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Abstract
Adult health is influenced by factors during fetal life affecting organ development and birth weight. We aimed to study such 
factors in relation to adult respiratory disease (ARD) risk. The Helsingborg Birth Cohort, Sweden, contributed baseline data 
collected by medical staff through clinical examination and questionnaires on maternal and birth characteristics 1964–1967. 
Register linkages were performed with completions of data on ARD by ICD 8–10 classifications (1969–2016), and/or ARD-
related drug usage (2005–2016) enabling a 50-year follow-up time. Cox proportional hazard regression analyses were made 
to adjust for potential confounders, adjusted hazard ratio (aHR). A total of 3675 mothers and their offspring were included. 
Female offspring showed higher frequency of ARD than males, aHR 1.5 (95% CI 1.3–1.8). Maternal use of sedatives during 
second trimester, aHR 2.2 (95% CI 1.4–3.4), and maternal smoking during most of pregnancy, aHR 1.2 (95% CI 1.0–1.4), 
were associated with offspring ARD. Stratified by sex, large-for-gestational-age, aHR 1.4 (95% CI 1.0–1.9), was significantly 
associated with ARD in female offspring along with maternal sedative use during second trimester and maternal smoking 
during most of pregnancy. Maternal sedative use during second trimester or all trimesters were the only significant risk factors 
for male offspring. In conclusion, maternal sedative use in second trimester was independently associated with subsequent 
respiratory disease in adult offspring irrespective of sex.
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Introduction

Asthma and chronic obstructive pulmonary diseases 
(COPD) are among the leading causes of global mortality 
and morbidity, representing a heavy economic burden [1, 
2]. Although largely considered smoking-related diseases, 
increasing evidence supports that adult respiratory health is 

at least partly affected by prenatal growth patterns and the 
intrauterine environment.

The fetal origins hypothesis, according to Barker et al. 
[3, 4], suggested that low birth weight for gestational age is 
associated with adult diseases such as ischemic heart disease 
and high blood pressure [5] due to the mal-development of 
organ anatomy and function predisposing for disease. Sev-
eral studies have shown similar associations between low 
birth weight and adult COPD [6–9], impaired lung function 
[10–12], and asthma [9, 12, 13]. Less studies have, however, 
reported the effects of preterm birth or intrauterine growth 
retardation (IUGR) on the development of adult respiratory 
disease (ARD) in general [14].

According to the developmental plasticity hypothesis 
presented by Gluckman and Hanson the developing fetus 
can be subjected to both adaptive and non-adaptive/disrup-
tive responses from changes in the intrauterine environment 
[15]. Adaptive responses include, for example, reduced 
fetal growth or low birth weight in adaption to a predicted 
scarce postnatal environment, which implied an evolution-
ary benefit in the case of a match with predicted postnatal 
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environment, but in the case of a mismatch an increased risk 
of disease. Importantly these predictive adaptive responses 
occur not only in low birth weight children, but across the 
entire birth weight range. In the case of disruptive responses, 
these respond to a toxic or severe insult interfering with the 
embryonic development causing dysfunction of the fetus and 
new-born child. Examples are teratogenic drugs, maternal 
cigarette smoking, hypoxia, and pre-eclampsia causing 
IUGR, but also maternal obesity or over-nutrition resulting 
in large-for-gestational-age (LGA) births (macrosomia) [15].

IUGR is currently diagnosed by ultrasound and thus hard 
to reproduce in historical cohorts. By adjusting birth weight 
for gestational age it is however possible to investigate long-
term health consequences of infants born small-for-gesta-
tional-age (SGA).

The aim of this explorative, cohort follow-up study of 
more than 4000 children was to expand the knowledge of 
how alterations in the intrauterine environment, also linked 
to growth retardation, affect risk of ARD.

Our working hypothesis is that maternal smoking and 
subsequent IUGR/SGA along with other early life insults 
constitutes risk factors for ARD. We therefore examined if 
an association exists between gestational risk factors/mark-
ers, such as maternal smoking and drug treatment, as well 
as prematurity and SGA of the child, on the one hand, with 
early ARD before age of 50 years on the other hand.

