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Abstract

Background: Pharmacotherapy is effective in reducing the core symptoms of attention-deficit/hyperactivity
disorder (ADHD). We aimed to investigate the concurrent association between pharmacotherapy for ADHD in
offspring and depression-related specialty care visits by the parents with a history of depression.

Methods: Using data from a variety of Swedish national registers, we conducted a cohort study with 8-year follow-
up of 5605 parents (3872 mothers and 1733 fathers) who had a history of depression and an offspring diagnosed
with ADHD. The hazard rate for parental depression-related specialty care visits during exposed periods when the
offspring was on medication for treatment of ADHD was compared with the hazard rate during unexposed periods
when the offspring was off medication. Within-individual comparisons were employed to control for time-constant
confounding factors.

Results: Among mothers, the crude rates of depression-related specialty care visits during exposed and unexposed
periods were 6133 and 63.95 per 100 person-years, respectively. The corresponding rates among fathers were 49.23
and 54.65 per 100 person-years. When the same parent was compared with him or herself, fathers showed a
decreased hazard rate for depression-related visits during exposed periods when the offspring was on medication
for treatment of ADHD as compared to unexposed periods (hazard ratio, 0.79 [95% confidence interval, 0.70 to
0.90]). No statistically significant associations were observed in mothers.

Conclusions: Among parents with a history of depression, pharmacotherapy for ADHD in offspring is concurrently
associated with a decreased rate of depression-related specialty care visits in fathers but not in mothers. Future
research with refined measures of parental depression and other time-varying familial factors is needed to better
understand the mechanisms underlying the association.
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Background

Attention-deficit/hyperactivity disorder (ADHD) is a neuro-
developmental disorder affecting both children and adults
[1-3]. Inattention, hyperactivity, and impulsivity constitute
core symptoms of ADHD [4]. Children and adolescents
with ADHD are at increased risk of conduct disorder [5],
learning disabilities [5], substance use disorder [6], criminal-
ity [7], and injuries [8], which might add to the overall bur-
den on caregivers.

A multi-country online survey conducted among 2326
caregivers of children/adolescents with ADHD showed
that the caregivers experienced considerable burden in
terms of work, social activity, family life, and parental
stress, despite pharmacotherapy received by all children/
adolescents during the previous 6months [9]. In
addition, the survey found that ADHD medication ad-
herence was associated with reduced caregiver burden
related to work and social activity [9]. One limitation of
the survey study was the lack of an optimal proxy for
off-medication time.

High caregiver burden has been linked to depression
among caregivers of patients with different health prob-
lems [10-12]. Previous research found that parents of off-
spring with ADHD tend to show more depressive
symptoms and parental stress than parents of offspring
without ADHD [13-15]. While pharmacotherapy is effect-
ive in reducing core symptoms of ADHD [16, 17], and as-
sociated with decreased risks of adverse health outcomes
[7, 8, 18], to date, it remains unclear whether pharmaco-
therapy for ADHD in offspring may benefit the parents,
for example, by mitigating parental depression.

One substantial challenge to such investigation results
from the genetic overlap between ADHD and depres-
sion. The most up-to-date meta-analysis of genome-wide
association studies (GWASs) of ADHD reported a mod-
erate genetic correlation (about 0.4) between ADHD and
depression [19]. Because of the genetic sharing between
offspring and their parents, offspring who received
pharmacotherapy for ADHD might be more likely to have
parents with depression than offspring without ADHD,
even in the absence of any causal relationship. This is an
issue similar to confounding by indication in pharmacoe-
pidemiological studies [20]. Nonetheless, the Swedish na-
tional health registers provide medical records of hospital
discharge and drug dispensation, enabling us to compare
the rate for depression-related specialty care visits by par-
ents during the time periods when their ADHD-affected
offspring are on medication with the rate during all other
time periods. When comparisons are made within the
same parents across different time periods, all time-con-
stant factors, such as genetic makeup and disease severity
at baseline, are implicitly cancelled out.

Using data from the Swedish national registers, we
conducted a cohort study to investigate the concurrent
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association between pharmacotherapy for ADHD in off-
spring and rate of depression-related specialty care visits
by the parents with a history of depression.

