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Abstract

Background: Maternal acetaminophen use during pregnancy is associated with

increased risk of ADHD in the child. This could reflect causal influence of acetamin-

ophen on fetal neurodevelopment or could be due to confounding factors. The aim of

the current study was to examine unmeasured familial confounding factors of this

association.

Methods: We used data from 26,613 children from 12,902 families participating in

the prospective Norwegian Mother, Father, and Child Cohort Study (MoBa). The

MoBa was linked to the Norwegian Medical Birth Register and the Norwegian Pa-

tient Registry. Siblings discordant for prenatal acetaminophen exposure were

compared regarding risk of having an ADHD diagnosis.

Results: Children exposed to acetaminophen up to 28 days during pregnancy did not

have increased risk of receiving an ADHD diagnosis compared to unexposed chil-

dren. The adjusted Hazard ratio (aHR) was 0.87 (95% C.I. = 0.70‐1.08) for exposure
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1 to 7 days, and 1.13 (95% C.I. = 0.82–1.49) for 8–28 days. Long‐term exposure

(29 days or more) was associated with a two‐fold increase in risk of ADHD diagnosis

(aHR = 2.02, 95% C.I = 1.17–3.25). In the sibling control model, the association

between long‐term acetaminophen use and ADHD in the child was aHR = 2.77 (95%

C.I. = 1.48–5.05) at the between‐family level, and aHR = 1.06 (95% C.I. = 0.51–2.05)

at the within‐family level.

Conclusions: Both the exposed and the unexposed children of mothers with long‐
term use of acetaminophen in one of the pregnancies had increased risk of

receiving an ADHD diagnosis. This indicates that the observed association between

long‐term acetaminophen use during pregnancy and ADHD in the child may at least

partly be confounded by unobserved family factors.
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INTRODUCTION

Several studies have shown an association between maternal use of

acetaminophen during pregnancy and neurodevelopmental outcomes

in children, including ADHD diagnosis and symptoms (Avella‐Garcia

et al., 2016; Baker et al., 2020; Brandlistuen et al., 2013; Chen

et al., 2019; Liew et al., 2016; Masarwa et al., 2018; Stergiakouli

et al., 2016; Thompson et al., 2014; Trønnes et al., 2019). Two pre-

vious studies using data from large birth‐cohorts linked to national

health registries have reported that the association between

maternal use of acetaminophen during pregnancy and ADHD diag-

nosis in the child was stronger (magnitude: 2‐fold increase) with

longer duration of use (Liew et al., 2014; Ystrom et al., 2017). In

March 2019, the European Medicines Agency concluded that

epidemiological studies assessing child neurodevelopmental out-

comes after prenatal exposure to acetaminophen were inconclusive

(PRAC recommendations on signals, 2019).

Acetaminophen is commonly used during pregnancy, with

prevalence rates ranging between 40% and 60% (Avella‐Garcia

et al., 2016; Lupattelli et al., 2014). An in‐depth understanding of

its possible effects on the fetus is therefore of great clinical

importance. Biologically plausible mechanisms for effect on fetal

neurodevelopment include oxidative stress and neurotoxicity

(Ghanizadeh, 2012).

An alternative explanation of the association between maternal

use of acetaminophen in pregnancy and child ADHD may be un-

measured confounding factors (Cooper et al., 2014; Masarwa

et al., 2020). ADHD is highly heritable (Faraone & Larsson, 2019), and

genetic risk of ADHD is associated with acetaminophen use during

pregnancy (Leppert et al., 2019). Hence, the observed association

between prenatal exposure to acetaminophen and ADHD in the child

may be confounded by maternal/familial factors increasing the risk of

mothers using acetaminophen during pregnancy and also affecting

the child's neurodevelopment.

Sibling control studies, wherein the risk of ADHD is compared

between two differently exposed siblings, may increase our under-

standing of potential familial confounding of the association between

prenatal acetaminophen exposure and ADHD (Cooper et al., 2014;

Wood et al., 2018). If there is a causal effect, the exposed sibling is

expected to have a higher risk of developing ADHD than the unex-

posed sibling. If the association is mainly explained by familial con-

founding factors, the ADHD risk should be similar for the two

siblings.

