecting parents* 1(6.3)a 12 (44.4), 14 (34.1)ap X(ZZ) =6.867, p = 0.032%
Pregnant women 1(7.7)a 11 (47.8)p 14 (37.8)ap n = 73 women, Xf%: 5.995, p
= 0.048
Becoming a parent during treatment 0(0.0)ap 0 (0.0) 6 (42.9), n = 27 expecting parents”, x(22)
=7.163, p = 0.023"
0(0.0)ap 0 (0.0 6 (42.9)4 n = 26 pregnant women, ><(22) =

Years of regular methamphetamine
use

6.43 + 6.27 (0-293)

Prior addiction rehab 9 (56.3)

Current psychiatric comorbidity

Due to substance use

(2 x F10.1,8 x F10.2,1 x F11.2, 3 x
F12.1, 35 x F12.2, 4 x F19.2)
Depressive disorder

(1 x F32.0,3 x F32.1,1 x F33, 1 x
F33.4, 1 x F33.8)

Personality disorder

(2 x F60.30, 7 x F60.31, 3 x F60.8)
Attention-deficit hyperactivity disorder
(F90.0)

Any

(the above plus 1 x F40.1, 2 x F43.2, 1 x
F55.2,1 x F63, 1 x F63.0, 2 x F63.8, 3
x F70.0, 1 x F70.8,1 x F91.1, 1 x
F91.3, 1 x Q86.0)

Any except due to substance use

6 (37.5)

2(12.5)

4(25.0)

3 (18.8)ap

11 (68.8)

6 (37.5)

7.62 + 6.34 (0-24)

6.686, p = 0.026™

6.11 £+ 5.92 (0-25) n=76,Hg=1122,p = 0.571K

13 (48.1) 15 (36.6) X2, =2.077, p = 0.354°
14 (51.9) 26 (63.4) X2, =8.256, p = 0.196°
4(14.8) 1(2.4) X2, =8.713,p =0.151"
3(11.1) 5(12.2) X5, = 1.869, p = 0.465
8 (29.6)p 3(7.3)a X2, =5.897, p = 0.059"
20 (74.1) 32 (78.0) ><(22) =0.549, p = 0.757F
14 (51.9) 14 (34.1) X2, =2.191, p = 0.334°

Mental iliness was diagnosed according to the International Classification of Diseases, 10th revision. Any psychiatric comorbidity comprised social phobias, adjustment disorders, abuse
of laxatives, habit and impulse disorders, mild intellectual disability, conduct disorders, and fetal alcohol syndrome. Statistics are based on complete data from the entire sample (N = 84)
unless stated otherwise. Data are number of patients (percentage within outcome category) or group mean + SD (min-max). Percentages with the same subscript do not significantly

differ from each other (Bonferroni adjusted).

A, one-way independent ANOVA; C, Pearson’s chi-square test; F, Fisher’s exact-test; K, Kruskal-Wallis test.

#Twenty-six pregnant women + one expecting father.
*Statistically significant.

and poorer treatment attendance (21). Although not predicted
by baseline depression scores, methamphetamine use 3 years
post-treatment was associated with major depression at follow-
up (21). Together, these findings emphasize the need for
routine assessment and treatment of depression. Exercise and
psychological interventions can reduce depressive symptoms,
but methamphetamine-induced cognitive deficits complicate
the latter (8, 19). Medications including antidepressants have
largely failed and their potential for drug interaction effects
has been highlighted (8, 19). Yet, recent research suggests that
glutamatergic modulators with antidepressant and pro-cognitive
properties may prove effective in treating methamphetamine use
disorder and comorbid depression (22).

ADHD was diagnosed in almost one-third of patients who
dropped out of an established care plan. This proportion was

about 4 times as high as in the successful outcome group.
Moreover, ADHD was associated with more years of regular
methamphetamine use, which was also numerically longer for
patients who dropped out. Routine assessment for ADHD seems
therefore imperative, not least because some patients report
using methamphetamine to treat ADHD symptoms (8). The risk
of misuse and drug interactions warrants close monitoring of
pharmacotherapy, with long-acting formulations recommended
if stimulant medication is prescribed (19).