Methods

Data sources and study population

All residents in Sweden are assigned a unique per-
sonal identity number that allows for large-scale link-
age across the Swedish national registers [21]. The
Medical Birth Register contains data on 99% of all
births in Sweden since 1973 [22]. The National Pa-
tient Register was established in 1964 and covers al-
most 100% of inpatient care, with information on
psychiatric inpatient care being added since 1973 [23].
From 2001 onwards, the register also includes data
on outpatient specialty care visits to the public care-
givers, whereas data from the private caregivers have
been missing. Although we are not aware of any sys-
tematic validation for ADHD and depression diagno-
ses in the National Patient Register, most diagnoses in
the register have a positive predictive value of about
85-95% [23]. The Total Population Register contains
information on births, deaths, and migrations [24].
Virtually all births and deaths are reported within 30
days of the event. The Multi-Generation Register
links individuals born in Sweden since 1932 and reg-
istered as living in Sweden since 1961 to their bio-
logical parents [25].

By linking these registers, we identified offspring born
between January 1, 1992, and December 31, 2003 and later
diagnosed with ADHD according to the International
Classification of Disease, 10th, revision (ICD-10 code:
F90). We then identified their parents who were born
from January 1, 1964 onwards and had at least one spe-
cialty care visit with depression as the primary diagnosis.
In the current study, while the offspring defined the ex-
posure (i.e., on- or off-treatment by ADHD medication),
the parents constituted the cohorts. In total, we identified
3872 mothers and 1733 fathers fulfilling the inclusion cri-
teria. Mothers and fathers were separately followed up for
future depression-related visits from January 1, 2006, the
offspring’s 6th birthday, or the first depression-related
visit, whichever came last, until death, death of the off-
spring, the offspring’s 18th birthday, or December 31,
2013, whichever occurred first. All offspring were at least
6 years old when their parents entered the follow-up, be-
cause ADHD medications are only recommended for chil-
dren at least 6 years old in Sweden [26].

Treatment status by ADHD medication

We retrieved information on dispensed ADHD medica-
tions based on the Anatomical Therapeutic Chemical
(ATC) codes from the Swedish Prescribed Drug Register
[27]. The register contains data on dispensed drugs to the
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entire Swedish population since July 2005, but does not
include over the counter medications or medications ad-
ministered in hospital. In Sweden, ADHD medications are
only available through prescription and, with regards to
children, almost exclusively prescribed by child psychia-
trists or child neurologists. Information on patient identity
is only missing on <0.3% of all registered prescriptions
[27]. In the current study, we identified all dispensing
dates of four stimulants (methylphenidate [NO6BA04],
amfetamine [NO6BAO1], dexamfetamine [NO6BA02], and
lisdeamfetamin [NO6BA12]) and one non-stimulant (ato-
moxetine [NO6BA09]) for treatment of ADHD. In accord-
ance with prior research [18, 28], we divided the follow-up
into time periods when offspring were on and off medica-
tion for treatment of ADHD. An offspring was considered
on medication during the time interval between two con-
secutive ADHD medication dispensations no longer than
6 months (183 days) apart. An on-medication period
started on the date of first dispensation and ended on the
date of last dispensation. The remaining time periods were
off-medication periods. A detailed description of the def-
inition of exposed period can be found elsewhere [7]. In
the current study, 77.1% of the mothers and 79.2% the fa-
thers were exposed to at least one period when their off-
spring were on medication for treatment of ADHD.

Outcome events

The outcome events were defined as depression-related
specialty care visits including any hospital admissions or
outpatient visits to psychiatric specialists, with depression
(ICD-10: F32-33) as the primary diagnosis. Information
on dates of the visits was retrieved from the National Pa-
tient Register. In one of the sensitivity analyses, depres-
sion-related unplanned visits were used as secondary
outcome events.

Covariates

The analyses were adjusted for parental baseline character-
istics, including civil status (unmarried, married, divorced,
or widowed), employment (yes or no), and highest educa-
tion achieved (basic education, upper secondary education,
or tertiary education), as well as age (in years) and sex (male
or female) of the offspring. Information for constructing
the covariates was retrieved from the Medical Birth Register
[22] and the Longitudinal Integration Database for Health
Insurance and Labor Market [29]. Missing data on any co-
variates were less than 1%.

Statistical analyses

During follow-up, a parent remained at risk for future out-
come event after an event occurred, with follow-up time
being reset to baseline. Cox proportional hazards models
were used to compare the hazard rate for future outcome
event in parents during exposed periods with the hazard
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rate during unexposed periods. The results were presented
as hazard ratios (HRs) and 95% confidence intervals (CIs).
The models were automatically adjusted for the selected
underlying time scale, which was time since last outcome
event [30]. Robust standard errors were calculated to ac-
count for non-independence between outcome events
within the same parent [30]. The models were adjusted
for offspring’s age in years as a categorical time-varying
covariate, as well as other measured time-constant covari-
ates. Proportional hazard assumption was verified via vis-
ual inspection of the plot of Schoenfeld residuals. The
analyses were conducted separately in mothers and fa-
thers. A detailed description of the methodology can be
found elsewhere [7].

