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Objective: The authors sought to determine whether preg-
nancy is an intrinsic motivator for cessation of drug abuse.

Method: The authors conducted prospective cohort, co-
relative, co-spouse, and within-person analyses of regis-
tration for drug abuse during pregnancy among Swedish
women born between 1980 and 1990 who gave birth be-
tween ages 20 and 35 (N=149,512). Drug abusewas assessed
from medical, criminal, and pharmacy registries.

Results: In the population, rates of drug abuse were lower
duringpregnancy (unadjustedodds ratio=0.67, 95%CI=0.60,
0.74). Compared with population results, the negative as-
sociation between pregnancy and drug abuse was moder-
ately stronger incousins (odds ratio=0.49,95%CI=0.39,0.62)
and substantially stronger in siblings (odds ratio=0.35, 95%
CI=0.24, 0.51) discordant for pregnancy. The estimated odds
ratio for drug abuse in pregnancy-discordant monozygotic
twins was even stronger, at 0.17 (95% CI=0.10, 0.31). Within
individuals, the odds ratio for drug abuse while pregnant
compared with an equivalent prepregnancy interval was
similar to that seen in pregnancy-discordant monozygotic

twins, at 0.22 (95%CI=0.19, 0.26). Comparedwith cohabiting
fathers,mothers hadagreater reduction in risk for drugabuse
during pregnancy (odds ratio=0.40, 95% CI=0.34, 0.47).
Pregnancy was more protective in women with low parental
education and without a cohabiting, actively drug-abusing
father. Compared with prepregnancy baseline, within-
individual analyses indicate that risk for drug abuse is also
substantially reduced in the postpartum period, for example,
the odds ratio for postpartum days 0–242 was 0.13 (95%
CI=0.11, 0.16).

Conclusions: Risk for drug abuse in women is substantially
reducedduringpregnancy.Multipleanalyses suggest that this
association is largely causal, suggesting that pregnancy is
indeed a strong intrinsic motivator for drug abuse cessation.
Similar strong protective effects may be present in the im-
mediate postpartumperiod.Our results have implications for
our etiologic models of drug abuse and especially for con-
tingency management programs seeking to reduce drug
abuse risk.
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While major advances have been made in understanding the
neurobiological basis of addiction (1–3), the etiologic im-
portance of volitional and motivational components in drug
abuse has been supported by the efficacy of contingency man-
agement in drug abuse treatment (4–6). Voucher-based rewards
as an extrinsic motivator for cessation are among the most ef-
fective psychosocial treatments for drug abuse (6).

In this study, we sought to expand our understanding of
motivational factors in drug abuse by examining the unique
natural experiment of pregnancy as a potential intrinsic
motivator for reduction in drug abuse. The adverse impact of
drug abuse on the developing fetus is well known (7–11), widely
disseminated in modern Western cultures, and typically rein-
forcedwhenpregnantwomeninteractwithhealthcareproviders

(12–14). Maternal prenatal attachment has been widely studied,
and most drug-using mothers are strongly motivated to protect
the health of their fetus and therefore to reduce or cease their
drug use (15–17). This desire is often supported by their social
network (18, 19). Thus, the degree to which rates of drug abuse
decline during pregnancy can provide an estimate of the ability
of motivated women to reduce their levels of substance misuse.

The causal nature of the association between pregnancy
and drug abuse is likely complex. A positive pathway from
drug abuse to pregnancy is suggested by evidence for an
association between illicit substance use and teen pregnancy
(20). Drug abuse and/or its risk factors likely increase the
chances of unplanned and early pregnancy (21). However,
longitudinal analyseshaveshownareduction inuseof tobacco,
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alcohol, cannabis, and cocaine during pregnancy in young
adult women (22), and studies of clinical cohorts of pregnant
women document a reduction in illicit substance use (23, 24),
suggesting a negative pathway from pregnancy to drug abuse.

