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Abstract

Purpose: There is an increasing number of children with in utero exposure to opioids.

Knowledge about opioid safety in pregnancy, particularly for outcomes later in child-

hood is scarce. It has been suggested that opioids can modulate immune system and

increase the risk of infections. Our goal was to study the impact of in utero opioid

exposure on the immune system and the risk of infections in childhood.

Methods: This population-based cohort study used nationwide registers from Den-

mark, Norway, and Sweden. Among pregnant women we identified users of opioids

for two different indications, opioids used in opioid maintenance therapy (OMT) and

opioids used for treatment of pain. We followed the exposed children and studied

susceptibility for infections measured as number of antibiotic prescriptions expressed

as Incidence rate ratios (IRRs) and diagnoses in specialist health care expressed as

hazard ratios (HRs).

Results: After adjustment we did not observe increased risk for filling antibiotic pre-

scriptions in children exposed to OMT opioids compared with OMT discontinuers

(IRR, 1.08; 95% CI 0.81-1.44 in Norway and Sweden, and IRR, 0.74; 95% CI

0.63-0.88 in Denmark), or for diagnosis of infection in specialist health care (HR 0.83;

95% CI 0.55-1.26 in Norway and Sweden, and 0.82; 95% CI 0.62-1.10 in Denmark).

Conclusions: In this population-based cohort study, we did not observe increased risk

of infections among children prenatally exposed to OMT opioids when compared to

OMT discontinuers, nor long-term analgesic opioids exposed when compared to

short-term analgesic opioids exposed.
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1 | INTRODUCTION

Opioids are primarily used for treatment of pain. In addition, certain opi-

oids (methadone mixture and high-dose buprenorphine) are used in

treatment of opioid use disorder (OUD) as a part of opioid maintenance

therapy (OMT). Several countries have reported dramatic increases in

the use of prescription opioids in recent years, a trend that also affected

women of child-bearing age.1-4 Knowledge on the safety of in utero
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opioid exposure is incomplete, and studies are needed to understand

the effect of opioids on the health of the unborn child.

Opioids cross the placenta and bind to opioid receptors that are

present in multiple organs in the developing fetus; as a result, prenatal

opioid exposure may have both short- and long-term consequences

for the child's health.5 Children prenatally exposed to opioids are at

risk of developing neonatal abstinence syndrome (NAS) at birth,

depending on the dose and timing of exposure, and presence of addi-

tional risk factors 6,7. In addition to NAS, children prenatally exposed

to buprenorphine and methadone as part of OMT are at higher risk of

being born preterm, have lower birth-weight, and smaller head cir-

cumference than unexposed children.8-10 Little is known about the

consequences of in utero exposure to any opioids beyond the neona-

tal period. Although some studies have examined neurodevelopmental

outcomes,11-13 somatic illnesses, including immune function, have so

far received little attention.

Opioid-induced modulation of the immune system has been dis-

cussed for decades.14-17 in vitro experiments and animal models

showed that specific opioids affect immune function differently

depending on their molecular structure, dosage, and duration of expo-

sure.14-17 Some epidemiological studies have found an association

between opioid use and increased risk of infections in nonpregnant

patient with existing diagnoses of rheumatoid arthritis and surgically

treated cancer.18-21

The development and maturation of the immune system begins in

early fetal life and continues through infancy and early childhood.22-24

It is plausible, given their immunomodulatory function, that opioids

can alter generation, function, and maturation of the immune cells in

the developing fetus. Alterations in neonatal immune system is associ-

ated with increased risk for infections and certain chronic diseases,

such as asthma and allergy24,25. Still, information about the effect of

opioids on the developing immune system is scarce. There are only

few descriptive studies that have reported increased risk of hospitali-

zation for infections among children born with NAS, and increased

risk of infections among children prenatally exposed to methadone

and buprenorphine when compared to the general population 26,27.