Stratified Cox proportional hazards models were used
for within-individual comparisons, with each parent as a
separate stratum. The analyses were implicitly adjusted
for time-constant factors and explicitly adjusted for off-
spring’s age in years as a categorical time-varying
covariate.

To test the robustness of our findings, we conducted a
series of sensitivity analyses. To minimize bias arising
from time-varying factors associated with change in
ADHD status of parents themselves or disease status of
other family members, we restricted the analyses in
three sub-cohorts, namely, ADHD unaffected parents,
parents having only one ADHD affected child, and par-
ents whose partner was not affected by depression dur-
ing follow-up. To test influences from potential
exposure misclassification, we repeated the analyses
using two alternative definitions of on-medication
period. First, we used a 4-month (122 days) cut-off (i.e.,
an on-medication period was redefined as the time inter-
val between two consecutive ADHD medication dispen-
sations no longer than 4 months apart). Second, we
extended the primary definition of on-medication period
by 30days. We also explore the association between
pharmacotherapy for ADHD in offspring and the hazard
rate for depression-related unplanned visits in depressed
parents. This outcome definition was used as a proxy for
newly onset depressive episode in prior research [31]. Fi-
nally, to further explore the association between parental
depression-related visits and ADHD treatment initiation
in offspring, we plotted the rates of the visits by mothers
and fathers per every 8 weeks during 40 weeks before
and 40 weeks after the treatment initiation in offspring.
The analyses were restricted to 2589 depressed mothers
and 1189 depressed fathers whose offspring were new
users of ADHD medications. The new users were indi-
viduals with the first registered dispensation of any
ADHD medications between January 1, 2007, and De-
cember 31, 2012, and thus they were free of ADHD
medications for at least 1.5years, given that the Pre-
scribed Drug Register started in July 1, 2005.
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All statistical hypotheses were two-sided with the sig-
nificance level of .05. SAS software version 9.4 was used
for constructing the analytic datasets. Survival package in
R software version 3.4 was used for statistical analyses.

Ethics

This study was approved by the Ethics Review Board in
Stockholm, Sweden (diary number 2013/862-31/5).
Since this was a registry-based study, informed consent
was not required [32].

Results

Among 3872 mothers (Mean [SD] age at baseline: 36.1
[5.1] years), 4194 and 8784 outcome events occurred dur-
ing 6838 exposed and 13,735 unexposed person-years, giv-
ing crude rates of 61.33 (95% CI, 59.48-63.19) and 63.95
(95% CI, 62.62—65.29) per 100 person-years for the re-
spective periods. Among 1733 fathers (Mean [SD] age at
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baseline: 37.4 [4.9] years), 1532 and 3187 outcome events
occurred during 3112 exposed and 5832 unexposed per-
son-years, giving crude rates of 49.23 (95% CI, 46.76—
51.69) and 54.65 (95% CI, 53.75-56.54) per 100 person-
years for the respective periods. Other baseline character-
istics of parents and their offspring are shown in Table 1.

Between-individual comparisons

Between-individual comparisons (Table 2) showed no
significant association between pharmacotherapy for
ADHD in offspring and the hazard rate for depression-
related visits in either mothers (HR, 1.00 [95% CI, 0.92—
1.09]) or fathers (HR, 0.96 [95% CI, 0.87-1.06]).

Within-individual comparisons
When the same parent was compared to him or herself
across different time periods (Table 2), fathers showed a

Table 1 Baseline characteristics of parents with a history of depression and their offspring with ADHD

Characteristics of parents

Mothers (n =3872) Fathers (n=1733)

Age at baseline, No. (%)
20-29 years
30-39 years
40-49 years
Civil status, No. (%)
Unmarried
Married
Divorced
Widowed
Missing
Highest education achieved, No. (%)
Basic education
Upper secondary education
Tertiary education
Missing
Employment, No. (%)
Employed
Unemployed
Missing
Offspring, No.
Sex of offspring, No. (%)
Female
Male
Age of offspring at baseline, No. (%)
6-10 years
11-15 years
16-17 years

At least one on-medication period, No. (%)

445 (11.5) 125 (7.2)
2351 (60.7) 975 (56.3)
1076 (27.8) 633 (36.5)
1459 (37.7) 736 (42.5)
1406 (36.3) 555 (32.0)
984 (254) 429 (24.8)
13(0.3) 5(0.2)

10 (0.3) 8(05)