Subjects and methods

Subjects

We used data from a prospective study based on the Helsing-
borg Birth Cohort (HbgBC). The original HbgBC data col-
lection was based on 4982 diagnosed pregnancies (missing, 
n = 5) of which 4091 singleton pregnancies were included in 
the cohort delivered from February 1st 1964 to January 31th 
1967 at the Department of Obstetrics, Helsingborg Hospi-
tal, Sweden [16]. Data was collected by structured ques-
tionnaires completed by practicing gynaecologists, patients, 
midwifes, obstetricians and paediatricians clinically examin-
ing all infants [17].

Thirty-one women were lost in later data analysis 
(1995) for technical reasons, and 170 women lacked medi-
cal records in the archive enabling data from 3890 women 
and children to be used in this study. Women with medical 
records lacking data regarding gestational week of delivery 
or lacking information regarding smoking history were cat-
egorized as missing (n = 90). At linkage with national reg-
isters, nine mothers or children were found to have incorrect 
personal numbers. A total of 116 pregnancies were excluded 
after register linkage; involving women that gave birth to off-
spring which deceased intra-partum or during the neonatal 

period, or women delivering before gestational week 28 + 0 
or later than gestational week 45 + 6 or lacked information 
on gestational week of delivery. Thus, the final study sample 
included 3675 singleton births (Fig. 1). Gestational week of 
delivery was calculated from self-reported date of last men-
strual period obtained from the maternal healthcare records. 
Owing to the inaccessibility of intra-uterine growth curves 
from the period 1964 to 1967, expected birth weight by ges-
tational length and sex was calculated using a modern algo-
rithm elaborated by Marsal et al. [18]. Deviation of actual 
birth weight from expected birth weight was calculated (%) 
and the children from the 10th percentile of lowest birth 
weight deviation within this cohort was defined as SGA.

Register follow‑up

A record linkage analysis was carried out linking the local 
pregnancy register (HbgBC 1964–1967) with data on hospi-
tal-derived diagnoses by use of the National Patient Register 
(since 1969) and the Cause of Death Register (since 1969) 
obtained from the National Board on Health and Welfare, 
Stockholm, until December 31st 2016. Hospital-derived 
diagnoses (for inpatients, and hospital policlinic patients) 
were used according to the International Classification of 
Diseases (ICD 8–10) and were linked for chronic bronchi-
tis (ICD-10: J42.9; ICD-9: 4918, 4919; ICD-8: 466, 491), 
emphysema (ICD-10: J43.0–J43.9; ICD-8,9: 492), acute and 
chronic asthma (ICD-10: J45.0–J.45.9, J46.9; ICD-9: 4930, 
4931, 4939; ICD-8: 490, 493), COPD (ICD-10: J44.0–J44.9; 
ICD-9: 4912, 4918, 496; ICD-8: 5192, 5196, 491, 466) and 
bronchiectasies (ICD-10: J47.9; ICD-9: 494; ICD-8: 518).

Since there is no available national diagnostic register 
from primary care, drug usage according to the Anatomical 
Therapeutic Chemical Classification System (ATC) were 
obtained from the Swedish Drug Register (since 2005) for 
ARD, such as adrenergic inhalations (R03A), other inhala-
tions including steroids (R03B), adrenergic systemic drugs 
(R03C), and other systemic drugs (R03D), considered as 
surrogate markers of respiratory disease.

Statistical methods

All statistical analyses were performed using IBM SPSS 
Statistics (version 25.0, IBM Corp, Armonk, NY, USA). 
Data are displayed as n (%) for categorical variables and as 
mean and standard deviation (SD) for continuous variables. 
Chi-2 analysis and Fischer’s exact test were used to com-
pare group frequencies of categorical variables. Student’s 
t test, Mann–Whitney U-test and one-way ANOVA were 
used to compare means of continuous variables. Level of 
significance was set to P < 0.05, but P < 0.1 was considered 
as trend for inclusion in multivariable regression. If group 
comparisons for tested variables between ARD cases and 
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reference group (non-affected) were significant or showed 
a trend, and if sample size was sufficient, Cox proportional 
hazard regression was used to calculate unadjusted hazard 
ratio (HR) and 95% confidence interval (95% CI). Con-
founders were selected by stepwise forward regression and 
common cause approach for adjusted analysis to determine 
adjusted hazard ratio (aHR) and 95% CI’s for ARD. Tol-
erance was calculated using linear regression to examined 
potential collinearity between independent variables.