This study was undertaken to determine whether the asso-

ciation between ADHD and acetaminophen exposure reflects fa-

milial confounding factors. We employed a sibling control design,

using more recent data from the same pregnancy cohort inves-

tigated in a previous study (Ystrom et al., 2017). The power to

perform sibling control analyses in this cohort has increased in

the last few years because the children have grown older and

more children have been diagnosed with ADHD and recorded in

the Norwegian Patient Registry.

Key points

� Maternal use of acetaminophen in pregnancy has been

associated with increased risk of ADHD in children

� Short‐term acetaminophen use during pregnancy was

not associated with ADHD diagnosis in the child

� Long‐term use was associated with a two‐fold increased

risk of ADHD diagnosis

� The association between long‐term use and ADHD in the

child may be due to unmeasured familial confounding

factors

� Further studies need to consider unmeasured con-

founding factors when examining the associations be-

tween medication use during pregnancy and child

outcomes

� The findings suggest that when pregnant women use

acetaminophen long‐term during pregnancy, the family

may have several risk factors for ADHD
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MATERIALS AND METHODS

Sample

The sample was based on the Norwegian Mother, Father, and Child

Cohort Study (MoBa) (Magnus et al., 2016;Magnus et al., 2006). MoBa

is a population‐based pregnancy cohort study conducted by the Nor-

wegian Institute of Public Health. Pregnant women from all over

Norway were recruited between 1999 and 2008 when they were

invited to their routine ultrasound examination in gestational week 17.

The current study uses information from maternal questionnaires at

gestational weeks 17 and 30, as well as 6 months after birth.

MoBa includes more than 114,000 children (born from 41% of

the invited mothers). Approximately 30,000 of these children are

siblings, and they constitute the sample of the current study. In

accordance with previous studies on prenatal exposures and ADHD,

children from multiple births were excluded (Dreier et al., 2016;

Gustavson et al., 2017). See Figure 1 for a flow‐chart of participation,
and Appendix S1 for analyses of missing data. The current study is

based on version 10 of the quality‐assured MoBa data files released

for research in July 2017.

Ethical considerations

The MoBa cohort was initially licensed by the Norwegian Data pro-

tection agency and approved by The Regional Committees for

Medical and Health Research Ethics, and is now regulated by the

Norwegian Health Registry Act. Participants provided written

consent.

Outcome

Information about ADHD diagnoses came from the Norwegian Pa-

tient Registry (NPR). From 2008, all government‐funded clinics in

Norway have reported diagnoses to the NPR. Use of privately funded

mental health services for children is marginal. Children were

F I GUR E 1 Flow chart
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classified as having ADHD in the current study if they were regis-

tered with Hyperkinetic disorder (F90) according to the 10th revision

of the International Classification of Diseases (World Health Orga-

nization, 1993) between 2008 and 2017.

Exposure

Mothers reported on 77, 32, and 19 different medical conditions in

questionnaires at gestational weeks 17 and 30, and 6 months after

birth, respectively. For each condition, the mothers reported medica-

tion use and the total number of days the medication was taken. All

questionnaires had an open‐ended question about any medications

used for conditions other than the ones listed. Medication use (medi-

cation name) was reported for different time‐windows within each

questionnaire, while number of dayswas reported as a total of all time‐
windows and all medications for an indication in a questionnaire. The

sum of number of days' acetaminophen exposure across all indications

and all questionnaires was calculated for each child.

Medications were classified according to the Anatomic Thera-

peutic Chemical (ATC) Classification System (WHO Collaborating

Center for Drug Statistics Methodology, 2018). Acetaminophen has

ATC code N02BE01. Only 1.6% of the sample was exposed to com-

bination products including acetaminophen in addition to other

active substances. See Appendix S1 for more details.

Covariates

Information about year of birth, parity, child's sex, and maternal age

was obtained from the Medical Birth Registry of Norway. Maternal

educational level, smoking, alcohol use, and symptoms of depression

and anxiety were reported in the MoBa questionnaire in gestational

week 17. Symptoms of anxiety and depression were measured with

the five item‐version of the Hopkin's symptoms checklist (Tambs &

Moum, 1993).