836 (21.6) 439 (253)
2187 (56.5) 1064 (61.4)
847 (21.9) 230 (133)
2(0.1) 0(00)
2074 (53.6) 1092 (63.0)
1792 (46.3) 634 (36.6)
6(0.2) 7(04)
4340 1928

1315 (303) 604 (31.3)
3025 (69.7) 1324 (68.7)
2419 (55.7) 1091 (56.6)
1605 (37.0) 709 (36.8)
316 (7.3) 128 (6.6)
3344 (77.1) 1527 (79.2)
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Table 2 Associations between pharmacotherapy for ADHD in offspring and the hazard rate for depression-related specialty care

visits in parents

Between-individual comparison °

Within-individual comparison ®

Parents, No. Events, No. HR (95% Cl) HR (95% Cl)
Mothers 3872 12,978 1.00 (0.92-1.09) 0.99 (0.91-1.06)
Fathers 1733 4719 0.96 (0.87-1.06) 0.79 (0.70-0.90)

HR Hazard ratio, CI confidence interval

“Between individual comparisons were adjusted for age of the offspring as a time-varying covariate, as well as measured time-constant covariates, including sex
of the offspring, civil status, highest education achieved, and employment status of the parent at baseline
Pwithin individual comparisons were adjusted for age of the offspring as a time-varying covariate

decreased hazard rate for depression-related visits dur-
ing exposed periods as compared to unexposed periods
(HR, 0.79 [95% CI, 0.70—0.90]). The association, how-
ever, was not statistically significant in mothers (HR,
0.99 [95% CI, 0.91-1.06]).

Sensitivity analyses

The pattern of results from both between- and within-
individual comparisons remained in sensitivity analyses
in the three sub-cohorts of depressed parents, using two
alternative definitions of on-medication period, or using
depression-related unplanned visits as the outcome
events (Table 3).

Finally, despite some fluctuation, the rate of depres-
sion-related visits during 40 weeks before ADHD treat-
ment initiation in children appeared to be stable in both
mothers and fathers. After treatment initiation, the rate
in mothers remained relatively stable; the rate in fathers
decreased within 16 weeks, nearly leveled off afterwards
until it decreased again after approximately 32 weeks

(Fig. 1).

Discussion

In this large cohort study, we followed up 5605 parents
(3872 mothers and 1733 fathers) with a history of de-
pression and an offspring diagnosed with ADHD for 8
years to investigate the concurrent association between

Table 3 Sensitivity analyses for associations between pharmacotherapy for ADHD in offspring and the hazard rate for depression-

related specialty care visits in parents

Parents, Events,
No. No.

Between-individual comparison °
HR (95% Cl)

Within-individual comparison ®
HR (95% Cl)

Parents who were not diagnosed with ADHD or treated with ADHD medication

Mothers 2806

Fathers 1237
Parents who had only one ADHD affected child
3455 10,720
Fathers 1553 3751

8869
3313

Mothers
Parents whose partner were free of depression during follow-up

3716 12,350
Fathers 1559 4166

Mothers

On-medication period redefined by a four-month cut-off

Mothers 3872 12,978

Fathers 1733 4719
Extending on-medication period by 30 days

Mothers 3872 12,978

Fathers 1733 4719
Depression-related unplanned visits as outcome events

Mothers 1694 1116

Fathers 886 503

1.04 (0.95-1.15)
0.96 (0.85-1.08)

1.01 (0.92-1.12)
0.95 (0.84-1.07)

1.00 (0.92-1.09)
0.96 (0.86-1.07)

1.01 (0.93-1.10)
0.95 (0.86-1.05)

1.00 (0.92-1.08)
0.96 (0.87-1.07)

1.04 (0.82-1.33)
1.02 (0.83-1.25)

0.97 (0.88-1.06)
0.79 (0.67-0.93)

0.97 (0.90-1.06)
0.81 (0.70-0.94)

0.99 (0.92-1.07)
0.79 (0.69-0.91)

1.01 (0.94-1.08)
0.78 (0.69-0.88)

0.98 (0.91-1.06)
0.80 (0.70-0.90)

1.22 (0.86-1.73)
0.58 (0.35-0.94)

HR Hazard ratio, Cl confidence interval

“Between individual comparisons were adjusted for age of the offspring as a time-varying covariate, as well as measured time-constant covariates, including sex
of the offspring, civil status, highest education achieved, and employment status of the parent at baseline
PWithin individual comparisons were adjusted for age of the offspring as a time-varying covariate
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pharmacotherapy for ADHD in offspring and rate of de-
pression-related visits in parents.