An optimal approach to clarifying the causal interrela-
tionships between pregnancy and drug abuse would require
a large, representative, population-based cohort that could
be studied longitudinally and in which it would be possible
to apply “natural” experimental methods to clarify causal
pathways. We report such a study here. Using population-
wide Swedish registry data, we evaluated four complemen-
tary methods to elucidate the nature of the relationship
between pregnancy and drug abuse risk:

1. Population-based analyses with covariates.
2. Co-relative designs with pairs of relatives discordant for

pregnancy.
3. Within-individual longitudinal designs comparing preg-

nancy with preceding nonpregnant periods.
4. A co-spouse design comparing changes in drug abuse risk in

pregnantwomen and in the cohabiting fathers of their child.

We also exploredwhether the impact of pregnancy on risk
fordrug abusevaries as a functionofparental education, prior
deviant behaviors, school achievement, age, marital status,
and drug abuse in the cohabiting father of the child. Finally,
using within-individual analysis only, we examined whether
the reduction in rates of drug abuse during pregnancy per-
sisted into the immediate postpartum period.

METHOD

We utilized several different Swedish population-based
registers with national coverage, linking them by each per-
son’s unique identification number. To preserve confiden-
tiality, this identification number was replaced by a serial
number. We secured ethical approval for the study from the
Regional Ethical ReviewBoard ofLundUniversity (no. 2008/
409). Drug abuse was identified in the Swedish medical
registries by ICD codes (ICD-9: drug-induced mental dis-
orders [292] and drug dependence [304], and nondependent
abuse of drugs [305, excluding 305.0]; ICD-10: mental and
behavioral disorders due to psychoactive substance use
[F10–F19], except thosedue to alcohol [F10] or tobacco [F17]).
Drug abuse was identified in the Suspicion Register by codes
3070, 5010, 5011, and 5012, which reflect crimes related to
drug abuse, and in the Crime Register by references to laws
covering narcotics (law 1968:64, paragraph 1, point 6) and
drug-related driving offenses (law 1951:649, paragraph 4,
subsection 2 and paragraph 4A, subsection 2). Each indi-
vidual could have several registrations in the criminal (Crime
and Suspicion) and medical registers. To avoid double-
counting registrations, within each type of register (criminal
and medical), we allowed for a 90-day period after each
registration in which a new registration was not counted.

To study the association between pregnancy and drug
abuse, we selected all females born in Sweden between

1980 and 1990 who had at least one child registered in the
Swedish multigenerational register where the mother was
likelyfirst awareofbeingpregnantbetweentheagesof 20and
35.Weassumedanaverageof 280days fromtheendof the last
menstrual period to birth, a 28-day menstrual cycle, and the
strong suspicion of pregnancy arising 10 days after themissed
menstrual period. Therefore, we estimated that womenwere
aware of being pregnant 242 days before birth (2802[28+10]).

We matched each mother to five nonrelated control
women with the same year and month of birth. Furthermore,
the control woman had to be alive and registered in Sweden
at the time of the case woman’s pregnancy and not herself
registered as being amother or having a child within 9months
after the date of birth of the casewoman’s child. For all control
women, we studied drug abuse during the same period as
the case woman (case women, N=149,512; control women,
N=747,560). In the next step, we replicated the matching ap-
proach, but instead of using nonrelated random individuals as
controls, we matched on female cousins and full siblings. In
order to achieve a significant number of control individuals,we
allowed for up to 3 years’ age difference between the case
woman and the relative control woman. We matched 58,640
controlcousinsto50,317casewomenand19,812controlsiblings
to 19,115 case women. Bymatching on cousins and siblings, we
account for a number of unmeasured genetic and environ-
mental factors shared among cousins and siblings. Finally, we
studied drug abuse using awithin-individualmodel comparing
a242-dayperiodbefore thepregnancy to thepregnancyperiod.