Statistical analyses

Propensity scores were used to adjust for measured covariates,

including indications for acetaminophen use. This is a common

method for reducing bias due to indication for medication use in

pharmacoepidemiological studies (Glynn, 2006). Propensity scores

express the estimated risk of using/being exposed to the medica-

tion in question, as predicted by observed risk factors, such as

medical conditions, age, or other relevant variables. The use of

propensity scores substantially reduces the number of covariates

in the regression model when there are many potential

confounders.

The medical conditions were classified into five different

indication groups: pain conditions, fever/infections, chronic auto-

immune or inflammatory conditions, unspecified conditions, and

other conditions. Predicted risk (i.e., propensity) of being exposed

to acetaminophen for different numbers of days (i.e., unexposed,

exposed 1–7 days, 8–28 days, and 29 days or more) was calcu-

lated with the Stata “predict” option, based on the following

predictors: Type and numbers of indication groups for acetamin-

ophen use, child's birth year, maternal age, alcohol use during

pregnancy, smoking during pregnancy, symptoms of anxiety and

depression, use of acetaminophen before and after pregnancy,

number of co‐medications used during pregnancy, and child's sex.

Maternal education and parity were not included as predictors of

propensity scores, as these variables were not considered appro-

priate covariates in the sibling control model. Maternal education

is highly correlated within mothers, and parity and maternal age

are highly correlated.

Associations between acetaminophen exposure and
ADHD

Cox proportional Hazard regression models were run with age at first

registration of ADHD as outcome. Time at risk was defined to start

with the establishment of NPR in 2008 or at age 36 months,

whichever came last. The main exposure variable was number of days

exposed to maternal acetaminophen use, divided into four categories

(no use, use for 1–7 days, 8–28 days, and 29 days or more), with “no

use” as reference. Observations were censored if they had not

received an ADHD diagnosis by December 2017, when the last data

from the NPR were retrieved.

First, a crude Cox regression analysis was run. Second, a Cox

regression analysis was adjusted for propensity scores as well as

maternal education and parity. Third, an analysis was adjusted for

propensity scores and for the effects of unmeasured confounding

factors shared by siblings by adding the mean of acetaminophen

exposure for all siblings in a family (Begg & Parides, 2003). Dummy

variables for all the exposure lengths (1–7 days, 8–28 days, and

29 days or more) were computed. The mean exposure of all siblings in

a family was then calculated for each dummy.

Confidence intervals in all analyses were computed by boot-

strapping (1,000 replications), to avoid assumptions of normal sam-

pling distributions.

Sibling control analyses are prone to several sources of bias,

such as lack of independence between exposure/outcome in the

siblings (i.e., carryover effects), bias due to non‐shared confounding

factors, and bias due to measurement error (Frisell et al., 2012;

Sjolander et al., 2016). Sensitivity analyses were performed to

examine these potential sources of bias. First, carryover effects

were examined with a negative binominal regression analysis

where number of days' exposure to acetaminophen (continuous

measure) in the youngest sibling was regressed on the ADHD

status of the oldest sibling, controlled for acetaminophen exposure

of the oldest sibling, as suggested by Sjölander et al. (2016).

Second, sensitivity analyses were performed to examine similarity

between siblings regarding confounding factors. Third, as mea-

surement error may lead to stronger attenuation of association

estimates in sibling control models than in models without sibling

control, sensitivity analyses were performed to examine potential

effects of measurement error on the current results. This was

done with the R script for simulating effects of measurement error

in sibling control studies provided in Frisell et al. (2012) and

adapting the script to the parameters in the current study. As

described above, number of days' medication use from gestational
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week 30 until 6 months after birth was reported as a total of the

last part of pregnancy and the months after birth if the mother

had reported acetaminophen use for the same indication in both of

these periods. Potential effects of measurement error due to this

fact were examined in sensitivity analyses excluding acetamino-

phen use for indications reported both in the last part of preg-

nancy and in the months after birth. Potential effects of

measurement error due to the fact that number of days' exposure

was calculated as a total of all medications used for an indication

were examined in sensitivity analyses excluding children exposed

to other medications in addition to acetaminophen. More details

on all of these sensitivity analyses are provided in Appendix S1.