The aim of this study was to examine the association between pre-

natal exposure to opioids and risk of infections in childhood. As con-

founding by indication may be a key concern, we investigated the

association within two distinct populations of pregnant women with two

different indications: First, in a cohort of women with a history of OMT

exposure, we compared OMT exposed with OMT discontinuers precon-

ception. Second, in a cohort of women with analgesic opioid use during

pregnancy, we compared long-term users with short-term users. We

followed the corresponding cohorts of live born infants into childhood.

2 | METHODS

2.1 | Data source and study population

This study used data from national health registers in Norway, Sweden,

and Denmark. Reporting to the health registers is mandatory in all three

countries and regulated by national laws. Inhabitants are registered in

national health registers with unique Civil Personal Registration number

(CPR), which makes it possible to link the information from registers for

every individual.28 For the purpose of this study, health registers in

each of the countries were linked: the medical birth register, the pre-

scription register, the patient register and the cause of death register.

Further information on the registers is provided in Appendix S1.

Denmark had legal restrictions on data sharing between partner

countries. Therefore, we analyzed data separately for (a) women and

their infants born in Norway from January 2005 to December 2015

and in Sweden from July 2006 to December 2013, and (b) women and

their infants born in Denmark from January 1997 to December 2015.

2.2 | Definition of exposure and comparison
groups

We defined OMT drugs as methadone oral solution (ATC-code

N07BC02) or high-dose buprenorphine tablets (≥ 2 mg sublingual tab-

lets, ATC-codes N07BC01 or N07BC51) which are almost solely pre-

scribed for the treatment of OUD, and analgesic opioids as drugs with

ATC-code N02A (list of ATC-codes and generic name in Table S1).

We used number of defined daily doses (DDDs) to characterize dura-

tion of exposure to analgesic opioids. To be included in the study, pre-

scription data for each woman should be available for at least

3 months before pregnancy start.

Based on prescription data linked to medical birth registers, we

created four mutually exclusive groups:

1. Pregnant women who filled at least one prescription for OMT

drugs from pregnancy start until delivery—OMT exposed. We

KEY POINTS

• Scandinavian countries have nationwide registers with

high quality data that offers an opportunity to study

exposures during pregnancy and long-term outcomes in

children.

• In this article, data from two countries (Norway and Swe-

den) were pooled prior to analysis to study effects of rare

exposures.

• The association was investigated within two distinct

populations of pregnant women exposed to the same

class of drugs (opioids) but with two different indications.

• The risk for infections in infants was measured as number

of antibiotic prescriptions and diagnosis in specialist

health care after prenatal opioid exposure.

• In utero opioid exposure does not increase risk of infec-

tions in childhood and should not be of concern for preg-

nant women treated with analgesic or OMT opioids.

MAHIC ET AL. 1597



TABLE 1 Baseline characteristics of mothers and newborns stratified by the exposure group. Figures represent number (percentage) unless
stated otherwise

Norway and Sweden Denmark

OMT Analgesic opioidsa OMT Analgesic opioidsb

OMT

exposedc
OMT

discontinuers

Long-term

exposed

Short-term

exposed

OMT

exposedd
OMT

discontinuers

Long-term

exposed

Short-term

exposed

No of pregnant women 522 156 9982 47 251 287 630 1740 9341

Norway 310 (59.4) 83 (53.2) 1831 (18.3) 18 192 (38.5) na na na na

Sweden 212 (40.6) 73 (46.8) 8151 (81.7) 29 059 (61.5) na na na na

Year of birth

1997-2000 na na na na 85 (29.6) 116 (18.4) 185 (10.6) 1570 (16.8)

2001-2004 na na na na 86 (30.0) 172 (27.3) 339 (19.5) 1878 (20.1)

2005-2008 161 (30.8) 28 (18.0) 3256 (32.6) 14 509 (30.7) 51 (17.8) 144 (22.9) 448 (25.7) 2224 (23.8)