Between-individual analyses yielded no difference in
the hazard rate for depression-related visits in parents
during exposed periods when their offspring were on
medication for treatment of ADHD as compared to un-
exposed periods. Nonetheless, the analyses could not
take into consideration individual specific baseline sever-
ity of depression, and other unmeasured time-constant
or time-varying factors. In within-individual analyses, we
compared the same parent across time periods when his
or her offspring was on and off medication for treatment
of ADHD. Only those parents who had at least one out-
come event during follow-up and whose offspring had
both on-and off-medication periods contributed to the
analyses. Within-individual comparisons helped rule out
bias arising from time-constant factors, such as genetic
makeup and disease severity at baseline, and thus pro-
vided more valid estimates than between-individual
comparisons. Based on within-individual comparisons,
we detected an association between pharmacotherapy
for ADHD in offspring and a decreased hazard rate for
depression-related visits in fathers. No statistically sig-
nificant association was observed in mothers. The pat-
tern of results remained in all sensitivity analyses,
suggesting the findings were not due to our definitions
of study cohort, exposure, or outcome event.

In the current study, we speculate that the change in
hazard rate for depression-related visits in parents might
to some extent reflect the change in severity of depres-
sion during exposed and unexposed periods. Our find-
ings then could be explained by proper management of
ADHD in offspring leading to decrease in severity of de-
pression in the fathers. The process might be mediated
by father-perceived improvements in children’s ADHD
and subsequent stress-relief, as proposed by two prior

clinical studies reporting parent-perceived improvements
in children’s ADHD-related behavioral symptoms, par-
enting stress, and depressive symptoms in parents fol-
lowing methylphenidate treatment for ADHD in the
children [33, 34]. Alternatively, our findings could be at-
tributed to that while offspring were on medication for
treatment of ADHD, their parents were likely to receive
interventions aiming at training parents themselves to
appropriately handle children’s ADHD-related behaviors,
reducing parental stress, and increasing parental confi-
dence [35], which might also lead to improvement in de-
pression. In the current study, we did not observe
statistically significant association between pharmaco-
therapy for ADHD in offspring and depression-related
visits by mothers. Nonetheless, this does not necessarily
mean that there was no decrease in severity of maternal
depression associated with pharmacotherapy for ADHD
in the offspring, given the lack of direct measurements
for depressive symptoms.

To examine whether the observed associations for fa-
thers were due to reverse causation (ie., offspring with
ADHD might be more likely to be on medication for
treatment of ADHD when their parents were less de-
pressed), we plotted the rates of depression-related visits
by parents per every 8 weeks during 40 weeks before and
40 weeks after treatment initiation in offspring. We ob-
served no obvious drop in the rate shortly before treat-
ment initiation either in mothers or in fathers,
suggesting that treatment initiation in offspring was un-
likely triggered by parents being less depressed. None-
theless, we cannot rule out the possibility that decrease
in severity of depression in fathers might help improve
their offspring’s compliance to treatment of ADHD.
More research is needed to unravel the role of the com-
plex and dynamic parent-offspring interactions in the as-
sociations under study.
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The main strengths of our study include the large
sample and prolonged follow-up, both enhancing the
statistical power for detecting small effects. The Multi-
Generation Register allowed unambiguous identification
of parent-offspring relations. The prospectively collected
data on medication dispensations and depression-related
specialty care visits precluded recall bias. Furthermore,
we employed an innovative within-individual compari-
son design to control for unmeasured time-constant fac-
tors that often threaten the validity of observational
studies. In addition, since the exposure and outcome
events were separately defined in offspring and their par-
ents, our study was not subject to bias due to confound-
ing by contraindication (ie., in an observational study, a
medication might seem to have a protective effect on an
outcome when the outcome is a contraindication for the
medication) [36].