ARD cases were defined as offspring that either received 
a diagnosis of respiratory disease (acute bronchitis not 
included) or prescriptions of medical drugs used to treat 
these conditions. Variables tested for associations were: 
maternal age (year), maternal weight (kg), gestational 
week of delivery (weeks), born during winter season (1st 
November–31st January: yes/no), prematurity (yes/no), 
small for gestational age (SGA)/appropriate for gestational 
age (AGA)/large for gestational age (LGA), working/study-
ing during pregnancy (yes/no), birth height (cm), maternal 
use of sedative drug medication during pregnancy (none/yes, 
during part of pregnancy/yes, all pregnancy), primiparity 
(yes/no), placental weight (grams), smoking in pregnancy 

(none/during first trimester/throughout entire pregnancy), 
maternal infection during pregnancy (none/yes, any of 
following: Upper Respiratory tract Infection (URI) with 
fever ≥ 39 °C; Urinary Tract Infection (UTI); URI + UTI; 
or other infection with fever), maternal antibiotic treatment 
during pregnancy (yes/no), maternal other antimicrobial 
treatment during pregnancy (yes/no), and maternal mode of 
delivery (vaginal; vacuum extraction; or caesarean section).

Results

Altogether, 749 (20.4%) offspring individuals either 
received a diagnosis of ARD or a prescription of drugs 
used to treat such conditions. Among these individuals, 
181 (4.9%) received a hospital-derived diagnosis only and 
137 (3.7%) received both a hospital-derived diagnosis and 
drug prescription (since 2005), the rest only a drug pre-
scription. The mean year of first recorded ARD diagnosis 
as available from the registries was 2000 (median year 
2005) and mean age 33.6 (median 39). Unfortunately no 
detailed information for onset of disease was available. 

Fig. 1  Flowchart of the study 
population
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The most common prescribed drug was beta-receptor 
agonist inhalators, and the most common diagnosis was 
asthma (acute and/or chronic), see Supplemental Fig-
ures S1 and S2.

Characteristics of study participants

Characteristics of the study population are shown in Table 1. 
Out of 3675 pregnancies, 1786 female and 1889 male 

Table 1  Maternal and offspring characteristics of the study population from the Helsingborg Birth Cohort (HbgBC), Sweden, with or without 
adult respiratory disease

Means (SD) and proportions (%). P < 0.05 was considered significant
a Case group versus reference group (non-affected)
P < 0.05 was considered significant

No, n = 2926 Yes, n = 749 Pa

Mean (SD) Missing Mean (SD) Missing

Maternal age (years) 26.4 (5.7) 0 26.2 (5.7) 0 0.2
Maternal weight (kg) 57.7 (8.5) 377 57.8 (9.0) 83 0.7
Placental weight (g) 609.1 (118.8) 129 606.7 (123.9) (123.9) 34 0.6
Maternal smoking, n (%) 1 0 0.04
 Non-smoker 1524 (52.1) 362 (48.3)
 Smoking during 1st trimester 128 (4.4) 25 (3.3)
 Smoking during most of pregnancy 1273 (43.5) 362 (48.3)

Maternal infections, n (%) 0 0 0.4
 No infections during pregnancy 2348 (80.2) 611 (81.6)
 Infections during pregnancy infection (URI), > 39 °C 578 (19.8) 138 (18.4)

Maternal use of penicillin, n (%) 2 0 0.4
 No penicillin used during pregnancy 2577 (88.1) 667 (89.1)
 During 1st trimester 64 (2.2) 20 (2.7)
 During 2nd trimester 68 (2.3) 21 (2.8)
 During 3rd trimester 168 (5.7) 34 (4.5)
 During all trimesters 4 (0.1) 0 (0.0)

Maternal use of other antibiotics, n (%) 3 0 0.6
 No other antibiotics used during pregnancy 2533 (86.7) 659 (88.0)
 During 1st trimester 56 (1.9) 13 (1.7)
 During 2nd trimester 74 (2.5) 21 (2.8)
 During 3rd trimester 198 (6.8) 44 (5.9)
 During all trimesters 9 (0.3) 0 (0.0)

Maternal use of sedatives, n (%) 172 44 0.009
 No sedatives used during pregnancy 1521 (52.2) 366 (51.9)
 During 1st trimester 95 (3.4) 18 (2.6)
 During 2nd trimester 37 (1.3) 21 (3.0)
 During 3rd trimester 998 (36.2) 266 (37.7)
 During all trimesters 103 (3.7) 34 (4.8)