2009-2011 182 (34.9) 52 (33.3) 3828 (38.4) 17 834 (37.7) 28 (9.76) 104 (16.5) 366 (21.1) 1614 (17.3)

2012-2015 179 (34.3) 76 (48.7) 2898 (29.0) 14 908 (31.6) 37 (12.9) 94 (14.9) 402 (23.1) 2055 (22.0)

Season of birth

Spring 238 (45.6) 74 (47.4) 5138 (51.5) 24 632 (52.1) 132 (46.0) 322 (51.5) 897 (51.6) 4487 (48.0)

Sex of the child

Boy 261 (50.0) 81 (51.9) 5126 (51.4) 24 293 (51.4) 149 (51.9) 329 (52.2) 884 (50.8) 4829 (51.7)

Maternal age (y)

<35 405 (77.6) 113 (72.4) 6235 (62.5) 31 030 (65.7) 222 (77.4) 453 (71.9) 1216 (69.9) 7328 (78.4)

Primiparous 228 (43.7) 57 (36.5) 3230 (32.4) 18 759 (39.7) 119 (41.5) 251 (39.8) 581 (33.4) 3419 (36.6)

Missing 0 0 0 0 7 (2.44) 15 (2.38) 35 (2.01) 205 (2.19)

Smoking during pregnancy 353 (67.6) 96 (61.5) 2081 (20.9) 6397 (13.5) 198 (69.0) 459 (72.9) 616 (35.4) 2575 (27.6)

Missing 68 (13.0) 19 (12.2) 616 (6.17) 3641 (7.71) 57 (19.9) 53 (8.41) 103 (5.92) 755 (8.08)

Cohabitant/Married 298 (57.09) 88 (56.41) 8596 (86.1) 41 895 (88.7) 40 (13.9) 78 (12.4) 267 (15.3) 1232 (13.2)

Missing 12 (2.30) 5 (3.21) 371 (3.72) 1249 (2.64) 0 0 0 0

Chronic maternal illness

Asthma 63 (12.1) 20 (12.8) 1453 (14.6) 4665 (9.87) 28 (9.76) 41 (6.51) 146 (8.39) 552 (5.91)

Reoccurring urinary tract

infection

57 (10.9) 24 (15.4) 1760 (17.1) 6100 (12.9) na na na na

Hepatitis 30 (5.75) 13 (8.33) 11 (0.11) 33 (0.07) 70 (24.4) 201 (31.9) < 5 36 (0.39)

Concomittant use of drugs

during pregnancy

Total number of

prescriptions, mean

(SD)

11.56 (23.1) 8.03 (11.8) 12.8 (17.1) 4.89 (6.76) 11.7 (16.5) 5.22 (10.4) 10.2 (14.5) 4.63 (6.13)

No. of pharmacological

subgroups, mean (SD)e
3.11 (2.60) 2.67 (2.62) 4.00 (2.96) 2.52 (2.14) 2.84 (2.14) 1.86 (1.85) 3.20 (2.36) 2.32 (1.81)

No. of antibiotic

prescriptions, mean

(SD)f

1.11 (3.71) 0.58 (1.01) 0.92 (1.51) 0.82 (1.28) 0.82 (1.26) 0.77 (1.06) 1.22 (1.76) 1.14 (1.48)

Prescription of

nonopioid analgesics

65 (12.5) 16 (10.3) 4730 (47.4) 12 427 (26.3) 48 (16.7) 58 (9.21) 794 (45.6) 2800 (30.0)

Prescription of

corticosteroids

7 (1.34) 5 (3.21) 545 (5.46) 1049 (2.22) 6 (2.09) 6 (0.95) 65 (3.74) 180 (1.93)

Prescription of drugs for

treatment of COPD

77 (14.8) 14 (8.97) 1517 (15.2) 4192 (8.87) 48 (16.7) 60 (9.52) 184 (10.6) 725 (7.76)

Obstetric characteristics

Cesarean section 124 (23.8) 44 (28.2) 2987 (29.9) 10 090 (21.4) 96 (33.4) 171 (27.1) 660 (37.9) 2632 (28.2)

Neonatal characteristics
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excluded patients who only got methadone tablets and injections,

never methadone mixture or high-dose buprenorphine, since they

are most likely patients with chronic, severe pain.