A diagnosis of substance use comorbidity predicted a better
outcome, which indicates that the benefits of MAMADAM
extend to other drugs. Experiencing a substance use comorbidity
might increase readiness for change and treatment. Patients
with prior addiction rehab were, in comparison, more likely
to have a worse outcome. Similarly, previous drug treatment
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TABLE 2 | Ordinal logistic regression model.

Parameter B (SE) OR P
Threshold Early dropout to partial completion —0.16 (0.77)

Partial to successful completion 1.50 (0.79)
Prior addiction rehab No (vs. yes) 0.92 (0.45) 2.52 0.039*
Current substance use comorbidity —1.14 (0.45) 0.32 0.012*
Current depressive disorder 1.58 (0.78) 4.87 0.041*

This model was built from a base model by progressively removing the non-significant variables (first to last: current personality disorder, sex, expecting parents, current attention-deficit
hyperactivity disorder, age). N = 84 with complete data on all variables. )((23) = 11.452, p = 0.010, Nagelkerke pseudo R? = 14.6%.

*Statistically significant.

TABLE 3 | Associations between correlates of outcome.

Expecting Prior Current Current Current Years of regular
parents addiction substance depressive attention-deficit methamphetamine
rehab use disorder hyperactivity use
comorbidity disorder
Expecting parents re =0.211 re =0.165 ry = —0.208 ry = 0.034 rs =0.258
p = 0.053° p=0.131¢ p =0.0917 p = 1.000" p = 0.024*
Prior addiction rehab re =0.180 ry = —0.007 ro =0.054 re = 0.372
p = 0.099° o = 1.000" p = 0.623° p =0.001*
Current substance use comorbidity re =0.101 ry = —0.043 rs =0.157
p = 0.449" p = 0.695¢ p=0.175
Current depressive disorder re = 0.096 rs = —0.066
p = 0.595" p=0.572
Current attention-deficit hyperactivity disorder rs = 0.285
p =0.013"

Categorical variables (expecting parents, prior addiction rehab, comorbidities) are coded as O = no and 1 = yes. Pearson’s chi-square (C) and Fisher’s exact-tests (F) are based on
complete data from the entire sample (N = 84). Spearman’s correlations (rs) are based on n = 76 due to missing data on years of methamphetamine use.

*Statistically significant.

predicted treatment attrition in pregnant women using
methamphetamine weekly or more (11). Prior treatment could
indicate greater disease severity or longer disease duration,
as patients with prior addiction rehab featured more years of
regular methamphetamine use. Of note, more years of regular
methamphetamine use predicted poor outcome in a study of
the methamphetamine-specific group psychotherapy that we
provide in MAMADAM (18). The data collectively highlight that
patients with previous drug treatment require close monitoring
and greater support. Recognizing the value of their treatment
experiences may be a way to better meet their needs and
expectations, which should improve retention in care and
health outcomes.

Strengths and Limitations

To our knowledge, this is the first work evaluating the
adherence to integrated care by pregnant women and parents
with methamphetamine-related mental disorders. We did not
include a control condition but the exploratory study of a
naturalistic sample in the real world can provide outcome
predictors of direct importance for patient care. Of note, we
report significant predictors from a parsimonious regression
model that did not control for non-significant variables and
only considered variables with complete data. ADHD was not

among the significant predictors in our regression model yet
more prevalent in patients who dropped out, with the late
dropout group statistically differing from the successful outcome
group. We believe that ADHD and other comorbidities, such
as depressive and personality disorders, are underreported for
patients dropping out of MAMADAM early since these diagnoses
require thorough assessments in drug-free intervals. Lastly, we
did not collect follow-up data, but treatment success required
stable abstinence and continuing care, which are critical factors
for long-term recovery.

CONCLUSION

Integrated care is a promising strategy for pregnant women
and parents with methamphetamine-related mental disorders.
Pregnancy and parenthood provide opportunities to motivate
change and engage a population that hardly accesses treatment
despite the high psychiatric morbidity. Comorbid ADHD
and depression warrant close monitoring as they jeopardize
treatment engagement and success. Given the little information
on the management of these conditions in the context of
methamphetamine use, research is imperative to provide
evidence-based interventions. Moreover, integrated care
concepts should be disseminated to counter the increasing
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methamphetamine crisis that affects parents and children across
the globe.
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