All analyses were run in Stata version 15 (StataCorp, 2015),

except the simulation analyses, which were run in RStudio version 1.4

(RStudio Team, 2020).

RESULTS

Descriptive statistics of the sample by child's exposure to acet-

aminophen are shown in Table 1. A total of 748 children (2.8%)

received an ADHD diagnosis in the NPR. Figure 2 shows the esti-

mated cumulative risk of ADHD by age.

Women used acetaminophen for 75 of the 128 possible in-

dications. Acetaminophen use for 29 days or more was reported

for 48 of the indications. Pain conditions constituted 82% of the

conditions for which acetaminophen was used for 29 days or more.

Siblings were discordant on exposure as well as outcome in 306

families. Siblings were discordant on exposure for 29 days or more in

380 families, and 34 of these were also discordant on the outcome.

See Appendix S2 for more details on discordant siblings.

Exposure to acetaminophen for less than 29 days was not

associated with increased risk of receiving an ADHD diagnosis in

the adjusted model (see Table 2). Exposure for 29 days or more

was associated with increased risk, with an adjusted Hazard Ratio

(aHR) = 2.02 (95% bootstrap confidence interval (C.I.) = 1.17–

3.25). After adjusting for the sibling mean (i.e., sibling control an-

alyses) the association was no longer present. All children (both

exposed and unexposed) born to a mother with long‐term use of

acetaminophen in one pregnancy, had increased risk of receiving

an ADHD diagnosis compared to children of mothers who did not

use acetaminophen in any pregnancy (aHR = 2.77, 95% bootstrap

C.I. = 1.48–5.05) (rightmost column in Table 2). The two leftmost

columns in Figure 3 show the unadjusted and adjusted dose‐
response associations between number of days of acetaminophen

exposure and risk of ADHD. The third column shows that the

association between long‐term exposure and ADHD was no longer

present in the sibling control model. The rightmost column shows

the family effect in the sibling control model.

See text in Appendix S2 and Tables S1 and S2 in the Supporting

information for results from the examination of potential bias due to

missing data.

Detailed results from sensitivity analyses regarding potential

bias due to carryover effects, non‐shared confounders and mea-

surement error are presented in the Supporting information (see

text in Appendix S2 as well as Tables S4 and S5 and Figures S1

and S2). In short, the results did not indicate carryover effects

from ADHD in the oldest sibling to the number of days the

second sibling was exposed to acetaminophen during pregnancy.

Results also showed that several of the potential confounding

factors were more highly correlated between siblings than were

the exposure variable (i.e., being exposed to acetaminophen for

29 days or more). The results indicated some bias due to mea-

surement error, but not enough to support the notion that mea-

surement error was the main reason for the attenuated

association estimate between long‐term acetaminophen use and

ADHD in the child in the sibling control model compared to the

model without sibling control.

See Table S3 in Supporting information for distribution of pro-

pensity scores in the four exposure groups.

DISCUSSION

Children prenatally exposed to acetaminophen for 28 days or less,

did not have increased risk of receiving an ADHD diagnosis,

compared to unexposed children. Long‐term exposure (29 days or

more) was associated with a two‐fold increase in risk. A substantial

family effect in the sibling control model suggested that unmeasured

familial confounding factors may explain at least part of the observed

association between maternal long‐term acetaminophen use and

ADHD in the child.

As discussed in the introduction, previous studies have shown

an association between maternal use of acetaminophen during

pregnancy and ADHD diagnosis and symptoms in children. The

current results showed no evidence of increased risk of ADHD in

the offspring after exposure for 28 days or less, in agreement with

previous findings from the entire MoBa cohort (Ystrom

et al., 2017). An association between maternal long‐term use and

ADHD in the child was observed in the entire MoBa cohort

(Ystrom et al., 2017) and was also present in the current study's

sub‐sample of siblings. Results from the sibling control model

showed that children of mothers with long‐term use in any preg-

nancy had increased risk of receiving an ADHD diagnosis. This

family effect suggests that maternal long‐term use of acetamino-

phen during pregnancy may be a marker of increased familial risk

for ADHD, in accordance with previous findings that mothers'

genetic risk for ADHD was related to acetaminophen use during

pregnancy (Leppert et al., 2019).