We used conditional logistic regression, with a separate
stratum for each case and her control(s), in which we
compared drug abuse in the case individual (i.e., drug abuse
during pregnancy) with drug abuse in the controls (i.e., drug
abuseduringanonpregnantperiod).Model 1wasonlyacrude
model, whereas in model 2 we adjusted for midparent edu-
cational status (#9 years, 10–11 years, $12 years) and the
individual’s school achievement (gradepoint average ingrade
9, usually at age 16; see reference 25).

We then combined the population, full sibling, and cousin
data sets and performed two co-relative analyses. The first
allowed all coefficients for each sample to be independent. In
the second, we modeled the genetic resemblance assuming
that it equaled 0 for the population, +0.125 for cousins, and +0.5
for full siblings. We compared this model with the previous
model, using the Akaike information criterion (26). If the sec-
ond model fit the data well, we obtained improved estimation
of the drug abuse–pregnancy association among all types of
relatives. In this model, we were also able to extrapolate an
odds ratio for monozygotic twins (there was only one mono-
zygotic twin registered for drug abuse while pregnant).

In additional analyses, we investigated whether the as-
sociation between pregnancy and drug abusewasmoderated
by the following variables: midparent educational status;
school achievement of the individual; lifetime registration of
drugabuse inaparent (dichotomized intoyes/no); drugabuse
registration in the individual prior to the pregnancy period;
registration for a psychiatric diagnosis in the inpatient or
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specialist registries; criminal registration in the individual
prior to the pregnancy period (for a definition of criminal
registration, see reference 27); age at pregnancy (di-
chotomized into #25 years and .25 years); marital status
(dichotomized into married/not married; in the analyses of
married people, individuals who got married during the
control or hazard period were excluded); drug abuse regis-
tration in the child’s father prior to the pregnancy period;
and drug abuse registration in the child’s father during the
pregnancy period. These moderation analyses were per-
formed only on the within-individual sample using an in-
teraction term between the covariate of interest and drug
abuse status in the mother. In the within-individual sample,
we also tested whether the decrease in drug abuse rates
between control and pregnancy periods was the same for
mothers and fathers. This was done by including an interaction
term between a dummy variable indicating mother or father,
and drug abuse status in the mother and the father.

Finally, using within-individual analyses only, we exam-
ined the rates of drug abuse in the immediate postpartum
period.Our controlwas the242-dayperiodbeforepregnancy,
and we examined three 242-day postpartum risk periods:
0–242days, 243–484days, and 485–726days after childbirth.
We eliminated from these analysesmotherswhose child died
during the risk period. We included mothers who were no
longer cohabiting with their child (N=249, N=871, and
N=1,187 for the three periods, respectively) because these
mothers had substantial elevations in drug abuse rates,
suggesting that in some cases the child had been removed
because of problematic behavior. Excluding them would bias
the postpartum drug abuse rates downward.

In all these models, the within-individual and within-
family clustering was taken into consideration. In models
that included information on fathers, the father had to co-
habit with the mother at the end of the calendar year when

the child was born. All statistical analyses were performed in
SAS, version 9.3 (28).

RESULTS

Association Between Pregnancy and Registration for
Drug Abuse
In our general population sample, when examined without
covariates, rates of drug abuse registration were moderately
lowered during pregnancy (odds ratio=0.67, 95% CI=0.60,
0.74) (Table 1). Adding parental education and subject ed-
ucational achievement to the model substantially strength-
ened the association (odds ratio=0.41, 95% CI=0.37, 0.46),
indicating that these factors acted as negative confounders
attenuating the pregnancy–drug abuse relationship.

Compared with the general population examined without
covariates, the negative association between pregnancy and
drug abuse was stronger in cousins discordant for pregnancy
(odds ratio=0.49, 95% CI=0.39, 0.62), and especially for sisters
discordant for pregnancy (odds ratio=0.35, 95% CI=0.24, 0.51).
We thenfitted our co-relativemodel to results from the general
population and discordant cousin, sibling, andmonozygotic
twin results. Our model fit better than the raw results and esti-
mated the odds ratio for drug abuse in pregnancy-discordant
monozygotic pairs at 0.17 (95% CI=0.10, 0.31) (Table 2).