2. Pregnant women with at least one prescription of OMT drugs

before but not during pregnancy—OMT discontinuers.

3. Pregnant women who were dispensed 30 or more days of supply

for analgesic opioids from pregnancy start until delivery but were

not in OMT during study period—long-term analgesic opioids

exposed.

4. Pregnant women who were dispensed between 1 and 29 days of

supply for analgesic opioids from pregnancy start until delivery but

were never in OMT during study period—short-term analgesic opi-

oids exposed.

Within the OMT cohort, we compared continuers with

discontinuers, and within the analgesic opioid cohort, we compared

long-term with short-term users.

2.3 | Outcomes

The studied outcome was infections in children until maximum

12 years of age and measured as (a) filled antibiotic prescriptions and

(b) infection as primary or secondary diagnoses in specialist health

care. We collected data on filled antibiotic prescriptions, defined as

drugs with ATC—code J01, from prescription registers, and data on

diagnoses in specialist health care from patient registers (list of codes

in Table S2).

2.4 | Confounders and other covariates

We collected information about potential confounders from prescrip-

tion registers, birth registers and patient registers, described in details

in Appendix S1.

2.5 | Statistical analysis

We summarized and described maternal characteristics for each of

the four comparison groups. Crude incidence rates (IRs) of antibiotic

prescriptions for each of these four groups were calculated as number

of antibiotic prescriptions per 1000 person-years (PY) for all time

follow-up, and during the age intervals of 0 to 1 year, 1 to 3 years,

and 3 to 6 years to evaluate potential changes in the IR.

We calculated unadjusted and adjusted incidence rate ratios (IRRs)

using Poisson regression, which assumes that risk stays constant over

time. Participants were censored at emigration (in Norway and Den-

mark), death, or end of study period whichever occurred first. We also

calculated IRR for the age groups of 0 to 1 year, 1 to 3 years, and 3 to

6 years.

The association between exposure and the cumulative risk of

infection diagnosis in specialist health care system was analyzed using

Cox proportional hazard regression, with attained age as the time

scale. Follow-up started at birth and ended at first study outcome, or

at censoring as already described for Poisson regression.

We assessed IRRs and HRs for OMT exposed vs OMT

discontinuers, and long-term vs short-term analgesic opioids exposed.

TABLE 1 (Continued)

Norway and Sweden Denmark

OMT Analgesic opioidsa OMT Analgesic opioidsb

OMT

exposedc
OMT

discontinuers

Long-term

exposed

Short-term

exposed

OMT

exposedd
OMT

discontinuers

Long-term

exposed

Short-term

exposed

Neonatal abstinence

syndrom (NAS)

292 (55.9) 37 (23.7) 92 (0.92) 44 (0.09) 183 (63.8) 100 (15.9) 111 (6.38) 43 (0.46)

Preterm birth 46 (8.81) 17 (10.9) 1102 (11.0) 3816 (8.08) 59 (20.6) 90 (14.3) 260 (14.9) 922 (9.87)

Missing 12 (2.30) 0 30 (0.30) 223 (0.47) 5 (1.74) 15 (2.38) 19 (1.09) 138 (1.48)

Low birth weight 50 (9.58) 16 (10.3) 787 (7.88) 2502 (5.30) 60 (20.9) < 5 180 (10.3) 677 (7.25)

Missing 0 0 20 (0.20) 69 (0.15) 0 < 5 14 (0.80) 115 (1.23)

SGA 34 (6.51) 14 (8.97) 415 (4.16) 1306 (2.76) 39 (13.6) 51 (8.10) 94 (5.40) 413 (4.42)