The association estimate for long‐term use in the sibling control

modelwas close to1 (i.e., no association) after controlling for the family

effect discussedabove.However, only discordant siblings contribute to

detecting associations in sibling controlmodels; thus, reduced power is

reflected in wide confidence intervals. Our study is based on a large

birth cohort andwe are not aware of any other data that could be used

to perform a more powered sibling control study of prenatal acet-

aminophen exposure and ADHD. Nevertheless, the finding of similar

risk for ADHD in siblings discordant for long‐term maternal acet-

aminophen use must be interpreted with caution and needs to be

replicated in other studies.

Previous studies have addressed the problem of unmeasured

confounding factors. In one study, the association between maternal

regular use of acetaminophen during pregnancy and maternally re-

ported ADHD diagnosis in the child was compared to associations

GUSTAVSON ET AL. - 5 of 10



TAB L E 1 Child and parental characteristics by prenatal exposure to acetaminophen

Unexposed N = 15,165
N (%) Median (range)

Exposed 1–7 days

N = 7,988 N (%) Median
(range)

Exposed 8–28 days

N = 2,897 N (%) Median
(range)

Exposed 29 days or more
N = 563 N (%) Median (range)

Maternal age

<25 years 1,411 (9.3%) 776 (9.7%) 237 (8.2%) 37 (6.6%)

25–34 years 11,569 (76.3%) 6,178 (77.3%) 2,223 (76.7%) 438 (77.8%)

>34 years 2,185 (14.4%) 1,034 (12.9%) 437 (15.1%) 88 (15.6%)

Missing information 00 (0%) 00 (0%) 00 (0%) 00 (0%)

Maternal education

Less than high‐school 659 (4.4%) 340 (4.3%) 128 (4.4%) 29 (5.2%)

High‐school 3,193 (21.1%) 1,758 (22.0%) 661 (22.8%) 122 (21.7%)

University/college 10,464 (69.0%) 5,498 (68.8%) 1,977 (68.2%) 387 (68.7%)

Missing information 849 (5.6%) 392 (4.9%) 131 (4.5%) 25 (4.4%)

Maternal smoking during pregnancy

Yes 683 (5.6%) 450 (5.6%) 155 (5.4%) 48 (8.5%)

No 13,959 (92.1%) 7,356 (92.1%) 2,695 (93.0%) 503 (89.3%)

Missing information 182 (2.3%) 182 (2.3%) 47 (1.6%) 12 (2.1%)

Maternal alcohol use during pregnancy

Yes 1,387 (9.2%) 856 (10.7%) 334 (11.5%) 73 (13.0%)

No 11,430 (75.4%) 6,049 (75.7%) 2,208 (76.2%) 423 (75.1%)

Missing information 2,348 (15.5%) 1,083 (13.6%) 355 (12.3%) 67 (11.9%)

Maternal symptoms of

depression and anxiety

(scale 1–4) 1.19 (0.33) 1.21 (0.34) 1.25 (0.39) 1.31 (0.45)

Missing information 2.7% 2.1% 1.8% 1.8%

Parity

Primiparous 6,087 (40.1%) 2,876 (36.0%) 808 (27.9%) 120 (21.3%)

Parous 9,044 (59.6%) 5,097 (63.8) 2,087 (72.0%) 443 (78.7%)

Missing information 34 (0.2%) 15 (0.2%) 2 (0.1%) 00 (0%)

Child's birth year 2005 (1999–2009) 2005 (1999–2009) 2006 (1999–2009) 2006 (2000–2009)

Missing information 00 (0.0%) 00 (0.0%) 00 (0.0%) 00 (0.0%)