Wethenexaminedourwithin-personmodel,firstcomparing
the rate of drug abuse during a first pregnancy with the rate
observed in the comparable 242-day period immediately prior
to the estimated date of impregnation. The estimated odds ratio
for drug abuse using this within-person design was 0.22 (95%
CI=0.19, 0.26) (Table 1). Since drug use might be reduced for
some women who are planning to become pregnant, we reran
theseanalyseswith theprepregnancyperiodsetat6monthsand
12 months earlier. The odds ratios did not appreciably change
(estimated at 0.25 [95% CI=0.21, 0.29] and 0.26 [95% CI=0.22,

TABLE 1. ObservedAssociationof First PregnancyWithRegistration forDrugAbuse in theGeneral Population, inCousin and SiblingPairs
Discordant for Pregnancy, and Within Individuals

Frequency of Drug
Abuse Registration (%) Model 1a Model 2b Effect Size for Model 1

Sample N Pregnancy Control Odds Ratio 95% CI Odds Ratio 95% CI Cohen’s d 95% CI

Population 149,512 0.24 0.35 0.67 0.60, 0.74 0.41 0.37, 0.46 0.22 0.17, 0.28
Cousins 50,371 0.23 0.46 0.49 0.39, 0.62 0.33 0.26, 0.42 0.39 0.26, 0.52
Siblings 19,115 0.20 0.56 0.35 0.24, 0.51 0.58 0.37, 0.79
Within individuals
First pregnancy

242-day period before
pregnancy

150,226 0.24 0.63 0.22 0.19, 0.26 0.83 0.74, 0.92

242-day period ending
6monthsbefore startof
pregnancy

150,226 0.24 0.61 0.25 0.21, 0.29 0.76 0.68, 0.86

242-day period ending
12 months before start
of pregnancy

150,226 0.24 0.61 0.26 0.22, 0.31 0.74 0.64, 0.83

Second pregnancy 75,891 0.11 0.27 0.23 0.16, 0.33 0.81 0.61, 1.01

a Unadjusted.
b Adjusted for mean parental education and school achievement.
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0.31], respectively). The negative association between preg-
nancy anddrug abuse registration for a secondpregnancy (odds
ratio=0.23, 95% CI=0.16, 0.33) did not differ significantly from
that observed during the first pregnancy (p=0.12). The results
from the population-based, co-relative, and within-individual
analyses are summarized in Figure 1.

Using within-person analyses, rates of drug abuse were
significantly lower in the second half than in the first half of
pregnancy (odds ratio=0.58, 95% CI=0.46, 0.74). To examine
whether thepregnancyeffect couldbeconfoundedbymarital
status, we reran these analy-
ses excluding case subjects
who changed marital status
between the control and
pregnancy periods. The odds
ratio was unchanged (odds
ratio=0.22, 95%CI=0.19, 0.25).

In 130,368 cases, the mother
was cohabiting with the fa-
ther of her child at the end of
the calendar year the child
was born. When examined
together, the reduction in
risk for drug abuse registra-
tion from the control to the
pregnancy period was larger
for the pregnant mother
(odds ratio=0.22, 95%CI=0.18,
0.28) than for the father (odds
ratio=0.62, 95%CI=0.56, 0.68).
In a co-spouse design, the re-
duction in risk in the control
comparedwith thepregnancy
period was much greater in
the mother than the father
(odds ratio=0.40, 95% CI=0.34,
0.47).