Missing 12 (2.30) 0 50 (0.5) 180 (0.38) 5 (1.74) 16 (2.54) 25 (1.44) 168 (1.80)

Malformations 33 (6.32) 7 (4.49) 386 (3.87) 1761 (3.73) 31 (10.8) 46 (7.30) 124 (7.13) 597 (6.39)

Abbreviations: COPD, chronic obstructive pulmonary disease; OMT, opioid maintenance therapy; SGA, small for gestational age.
aAmong analgesic opioids exposed, the most frequently prescribed opioid was codeine, accounting for 74% of all opioids dispensed during pregnancy. The

median cumulative dose among short- and long-term users was 135 mg and 900 of oral morphine equivalents, respectively.
bThe most frequently prescribed opioid was tramadol, accounting for 42% of all opioids dispensed during pregnancy.
cOne hundred and sixty-nine were dispensed on average 758 DDDs (18 950 mg) methadone and 349 women received on average 418 DDDs (3344 mg)

buprenorphine during pregnancy. Four women filled prescriptions for both methadone and buprenorphine.
dTwo hundred and fifty-four were dispensed on average 156 DDDs (3900 mg) methadone and 26 women received on average 100 DDDs (800 mg)

buprenorphine during pregnancy. Seven women filled prescriptions for both methadone and buprenorphine.
eATC (Anatomical Therapeutic Chemical) level 3.
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We used propensity scores to address imbalances in baseline

confounder distributions. In logistic regression models, we estimated

the probability of receiving treatment, conditional on a set of con-

founders specifically identified for the OMT models and the analgesic

opioids models. We used standardized probability of treatment

weighting (SPTW) approach based on the propensity score to esti-

mate the average effect of opioids among the exposed, and assessed

balance of baseline characteristics in the weighted population using

the standardized mean difference, with 0.1 as a cut-off for evidence

of imbalance. Details of propensity score model fitting, including the

standardized mean differences before and after applying the SPTW,

are included in Table S3.

Normalized SPT weights were included in adjusted Poisson and

Cox regressions. We used clustered robust variance estimators for

95% confidence intervals to account for clustering among mothers

with multiple pregnancies.

Statistical analyses were conducted using STATA 14 and SAS

9.4 (SAS Institute Inc., Cary, USA).

Range of sensitivity analysis were conducted and described in

Appendix S1.

3 | RESULTS

In total 1 471 406 children born in Norway or in Sweden, and

1 207 989 in Denmark during the observation period were included

in the study. The baseline characteristics of women within each of

the cohorts, OMT cohort (OMT exposed and OMT discontinuers)

and analgesic opioids cohort (long- and short-term exposed), were

balanced, with some exceptions. In general, OMT exposed and long-

term analgesic opioids exposed women seemed to be burdened with

more health problems than women in their comparison groups, as

reflected in the total number of prescriptions filled, and the number

of drugs from distinct therapeutic/pharmacological areas (Table 1).

In Norway and Sweden, the prevalence of hepatitis (5.8%) and

corticosteroid prescriptions (1.3%) was lower among OMT exposed

compared with OMT discontinuing women (8.3% and 3.2%, respec-

tively). However, smoking during pregnancy (67.6%) and the preva-

lence of prescriptions for treatment of COPD (14.8%) was higher

among OMT exposed than OMT discontinuers (61.5% and 8.9%,

respectively).

Smoking during pregnancy was higher among long-term (20.9%)

than among short-term analgesic opioids exposed (13.5%). Also, the

use of nonopioid analgesics, corticosteroids and drugs for treatment

of chronic obstructive pulmonary disease (COPD) was higher among

long-term (47.4%, 5.5%, and 15.2%, respectively) than among short-

term analgesic opioids exposed (26.3%, 2.2%, and 8.9%, respectively).

Similar trends were observed in Denmark, except that smoking

was more prevalent among OMT discontinuers than OMT exposed

(72.9% vs 69.0%).