Child's sex

Boy 7,906 (52.1%) 4,066 (50.9%) 1,447 (50.0%) 278 (49.4%)

Girl 7,214 (47.6%) 3,899 (48.8%) 1,448 (50.0%) 285 (50.6%)

Missing information 45 (0.3%) 23 (0.3%) 2 (0.1%) 00 (0%)

Number of indications with

pre‐pregnancy use

00 (0–2) 00 (0–3) 00 (0–3) 1 (0–3)

% yes 9.0% 31.7% 45.8% 55.6%

Number of indications with

post‐pregnancy use 0–3

00 (0–0) 00 (0–2) 00 (0–3) 00 (0–4)

% yes 0% 1.7% 14.6% 43.0%

Number of indications with

post‐pregnancy use 4–6

00 (0–0) 00 (0–2) 00 (0–2) 00 (0–3)

% yes 0% 1.4% 13.7% 38.4%

Number of co‐mediations 00 (0–3) 00 (0–7) 00 (0–6)

% yes 8.5% 23.3% 42.8%

ADHD diagnosis 390 (2.6%) 225 (2.8%) 104 (3.6%) 29 (5.2)
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with maternal regular acetaminophen use 4 years before and 4 years

after pregnancy (Liew et al., 2019). Only regular use during preg-

nancy was associated with ADHD, suggesting that the association

could not be explained by stable confounding factors (Liew

et al., 2019). Another study found that whereas maternal acetamin-

ophen use in pregnancy increased the risk of hyperactivity symptoms

in 7 year old children, paternal use during pregnancy and maternal

use when the child was 5 years old did not, also suggesting that the

association was not due to stable confounding factors (Stergiakouli

et al., 2016). There are several potential reasons for different con-

clusions from different studies regarding unmeasured confounding.

First, the current study focused on short‐term versus long‐term use

and found that the association with long‐term use was substantially

reduced in the sibling control model. Long‐term use of acetamino-

phen may be more strongly related to unmeasured confounding

factors than short‐term use. Another reason may be that the current

study used diagnoses of Hyperkinetic disorder according to the ICD‐
10, with narrower inclusion criteria than the ADHD diagnosis ac-

cording to DSM. Hence, the ADHD cases in the current study may be

restricted to the most severe cases. A third explanation may be that

while the previous studies used maternal report of diagnoses/

symptoms, we used diagnoses from a national health register. Hence,

our results were not affected by attrition from baseline to the time of

ADHD assessment.

A previous study using the MoBa cohort found an association

between maternal acetaminophen use during pregnancy and

mother‐reported symptoms of externalizing symptoms when the

children were three years old (Brandlistuen et al., 2013). Different

results in the current study may be due to the use of ADHD di-

agnoses rather than maternal report of symptoms, or that children

in the previous study were only three years old. Causal effects of

prenatal exposure to acetaminophen may be present in very young

children and then wane as the children grow older.

There are limitations that may reduce generalizability of findings.

First, the response rate in MoBa was about 41% (Magnus

et al., 2016), with under‐representation amongst young women,

smokers, and women with a low educational level (Biele et al., 2019;

Magnus et al., 2016; Nilsen et al., 2009). However, children with

ADHD in MoBa are similar to children with ADHD in the entire

Norwegian population regarding child global functioning and psy-

chosocial adversity, suggesting reasonable generalizability (Oerbeck

et al., 2017). Data simulation studies suggest that estimates of as-

sociations between risk factors and health outcomes are relatively

robust against under‐representation of some groups in the sample

(Gustavson et al., 2019). Second, as acetaminophen is an over‐the‐
counter medication, we had to rely on self‐reported use of acet-

aminophen. Random measurement errors will generally attenuate

association estimates, possibly leading to underestimation of asso-

ciations. However, our finding of a more than two‐fold increased risk

of ADHD among children of women who had used acetaminophen

long‐term in at least one pregnancy is very similar to the association

between acetaminophen use and ADHD in the child reported in a

recent study that measured acetaminophen in meconium (Baker

et al., 2020), suggesting that maternal report captures acetamino-

phen use with sufficient reliability to detect associations with child

ADHD. Measurement error may attenuate association estimates

TAB L E 2 Cox regression results of offspring ADHD diagnosis by acetaminophen exposure during pregnancy

Time at risk in years

Number of
children

Model 1

Unadjusted

Model 2

Adjusteda

Model 3 Adjusted and
controlled for family

effectb
Family effect from

Model 3

(Incidence rate per
100 person years) HR 95% C.I. aHR 95% C.I. aHR 95% C.I. aHR 95% C.I.