Finally, using within-individual analyses, we first ex-
amined, using a multiplicative model, a range of potential
moderators of the protective effect of pregnancy on drug
abuse risk (Table 3). These moderators were tested one at a
time, and their p values of the interaction increased mod-
erately if considered all together. The protective effect of
pregnancy was stronger with lower compared with higher
education for the mother’s parents but was unrelated to
drug abuse in the parents or to six other factors in the
mother’s background, including prior drug abuse registra-
tion. However, as illustrated in Figure 2, while we found
similar risk ratios for high and low risk groups, we also
saw widely varying risk differences. Pregnancy was as-
sociated with a much larger absolute reduction in drug
abuse caseness in the high- versus low-risk groups, as
reflected, for example, by a prior history of crime or
drug abuse or single marital status. We then examined
two features of drug abuse in the cohabiting spouse.
The protective effect of pregnancy on drug abuse risk was

modestly attenuated by a prior history of drug abuse in
the spouse and strongly attenuated by spousal drug abuse
during pregnancy.

Risk for Registration for Drug Abuse in the Immediate
Postpartum Period
To examine whether the protective effect of pregnancy on
drug abuse extended into the postpartum period, we con-
ducted within-individual analyses using as baseline the rates
of drug abuse in the 242-day prepregnancy period. As shown
inTable 4, rates of drug abuse registrationwere even lower in
the immediate postpartum period (0–242 days) than during
pregnancy (odds ratio=0.13, 95% CI=0.11, 0.16). The rates of
drug abuse rose modestly in subsequent periods—243–484
days after childbirth (odds ratio=0.15, 95% CI=0.10, 0.18) and
485–726 days after childbirth (odds ratio=0.23, 95% CI=0.19,
0.28)—so that by 2 years postpartum, rates of drug abuse in
these new mothers were similar to rates seen during their
pregnancy.

TABLE 2. Association Between Pregnancy and Drug Abuse in the
General Population and in Cousins, Siblings, and Monozygotic
Twins Discordant for Pregnancy, as Estimated by the
Co-Relative Modela

Sample
Estimated
Odds Ratios 95% CI

Population 0.66 0.60, 0.72
Discordant cousins 0.56 0.51, 0.61
Discordant siblings 0.37 0.25, 0.45
Discordant monozygotic twins 0.17 0.10, 0.31

a Akaike information criterion: observed=660440.34; predicted=660438.78.

FIGURE 1. Association Between Pregnancy and Risk for Drug Abuse in the General Population, in
Cousins, Siblings, and Monozygotic Twins Discordant for Pregnancy, and Within Individuals
(Comparing Matched Periods Before and During Pregnancy) for a First and Second Pregnancya
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DISCUSSION

We utilized multiple approaches to clarify the magnitude
and causal nature of the association between pregnancy
and drug abuse in Swedish women. We addressed five
specific questions, which we review in turn here with the
results.

First, consistent with previous studies (20, 23, 24, 29), we
showed a moderate cross-sectional inverse association be-
tween pregnancy and rates of drug abuse. When controlling
for parental education and subject school achievement, this
association substantially strengthened, suggesting inverse

confounding.With these covariates, rates of drug abusewere
reduced by 60% during pregnancy.

Second, we applied a co-relative design examining risk for
drug abuse in pairs of related women discordant for preg-
nancy. As expected given inverse familial confounding, the
pregnancy–drug abuse association became progressively stron-
ger the more closely related the members of the relative pair
were. Using a model that fit the data well, we could predict a
reduction of 83% in risk for drug abuse in a pregnant woman
compared with her nonpregnant monozygotic co-twin.

Third, because pregnancy is episodic and discrete, we
could conduct within-individual analyses with subjects

TABLE 3. Potential Moderators of the Effect of Pregnancy on Risk for Drug Abuse

Rates of Drug Abuse (%)

Measure N Pregnancy Control
Difference

(%)
Interaction

p Odds Ratio 95% CI

General potential moderators

Parental educationa 0.026
Low 43,458 0.32 0.84 0.52 0.19 0.15, 0.23
Mid 83,428 0.22 0.61 0.39 0.25 0.21, 0.30
High 7,967 0.20 0.36 0.16 0.34 0.23, 0.49

Drug abuse in mother’s parents 0.870
No 142,592 0.18 0.50 0.32 0.22 0.19, 0.26
Yes 7,634 1.26 2.95 1.69 0.23 0.17, 0.31