Information on smoking and marital status was missing for

6-13% and 2-4% of the study population, respectively, and varied

between the countries and the exposure groups. T
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NAS was most frequently diagnosed among infants of OMT

exposed and OMT discontinuers. In Norway and Sweden, NAS preva-

lence in OMT exposed was lower than in Denmark, 55.9% vs 63.8%,

but higher among OMT discontinuers, 23.7% vs 15.9%. Prevalence of

NAS was below 1% in both long- and short-term analgesic opioid

exposed infants in Norway and Sweden. However, in Denmark, 6.4%

of long-term analgesic opioid exposed infants suffered NAS vs 0.5%

of short-term exposed (Table 1).

IRs of antibiotic prescriptions varied with age, and in all four expo-

sure groups, children between 1 and 3 years of age had the highest

rates, and those below age of 1 had the lowest (Table 2). In the com-

bined cohorts from Norway and Sweden, mean follow-up time for

OMT exposed and OMT discontinuers was 5.8 and 4.9 years, and for

long- and short-term analgesic exposed it was 5.6 and 5.7 years.

The adjusted IRR for antibiotic prescriptions at any time during

follow-up in OMT exposed compared with OMT discontinuers was

TABLE 3 Risk for infections according to maternal exposure to opioid maintenance therapy (OMT) versus OMT discontinuers any time during
follow-up, and stratified by age-group presented as both Incidence rate ratio (IRR) for child's number of antibiotic prescriptions and Hazard ratio
(HR) for child's diagnosis of infection in the specialist health care

Norway and Sweden Denmark

Follow-up time n
IRR unadjusted
(95%CI)

IRR PS adjusted
(95%CI) n

IRR unadjusted
(95%CI)

IRR PS adjusted
(95%CI)

Any time OMT discontinuers 135 ref ref 567 ref ref

OMT exposed 451 1.01 (0.78-1.30) 1.08 (0.81–1.44) 226 0.80 (0.69-0.93) 0.74 (0.63-0.88)

0-1 y OMT discontinuers 135 ref ref 567 ref ref

OMT exposed 451 0.93 (0.55-1.60) 0.92 (0.52-1.61) 226 0.88 (0.70-1.10) 0.75 (0.57-0.98)

1–3 y OMT discontinuers 135 ref ref 563 ref ref

OMT exposed 450 1.07 (0.78-1.46) 1.15 (0.80-1.65) 226 0.79 (0.66-0.93) 0.72 (0.59-0.88)

3–6 y OMT discontinuers 104 ref ref 531 ref ref

OMT exposed 385 1.02 (0.68-1.52) 1.10 (0.70-1.71) 208 0.95 (0.76-1.18) 0.82 (0.65-1.05)

HR unadjusted
(95%CI)

HR PS adjusted
(95%CI)

HR unadjusted
(95%CI)

HR PS adjusted
(95%CI)

Any time OMT discontinuers 132 ref ref 567 ref ref

OMT exposed 397 0.88 (0.61-1.27) 0.83 (0.55–1.26) 226 0.86 (0.68-1.10) 0.82 (0.62-1.10)

Abbreviations: CI, confidence interval; PS, propensity scores.

TABLE 4 Risk for infections according to length of maternal exposure to analgesic opioids any time during follow-up and stratified by age-
group presented as both Incidence rate ratio (IRR) for child's number of antibiotic prescriptions and Hazard ratio (HR) for child's diagnosis of
infection in the specialist health care

Norway and Sweden Denmark

Follow-up time n
IRR unadjusted
(95%CI)

IRR PS adjusted
(95%CI) n

IRR unadjusted
(95%CI)

IRR PS adjusted
(95%CI)

Any time Short-term 43 361 ref ref 8486 ref ref

Long-term 9309 1.17 (1.14-1.21) 1.01 (0.97–1.04) 1619 1.09 (1.02-1.15) 1.06 (1.00-1.12)