No acetaminophen use 104,804 (0.31) 12,080 Reference Reference Reference Reference

Acetaminophen

1–7 days

55,726 (0.32) 6,490 1.07 0.87 0.75 0.94

0.90–1.31 0.70–1.08 0.56–1.03 0.72–1.25

Acetaminophen

8–28 days

20,229 (0.43) 2,409 1.44 1.13 0.93 1.17

1.14–1.86 0.82–1.49 0.59–1.46 0.79–1.68

Acetaminophen 29 days

or more

3,855 (0.73) 469 2.47 2.02 1.06 2.77

1.60–3.67 1.17–3.25 0.51–2.05 1.48–5.05

Abbreviations: HR, Hazard Ratio; C.I., bias corrected bootstrap 95% confidence interval (1,000 replications).

The rightmost column shows the family effect in the sibling control model.
aAdjusted for propensity scores and maternal education and parity.
bAdjusted for propensity scores.

F I GUR E 2 Cumulative risk of having received an ADHD
diagnosis by child age
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more in sibling control models than in analyses without sibling con-

trol, as discussed above. This may lead to false conclusions that

observed associations are due to familial confounding factors (Frisell

et al., 2012). Results from several sensitivity analyses did not indicate

that the attenuation of the association between long‐term acet-

aminophen exposure and ADHD in the sibling control model was

mainly due to measurement error. Third, the sibling comparison

model adjusts not only for stable confounding factors, but also for

potential mediating factors that affect all siblings even if only one is

exposed (Sjolander & Zetterqvist, 2017). This may lead to under‐
estimation of association estimates. Fourth, missing information for

some children about number of days exposed, and about covariates,

may have biased results. Sensitivity analyses indicated that this bias

was weak, possibly in the direction of over‐estimating the associa-

tions. Fifth, sibling control models do not control for confounders

that are not shared between siblings. This may in some instances

introduce bias (Frisell et al., 2012; Saunders et al., 2019). Sensitivity

analyses indicated high degree of similarity between siblings

regarding several potential confounders, thus supporting the use of

sibling control models (Frisell et al., 2012). However, we cannot rule

out that non‐shared confounding factors have introduced bias in the

study. If such confounding factors were positively associated with the

exposure and the outcome, associations may have been over‐
estimated in the sibling control model. Sixth, results may be biased

if the exposure/outcome for one sibling is dependent on the expo-

sure/outcome of the other sibling. It is not possible to examine fully

the degree to which this may be the case in a given sample. However,

as described above, a sensitivity analysis of potential carryover ef-

fects from one sibling's ADHD status to the other sibling's exposure

to acetaminophen did not suggest presence of such carryover effects.

Seventh, having a child with ADHD may affect the decision and

timing of having more children, which may have biased the current

results. Eighth, the oldest children were about 8 years old when the

NPR started recording individual identifiable diagnoses. Some of

these children may have received an ADHD diagnosis before that. If

they had not been in contact with specialist health care again be-

tween 2008 and 2017, they may appear as false negatives in the

current study.

CONCLUSION

Maternal short‐term use of acetaminophen during pregnancy was

not associated with an increased risk of child ADHD diagnosis.

Long‐term use was associated with a two‐fold increase in risk.

Results from the sibling control analysis suggest that this associ-

ation may at least partly be due to familial confounding. The re-

sults also highlight the importance of using designs that allow

accounting for unmeasured confounding factors when examining

prenatal risk factors for neurodevelopmental disorders. As only

discordant siblings contribute to information in sibling control

models, even the current very large birth cohort provided limited

statistical power. Hence, the results need to be replicated in other

studies.
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