School achievement (SD units)b 0.286
–2.5 to –1.5 15,853 1.07 2.79 1.72 0.21 0.18, 0.25
–1.5 to –0.5 38,047 0.30 0.81 0.51 0.23 0.20, 0.26
–0.5 to 0.5 58,622 0.09 0.28 0.19 0.25 0.20, 0.31
0.5 to 1.5 33,225 0.05 0.08 0.03 0.26 0.19, 0.37
1.5 to 2.5 4,479 0.09 0.04 –0.05 0.28 0.18, 0.45

Prior crime (in mother) 0.194
No 139,408 0.11 0.33 0.22 0.24 0.20, 0.29
Yes 10,818 1.81 4.43 2.62 0.20 0.16, 0.25

Prior drug abuse (in mother) 0.119
No 146,420 0.08 0.26 0.18 0.24 0.21, 0.30
Yes 3,806 6.38 14.74 8.36 0.20 0.16, 0.24

Prior psychiatric diagnosis 0.150
No 298,494 0.23 0.62 0.39 0.23 0.20, 0.26
Yes 979 0.72 2.45 1.73 0.06 0.01, 0.38

Age at pregnancy 0.117
–25 73,828 0.34 0.97 0.63 0.21 0.18, 0.25
25+ 76,398 0.14 0.30 0.16 0.27 0.21, 0.35

Marriedc 0.652
No 119,325 0.27 0.72 0.45 0.22 0.19, 0.26
Yes 14,870 0.14 0.37 0.23 0.19 0.10, 0.36

Features of cohabiting biological father’s drug abuse as potential moderators

Prior drug abuse in father 0.097
No 124,408 0.03 0.13 0.10 0.16 0.11, 0.23
Yes 5,960 1.90 4.68 2.78 0.23 0.18, 0.30

Drug abuse during pregnancy in all
fathers

,0.001

No 129,700 0.05 0.19 0.14 0.17 0.13, 0.22
Yes 668 12.13 19.11 6.98 0.35 0.26, 0.46

a Parental education was used as a continuous term in the models, hence only one interaction term. The reported odds ratios are an illustration of the odds ratios
at different levels of parental education.

b School achievement was used as a continuous term in themodels, hence only one interaction term. The reported odds ratios are an illustration of the odds ratios
at different levels of school achievement.

c In the analyses of married people, individuals who got married during the control or hazard period were excluded; for these individuals, we could not separate
out whether the effect was due to marriage or pregnancy.
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acting as their own control. Compared with the immediately
preceding equivalent time period, rates of drug abuse de-
clined 78% during pregnancy—nearly identical to the rate
estimated in pregnancy-discordant monozygotic twins. We
also showed that the protective effect of pregnancy was not
affected by changing marital status, was similar in first and
second pregnancies, andwas stronger in the second half than
in the first half of pregnancy. While conclusions from ob-
servational data are always tentative, our results from pop-
ulationfindingswith covariates, our co-relative analyses, and
our within-person analyses are consistent in suggesting that
the large majority of the inverse association between preg-
nancy and drug abuse is causal in nature.

These results can be usefully compared with results from
several previous studies. In longitudinal analyses of data from
theMonitoring the Future study (22), 4%of pregnantwomen
reported using cannabis in the past 30 days, a rate one-third
that of matched nonpregnant women. Multivariate analyses

found that most of this effect was independent of other
predictors, includingmarital status. Cross-sectional analyses
of recentU.S.national surveydata (29) showedthat the rateof
recent cannabis use in the second and the third trimester of
pregnancy among females 12–44 years of age was 3.6% and
1.7%, respectively, comparedwith 7.6% in amatched group of
nonpregnant women. In a sample of 1,492 consecutive prenatal
carepatients fromfoururbanU.S. clinics (23), 55.6%ofmothers
using illicit drugs reported cessation during pregnancy. In a
sampleof 1,336mothers from theBaltimore-Washington Infant
Study (24), 54.6% of mothers who reported illicit drug use quit
during pregnancy. Finally, nurse-midwife reports of smoking
rates in pregnantwomen in Sweden (30) showadecline in both
heavy smoking and any smoking, from 12.3% and 21.9%, re-
spectively, prior to pregnancy to 3.3% and 10.1%, respectively, at
week 30–32. The validity of these smoking measures is sup-
ported by amuch higher risk of chronic obstructive pulmonary
disease in women still smoking in their third trimester (30).