We also acknowledge some limitations of the study.
First, we are not aware of any validation study on ADHD
diagnosis in the National Patient Register. Nevertheless,
a prior study of 19,150 twins in Sweden found that 70%
twins with an ADHD diagnosis also screened positive
for ADHD by their parents [37]. In the current study,
over 77% of the children with ADHD were also dis-
pensed ADHD medications, indicating that they were
likely to be true ADHD cases. More importantly, it was
mainly the parents of these 77% children that contrib-
uted information to the within-individual analyses. Sec-
ond, on-medication periods were defined empirically
using medication dispensations. Although used in many
studies, the definition might not precisely reflect the ac-
tual consumption of ADHD medications by the off-
spring. The potential misclassification in exposure,
however, would tend to bias the estimates towards null
and therefore would not be responsible for the observed
significant associations in fathers. Indeed, when on-
medication period was redefined using two alternative
approaches, the results remained similar to the main re-
sults. Third, as in many other studies using within-indi-
vidual comparisons, unmeasured or even unknown
time-varying factors could not be handled by the ana-
lyses. Although our results restricted to the three sub-
cohorts were less likely affected by time-varying factors
associated with change in ADHD status of parents them-
selves or ADHD/depression status of other family mem-
bers, other comorbidities or life events occurring to the
offspring or their parents during follow-up might still
bias the estimated associations. Fourth, considering that
pharmacotherapy for ADHD is reserved to relatively se-
vere cases in Sweden [38], our findings apply primarily
to parents of offspring with ADHD that was severe
enough to warrant pharmacotherapy. Consequently, the
generalizability of the findings to other populations is
unclear but worth further investigation. Fifth, we were
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not able to take into account the influences of parent-off-
spring interactions and non-pharmacological treatments
received by either offspring or parents on the associations
of interest due to the lack of relevant data.

Conclusions

Among parents with a history of depression, pharmaco-
therapy for ADHD in offspring is concurrently associ-
ated with a decreased rate of depression-related specialty
care visits by fathers but not in mothers. Future research
with refined measures of parental depression and other
time-varying familial factors is needed to better under-
stand the mechanisms underlying the association.

Abbreviations

ADHD: Attention-deficit/hyperactivity disorder; Cl: Confidence interval;
GWAS: Genome-wide association study; HR: Hazard ratio; ICD: International
Classification of Diseases

Acknowledgements

The authors would like to thank Qing Shen, PhD student at the Department
of Medical Epidemiology and Biostatistics, Karolinska Institutet, for the
inspiring discussions on the study design and statistical analysis.

Authors’ contributions

QC designed the study together with HL, ZC, and PL. QC conducted the
statistical analyses. HL, CA, and PL were responsible for the data collection.
QC and JFL wrote the first draft of the manuscript and QC, HL, CA, ZC, PL,
BMD, JFL were involved in drafting subsequent versions of this article and
revising it critically for important intellectual content. All authors gave their
final approval of the version to be published.

Funding

This study was supported by the Swedish Research Council (grant number
2013-2280), the Swedish Initiative for Research on Microdata in the Social
And Medical Sciences (SIMSAM) framework (grant number 340-2013-5867),
and the National Institute of Mental Health (NIMH) (grant number
TROTMH102221). None of the funders had any influence in the design,
implementation, analysis or interpretation of the data in this study.

Availability of data and materials

The data that support the findings of this study contain sensitive personal
information and thus are not publicly available as they are subject to secrecy
in accordance with the Swedish Public Access to Information and Secrecy
Act. Data are however available from the authors upon reasonable request
and with permission from the Swedish Central Ethical Review Board
(kansli@cepn.se). Requests for data can be made to the Department of
Medical Epidemiology and Biostatistics in Karolinska Institutet
(internservice@meb.ki.se).

Ethics approval and consent to participate

This study was approved by the Ethics Review Board in Stockholm, Sweden
(diary number 2013/862-31/5). Since this was a registry-based study, in-
formed consent was not required. Administrative access to data were
granted by the two relevant government agencies Statistics Sweden and the
National Board of Health and Welfare.

Consent for publication
Not applicable.

Competing interests

HL has served as a speaker for Eli-Lilly and Shire and has received research
grants from Shire. The other authors have reported no potential conflicts of
interest.


mailto:kansli@cepn.se
mailto:internservice@meb.ki.se

Chen et al. BMC Psychiatry

(2019) 19:224

Author details

'Department of Medical Epidemiology and Biostatistics, Karolinska Institutet,
Nobels Vg 12A, SE-17177 Stockholm, Sweden. School of Medical Sciences,
Orebro University, Orebro, Sweden. *Pediatric Allergy and Pulmonology Unit
at Astrid Lindgren Children’s Hospital, Karolinska University Hospital,
Stockholm, Sweden. “Department of Psychological and Brain Sciences,
Indiana University, Bloomington, Indiana, USA. *Department of Pediatrics,
Orebro University Hospital, Orebro, Sweden. ®Division of Epidemiology and

Public Health, School of Medicine, University of Nottingham, Clinical Sciences

Building 2, City Hospital, Nottingham, UK. "Department of Medicine,
Columbia University College of Physicians and Surgeons, New York, USA.

Received: 22 August 2018 Accepted: 11 July 2019
Published online: 17 July 2019

References

1.