0-1 y Short-term 43 361 ref ref 8486 ref ref

Long-term 9309 1.22 (1.16-1.28) 0.97 (0.91-1.02) 1619 0.99 (0.91-1.07) 0.98 (0.90-1.07)

1–3 y Short-term 43 210 ref ref 8429 ref ref

Long-term 9274 1.18 (1.14-1.22) 1.02 (0.98-1.06) 1609 1.08 (1.01-1.15) 1.05 (0.98-1.12)

3–6 y Short-term 35 303 ref ref 7612 ref ref

Long-term 7650 1.15 (1.10-1.21) 1.01 (0.96-1.07) 1448 1.09 (1.00-1.09) 1.10 (1.01-1.20)

HR unadjusted
(95%CI)

HR PS adjusted
(95%CI)

HR unadjusted
(95%CI)

HR PS adjusted
(95%CI)

Any time Short-term 39 747 ref ref 8486 ref ref

Long-term 8918 1.19 (1.15-1.24) 0.97 (0.93–1.00) 1619 1.01 (0.93-1.09) 0.98 (0.89-1.09)

Note: Short-term (<30 days of supply), long-term (≥30 days of supply) based on total amount of defined daily doses (DDD) dispensed during pregnancy.

Abbreviations: CI, confidence interval; PS, propensity scores.
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1.08 (95% CI, 0.81-1.44) in Norway and Sweden, and 0.74 (95% CI,

0.63-0.88) in Denmark, and was in the same range for all age groups.

The adjusted HRs for the risk of diagnosis of infection in specialist

health care was 0.83 (95% CI, 0.55-1.26) in Norway and Sweden, and

0.82 (95% CI, 0.62-1.10) in Denmark (Table 3). The Kaplan-Meyer

curve for the combined Norwegian and Swedish cohort is presented

in Figure S1A.

The adjusted IRR for antibiotic prescriptions at any time during

follow-up in long-term users compared with short-term users was

1.01 (0.97-1.04) (95% CI, 0.97-1.04) in Norway and Sweden, and 1.06

(95% CI, 1.00-1.12) in Denmark, and the trend was similar for all age

groups. The adjusted HRs for diagnosis of infection was 0.97 (95% CI,

0.93-1.00) in Norway and Sweden, and 0.82 (95% CI, 0.62-1.10) in

Denmark (Table 4). The Kaplan-Meyer curve for the combined

Norwegian and Swedish cohort is presented in Figure S1B.

Findings from sensitivity analyses conducted to account for miss-

ing data, residual confounding, exposure misclassification, alternative

outcome definitions, differences in follow-up time, and type of OMT

were not substantially different from the main analyses (Table S4).

4 | DISCUSSION

In this population-based cohort study, we did not observe increased

risk of infections among children prenatally exposed to OMT opioids

when compared to OMT discontinuers, nor long-term analgesic opi-

oids exposed when compared to short-term analgesic opioids

exposed. These findings were consistent for all age groups, for differ-

ent definitions regarding length of exposure, type of opioid dispensed,

for infections measured as number of dispensed antibiotics, infections

diagnosed in specialist health care, and different data sources.

To our knowledge, this is the first study to address possible long-

term consequences of in utero exposure to opioids on risk of infec-

tions. Existing literature touching this topic consists of two studies;

one reported increased risk for hospitalizations for infections among

children who suffered NAS at birth, and the other reported higher

rates of admissions with a diagnosis related to infection among chil-

dren prenatally exposed to opioid agonist naltrexone.26 In both of

these studies, authors have compared exposed children with a very

different group of unexposed children from the general population,

which is in contrast to our study which compares much more similar

groups of children of OMT exposed and OMT discontinuers.

Overall, our study asks a clinically relevant question by framing

the study as a hypothetical clinical trial: if women on OMT prior to

pregnancy were randomly assigned to continuation during pregnancy

vs discontinuation, what would the effect of OMT opioids be on the

susceptibility to infections in their children? Because OMT exposed

and discontinuers have slightly different baseline characteristics, we

used a weighting approach to reduce imbalance of measured con-

founders. Then, we addressed the same question about the effect of

analgesic opioids on the susceptibility to infections in children of

women who used opioids during pregnancy for a different indication.