FIGURE 2. Estimated Risk for Drug Abuse During the Control Periods and Pregnancy as a Function of Four Potential Moderators: Prior
Crime, Parental Drug Abuse, Prior Drug Abuse (in the Pregnant Mother) and Marital Statusa
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We examined an array of variables that might moderate
the impact of pregnancy on drug abuse. For most of them,
including prior crime or drug abuse (which strongly pre-
dicted risk for drug abuse during pregnancy), the protective
effect of pregnancy (as indexed by the odds ratio) was similar
in those at low and high baseline risk. However, as shown in
Figure 2, taking a risk difference approach shows that
pregnancy reduces the number of drug abuse episodes far
more in those at high prior risk than in those at lowprior risk.
Features of drug abuse in the cohabiting father of the child
weakened the protective effect of pregnancy, particularly
when the father was abusing drugs during the pregnancy.

Fourth, studying multiple pregnancies and patterns of
drug abuse in the cohabiting child’s father provides some
insights into the mechanism of the drug abuse–pregnancy
association. If it is driven largely by long-term changes in
attitudes toward drug use, we would expect an attenuation
of the protective effect over multiple pregnancies. If, by
contrast, the reduction results from a time-limited desire to
reduce fetal exposure, then the effect might be more similar
across pregnancies. Our results that show similar protective
effects for a first and second pregnancy support the latter
hypothesis. The large reduction in rates of drug abuse in the
pregnantwomancomparedwith the cohabiting father allows
us to isolate the impact of her direct motivation to reduce
exposure to her child from more general social pressures on
thecouple.However, the rateof drugabuse amongcohabiting
fathers is reducedmodestly during their partners’pregnancy,
and fathers who abstain likely encourage the mothers’ ab-
stinence. Indeed, the protective effect of pregnancy on drug
abuse risk in mothers weakened when the husband abused
drugs during the pregnancy.

Finally, using within-individual analyses, we examined
whether the large reduction in risk for drug abuse during
pregnancy persisted into the immediate postpartum period.
We found that it did, and indeed, during the first year
postpartum, rates of drug abuse fell even lower, to 84%below
their prepregnancy rates. They then climbed gradually, so
that by approximately 2 years after birth, rates of drug abuse
were similar to those observed during pregnancy.

Whereas postpartum drug abuse relapse is common in
the United States, ranging from 27% for cocaine to 41% for
marijuana (31) and up to 85% for cigarettes (32), our study
showed, after birth, a further decrease in drug abuse below
rates observed in pregnancy. Higher rates of breastfeeding
among Swedish women (33–35) may play a role in this, as

breastfeeding appears to be
protective against relapse to
alcohol (36) and cigarette
smoking (37). Klee (38) has
reviewed the wide range of
factors that might contribute
to a protective effect of par-
enting on drug abuse. More
specifically, and consistent
with our findings, Bachman

et al. (39), using longitudinal data from the Monitoring the
Future study, observed, among both women who remained
married and those who remained single, considerable re-
ductions in cannabis and cocaine use associated with the
transition to parenthood.

Recent meta-analyses of controlled trials of contingency
management in the treatment of drug abuse estimated effect
sizes (Cohen’s d) of 0.32 (5), 0.42 (4), and 0.58 (6). Using our
within-person analyses, the effect size for pregnancy and
early parenthood on drug abuse registration were larger
(d=0.83, 95% CI=0.74, 0.92, and d=1.12, 95% CI=1.01, 1.21,
respectively), suggesting strong motivation in the mother to
protect her developing child and young infant from the direct
and indirect effects of drug exposure.