Polanczyk GV, Salum GA, Sugaya LS, Caye A, Rohde LA. Annual research
review: a meta-analysis of the worldwide prevalence of mental disorders in
children and adolescents. J Child Psychol Psychiatry. 2015;56(3):345-65.
Stuhec M, Svab V, Locatelli I. Prevalence and incidence of attention-deficit/
hyperactivity disorder in Slovenian children and adolescents: a database
study from a national perspective. Croat Med J. 2015;56(2):159-65.

Faraone SV, Asherson P, Banaschewski T, Biederman J, Buitelaar JK, Ramos-
Quiroga JA, Rohde LA, Sonuga-Barke EJS, Tannock R, Franke B. Attention-
deficit/hyperactivity disorder. Nature Reviews Disease Primers, Published
online; 2015. https;//doi.org/10.1038/nrdp201520 2015.

American Psychiatric Association. Diagnostic and statistical manual of
mental disorders : DSM-IV-TR, 4th edn. Washington: American Psychiatric
Press; 2000.

Pliszka SR. Comorbidity of attention-deficit/hyperactivity disorder with
psychiatric disorder: an overview. J Clin Psychiatry. 1998;59(Suppl 7):50-8.
Harstad E, Levy S. Attention-deficit/hyperactivity disorder and substance
abuse. Pediatrics. 2014;134(1):2293-301.

Lichtenstein P, Halldner L, Zetterqvist J, Sjolander A, Serlachius E, Fazel S,
Langstrom N, Larsson H. Medication for attention deficit-hyperactivity
disorder and criminality. N Engl J Med. 2012,367(21):2006-14.

Dalsgaard S, Leckman JF, Mortensen PB, Nielsen HS, Simonsen M. Effect of
drugs on the risk of injuries in children with attention deficit hyperactivity
disorder: a prospective cohort study. Lancet Psychiatry. 2015;2(8):702-9.
Fridman M, Banaschewski T, Sikirica V, Quintero J, Erder MH, Chen KS.
Factors associated with caregiver burden among pharmacotherapy-treated
children/adolescents with ADHD in the caregiver perspective on pediatric
ADHD survey in Europe. Neuropsychiatr Dis Treat. 2017;13:373-86.

Given B, Wyatt G, Given C, Sherwood P, Gift A, DeVoss D, Rahbar M. Burden
and depression among caregivers of patients with cancer at the end of life.
Oncol Nurs Forum. 2004;31(6):1105-17.

Sherwood PR, Given CW, Given BA, von Eye A. Caregiver burden and
depressive symptoms: analysis of common outcomes in caregivers of
elderly patients. J Aging Health. 2005;17(2):125-47.

Pirraglia PA, Bishop D, Herman DS, Trisvan E, Lopez RA, Torgersen CS,
Van Hof AM, Anderson BJ, Miller |, Stein MD. Caregiver burden and
depression among informal caregivers of HIV-infected individuals. J Gen
Intern Med. 2005;20(6):510-4.

Barkley RA, Fischer M, Edelbrock C, Smallish L. The adolescent outcome of
hyperactive children diagnosed by research criteria—Ill. Mother-child
interactions, family conflicts and maternal psychopathology. J Child Psychol
Psychiatry. 1991;32(2):233-55.

Barkley RA, Anastopoulos AD, Guevremont DC, Fletcher KE. Adolescents
with attention deficit hyperactivity disorder. mother-adolescent interactions,
family beliefs and conflicts, and maternal psychopathology. J Abnorm Child
Psychol. 1992;20(3):263-88.

Woodward L, Taylor E, Dowdney L. The parenting and family functioning of
children with hyperactivity. J Child Psychol Psychiatry. 1998;39(2):161-9.
Faraone SV, Glatt SJ. A comparison of the efficacy of medications for adult
attention-deficit/hyperactivity disorder using meta-analysis of effect sizes. J
Clin Psychiatry. 2010;71(6):754-63.

Faraone SV, Buitelaar J. Comparing the efficacy of stimulants for ADHD
in children and adolescents using meta-analysis. Eur Child Adolesc
Psychiatry. 2010;19(4):353-64.

Chang Z, Lichtenstein P, D'Onofrio BM, Sjolander A, Larsson H. Serious
transport accidents in adults with attention-deficit/hyperactivity disorder

20.

21,

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Page 8 of 8

and the effect of medication: a population-based study. JAMA psychiatry.
2014;71(3):319-25.

Demontis D, Walters RK, Martin J, Mattheisen M, Als TD, Agerbo E,
Baldursson G, Belliveau R, Bybjerg-Grauholm J, Baekvad-Hansen M, et al.
Discovery of the first genome-wide significant risk loci for attention deficit/
hyperactivity disorder. Nat Genet. 2019;51(1):63-75.