More specifically, we compared long-term with short- term analgesic

opioids exposed and used a weighting approach to reduce imbalance

of measured confounders between these two populations. If we had

observed a difference between OMT groups but not between long-

term and short-term analgesic opioid exposure, it is likely that the

effect should be attributed to residual confounding. The consistency

between our two main analyses speaks against a causal link between

opioid exposure and an increased susceptibility to infection.

Strengths of the current study include that it is population-based

using data from nation-wide health registers strengthening generalizabil-

ity. Data were prospectively collected and not subject to recall bias. Since

confounding by indication might be an important source of bias, we have

conducted this study in two populations with different indications and

different confounder distributions. We made efforts to account for

potential confounders within each of the populations, but some residual

confounding by use of illicit drugs in the OMT group, and severity and

type of pain in the opioids analgesic group, still cannot be excluded, but

most plausible such confounding would tend to move estimates away

from the null. Confidence intervals for the risk estimates comparing OMT

exposed/OMT discontinuers were wide due to small sample size.

Three potential sources of nondifferential misclassification of

exposure in this study are missing information on in-hospital opioid

use and nonmedical use of opioids (false negatives), and non-

adherence to prescriptions (false-positives). OMT mothers regularly

take their maintenance opioids under observation, so nonadherence

in the OMT group is less likely; however information on drug treat-

ment during hospitalization, including discontinuation or changes to

OMT regimen, is not available in our data. Missing information on in-

patient drug use and drug use in outpatient specialist care clinics

could potentially lead to misclassification of OMT exposed as OMT

discontinuers and bias our risk toward the null. Prevalence of NAS

among children of OMT discontinuers was above 20%, so mothers in

this group have probably used either OMT or illicit opioids. However,

risk estimates did not change when we excluded children with NAS

from OMT discontinuers.

Previous studies on birth outcomes following in-utero exposure

to prescription drugs have successfully pooled the data from Nordic

countries for the purpose of analysis of rare outcomes.29-32 Although

the health care systems in the Nordic countries have many similarities,

there are some differences in treatment guidelines, type of data being

recorded in the registers, coding systems and validity. Therefore, one

cannot rule out the possibility that the exposure and the outcomes

are more accurately captured and/or recorded in one country than in

the others. If the degree of misclassification of OMT discontinuers is

lower in Norway and Sweden than in Denmark, this could be part of

an explanation of the differences in effect estimates between the

Norwegian/Swedish cohort and the Danish cohort. Specifically, Dan-

ish estimates suggest a possible protective effect of OMT continua-

tion in pregnancy vs discontinuation before pregnancy when we were

looking at the filled antibiotic prescriptions as an outcome. We do not

see similar effect for diagnosed infections as an outcome, and possible

explanation is that OMT discontinuers in Denmark continue to use

illicit drugs (including opioids) and seek medical care only when chil-

dren get severe symptoms.
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Regarding duration and intensity of exposure, we observed no

difference in risk when we compared chronic with acute analgesic opi-

oids use. Furthermore, most of the OMT exposed children were

exposed to high doses, throughout gestation, so that lack of associa-

tion between exposure and the risk of infections can hardly be

explained by insufficient intensity of exposure.

Our study does not support the hypothesis that in utero opioid

exposure adversely affects the development of the immune system of

the unborn child, not even in high doses and throughout the preg-

nancy. Hence, increased risk for infections in exposed children should

not be of concern for pregnant women treated with analgesic or OMT

opioids. However, given the increasing number of children with in

utero exposure to opioids, and the small and inconsistent body of lit-

erature on opioid safety in pregnancy, particularly for outcomes later

in childhood, this area warrants an urgent need for research.
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