While pregnancy intrinsically motivates many women to
discontinue drug abuse, others do not quit. For them, preg-
nancyprovides obstetrics practitioners and counselorswith a
“teachablemoment” to kindlematernalmotivation to abstain
from drug use (40). Research finds that contingency man-
agement can further encourage prenatal care (41) and coun-
seling session attendance (42, 43). Despite some evidence that
extrinsic motivation interferes with intrinsic motivation to
stop smoking (44), integrated therapies for drug abuse are
gaining support, often pairing interventions that promote in-
trinsic motivation, such as motivational interviewing, with ex-
trinsic contingency motivation (44).

These results should be interpreted in the context of five
potential methodological limitations. First, our results are
limited to the Swedish population andmay not extrapolate to
other countries. Second, drug abuse was ascertained using
medical and criminal records, which are not dependent on
subject cooperation or accurate recall. Compared with inter-
views, these methods likely generate both false positive and,
particularly, false negative diagnoses. While large interview-
basedstudiesofdrugabuseprevalencehavenotbeenconducted
in Sweden, lifetime prevalence of drug abuse or dependence in
nearby Norway is only slightly higher than the estimates we
obtainusingourmethods inSweden (46).Third,wecannot rule
out additional factors, such as counseling from nursemidwives
or threats of child removal influencing pregnant women’s de-
cisions to cease drug abuse. However, removal of children from
mothers is rare in Sweden; in a recent year, it involved only
0.08% of children 0–3 years of age (47).

Fourth, because of frequent amenorrhea, drug-abusing
women may have a delayed recognition of pregnancy. We
therefore reran our within-person analyses assuming that

TABLE4. Within-Individual Analyses of RatesofDrugAbuse in thePrepregnancy (Control) Compared
With Postpartum Periods

Prevalence of Drug Abuse (%)

Risk Period N Control Perioda Risk Period Odds Ratio 95% CI

0–242 days after childbirth 126,586 0.65 0.14 0.13 0.11, 0.16
243–484 days after childbirth 110,067 0.66 0.16 0.15 0.10, 0.18
485–726 days after childbirth 93,799 0.66 0.22 0.23 0.19, 0.28

a All control periods are the 242 days before birth.
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the women did not recognize their pregnancy until 32 days
after what would have typically been their last menstrual
period. The resulting odds ratio for drug abuse during preg-
nancy (oddsratio=0.23, 95%CI=0.19,0.27)wasnearly identical
to that found in our main analyses.

Fifth, pregnancy could have an impact on our methods of
drug abuse ascertainment. To examine this, we repeated the
within-person analyses for drug abuse based on our twomost
common forms of ascertainment. The protective effect of
pregnancy on drug abuse was clearly seen but was slightly
weaker from medical (odds ratio=0.32, 95% CI=0.26, 0.40)
than from criminal registration (odds ratio=0.20, 95% CI=
0.16, 0.25). A similar but more striking difference was seen
in the immediate postpartum period, when the protective
effects were weaker from medical (odds ratio=0.19, 95%
CI=0.15, 0.25) than from criminal registration for drug abuse
(odds ratio=0.09, 95% CI=0.07, 0.13).

CONCLUSIONS

While definitive resolution of causal questions in observa-
tional data is impossible, multiple lines of evidence suggest
that women voluntarily decrease their levels of drug abuse
during pregnancy and early parenthood. Whereas we have
made major advances in the understanding the biological
basis of addiction (1–3), there are limitations to an exclusively
brain-based view of drug abuse. Consistent with previous
studies of contingencymanagement (4–6), this study suggests
that volitional and motivational components can interact
withbiological vulnerabilities andneurobiological changes to
alter the course of drug abuse. Understanding the strong and
often effectivemotivation demonstrated by pregnant women
andyoungmothers to stop their drug abusemayhelp us improve
our contingency management treatment methods.
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