Kyriacou DN, Lewis RJ. Confounding by indication in clinical research. JAMA.
2016;316(17):1818-9.

Ludvigsson JF, Otterblad-Olausson P, Pettersson BU, Ekbom A. The Swedish
personal identity number: possibilities and pitfalls in healthcare and medical
research. Eur J Epidemiol. 2009,24(11):659-67.

Cnattingius S, Ericson A, Gunnarskog J, Kallen B. A quality study of a
medical birth registry. Scand J Soc Med. 1990;18(2):143-8.

Ludvigsson JF, Andersson E, Ekbom A, Feychting M, Kim JL, Reuterwall C,
Heurgren M, Olausson PO. External review and validation of the Swedish
national inpatient register. BMC Public Health. 2011;11:450.

Ludvigsson JF, Almqvist C, Bonamy AK, Ljung R, Michaelsson K, Neovius M,
Stephansson O, Ye W. Registers of the Swedish total population and their
use in medical research. Eur J Epidemiol. 2016;31(2):125-36.

Ekbom A. The Swedish multi-generation register. Methods Mol Biol.
2011,675:215-20.

Swedish Medical Products Agency: Lakemedelsbehandling av ADHD. 2009.
Wettermark B, Hammar N, Fored CM, Leimanis A, Otterblad Olausson P,
Bergman U, Persson |, Sundstrom A, Westerholm B, Rosen M. The new
Swedish prescribed drug register--opportunities for
pharmacoepidemiological research and experience from the first six
months. Pharmacoepidemiol Drug Saf. 2007;16(7):726-35.

Chen Q, Sjolander A, Runeson B, D'Onofrio BM, Lichtenstein P, Larsson H.
Drug treatment for attention-deficit/hyperactivity disorder and suicidal
behaviour: register based study. BMJ. 2014;348:93769.

Sweden S. Longitudinell integrationsdatabas for Sjukférsakrings- och
Arbetsmarknadsstudier (LISA) 1990-2009. In. Sweden: Statistics Sweden; 2011.
Allison PD. Fixed effects regression models. SAGE: Los Angeles; 2009.
Chang Z, D'Onofrio BM, Quinn PD, Lichtenstein P, Larsson H. Medication for
attention-deficit/hyperactivity disorder and risk for depression: a Nationwide
longitudinal cohort study. Biol Psychiatry. 2016;,80(12):916-22.

Ludvigsson JF, Haberg SE, Knudsen GP, Lafolie P, Zoega H, Sarkkola C, von
Kraemer S, Weiderpass E, Norgaard M. Ethical aspects of registry-based
research in the Nordic countries. Clin Epidemiol. 2015;7:491-508.

Hwang JW, Kim B, Kim Y, Kim TH, Seo WS, Shin DW, Woo YJ, Yoo H, Lee JS,
Lee JH, et al. Methylphenidate-osmotic-controlled release oral delivery
system treatment reduces parenting stress in parents of children and
adolescents with attention-deficit/hyperactivity disorder. Hum
Psychopharmacol. 2013;28(6):600-7.

Kim JW, Park S, Kim BN, Shin MS, Cho SC, Kim JH, Son JW, Shin YM, Chung
US, Han DH. Parental perceived benefits of OROS-methylphenidate
treatment for the child with attention-deficit/hyperactivity disorder and for
parents themselves. Pharmacopsychiatry. 2013;46(4):137-46.

Zwi M, Jones H, Thorgaard C, York A, Dennis JA. Parent training
interventions for Attention Deficit Hyperactivity Disorder (ADHD) in children
aged 5 to 18 years. Cochrane Database Syst Rev. 2011;(12):Cd003018.
Feenstra H, Grobbee RE, in't Veld BA, Stricker BH. Confounding by
contraindication in a nationwide cohort study of risk for death in patients
taking ibopamine. Ann Intern Med. 2001;134(7):569-72.

Skoglund C, Chen Q, D'Onofrio BM, Lichtenstein P, Larsson H. Familial
confounding of the association between maternal smoking during pregnancy
and ADHD in offspring. J Child Psychol Psychiatry. 2014;55(1):61-8.

Atkinson M, Hollis C. NICE guideline: attention deficit hyperactivity disorder.
Arch Dis Child Educ Pract Ed. 2010,95(1):24-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1038/nrdp201520

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data sources and study population
	Treatment status by ADHD medication
	Outcome events
	Covariates
	Statistical analyses
	Ethics

	Results
	Between-individual comparisons
	Within-individual comparisons
	Sensitivity analyses

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