Nulliparous, n (%) 1349 (46.1) 0 363 (48.5) 0 0.3
Birth weight categories, n (%) 1 0 0.3
 Small for gestational age (SGA) 284 (9.7) 84 (11.2)
 Appropriate for gestational age (AGA) 2355 (80.5) 584 (78.0)
 Large for gestational age (LGA) 286 (9.8) 81 (10.8)

Prematurity (< 37 weeks), n (%) 146 (5.0) 0 43 (5.7) 0 0.4
Preeclampsia by time of labour, n (%) 124 (4.4) 106 16 (2.2) 31 0.007
Sex, n (%) 0 0 < 0.001
 Women 1346 (46.0) 440 (58.7)
 Men 1580 (54.0) 309 (41.3)

Born during winter (1st Nov–31st Jan), n (%) 661 (22.6) 0 177 (23.6) 0 0.6
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children were born. Offspring affected by ARD were more 
commonly exposed to maternal use of sedative drugs dur-
ing pregnancy while pre-eclampsia, by the time of labour, 
was less common. Significantly more female offspring were 
diagnosed with ARD or prescribed drug treatment than male 
offspring, 24.6% versus 16.4% (P < 0.001).

Variables that were associated with elevated risk of ARD 
in unadjusted analysis were: maternal smoking during most 
of pregnancy (P = 0.02), maternal use of sedative drugs 
during second trimester (P = 0.001), offspring female sex 
(P < 0.001). Increasing offspring birth length was found to 
be protective for offspring ARD (P = 0.01).

Non-response analysis regarding cohort loss to fol-
low-up showed that the mothers in the excluded group 
(n = 1100) were significantly younger (P = 0.004), smoked 
more (P = 0.002), suffered from infections more fre-
quently (P = 0.03) and gave birth to children more often 
born < 2500 g (P = 0.01), SGA or LGA (P < 0.001) and 
more often treated for lung complications during the neo-
natal period (P ≤ 0.001).

Multivariate adjusted analyses

Multivariate adjusted analyses with offspring ARD as 
dependent variable and early life factors as independent 

Table 2  Univariate and adjusted associations between early life risk factors and offspring adult respiratory disease (ARD)

HR hazard ratio, 95% CI 95% confidence interval, aHR adjusted hazard ratio
a Univariate logistic regression
b Model 1 (stepwise forward regression): adjusted HR for: sex, maternal sedative use, and maternal smoking
c Model 2 (common cause approach): adjusted HR for sex, maternal sedative use, maternal smoking, maternal age, and nulliparity
 P < 0.05 was considered significant

HRa (95% CI) P aHRb (95% CI) P aHRc (95% CI) P

Gestational age (weeks) 1.0 (0.99–1.0) 0.9 0.99 (0.95–1.0) 0.6 0.99 (0.95–1.0) 0.6
Birth weight (100 g) 1.0 (0.99–1.0) 0.1 0.99 (0.98–1.0) 0.4 1.0 (0.98–1.0) 0.5
Birth height (cm) 1.0 (0.99–1.0) 0.01 1.0 (1.0–1.0) 0.2 1.0 (1.0–1.0) 0.2
Sex
 Female 1.6 (1.3–1.8) < 0.001 1.5 (1.3–1.8) < 0.001 1.5 (1.3–1.8) < 0.001
 Male Reference Reference Reference

Weight groups
 Small for gestational age (SGA) 1.2 (0.9–1.6) 0.2 1.1 (0.9–1.4) 0.3 1.1 (0.9–1.4) 0.4
 Appropriate for gestational age (AGA) Reference Reference Reference
 Large for gestational age (LGA) 1.1 (0.9–1.4) 0.3 1.2 (0.9–1.5) 0.2 1.2 (0.9–1.5) 0.2

Born during winter (1st Nov - 31st Jan) 1.0 (0.9–1.2) 0.8 1.0 (0.9–1.2) 0.8 1.0 (0.9–1.2) 0.8
Prematurity (< 37 weeks) 1.1 (0.8–1.5) 0.4 1.2 (0.9–1.6) 0.3 1.2 (0.9–1.6) 0.3
Maternal use of sedative drugs
 No sedatives used during pregnancy Reference Reference Reference
 During 1st trimester 0.8 (0.5–1.3) 0.3 0.8 (0.5–1.3) 0.3 0.8 (0.5–1.3) 0.3
 During 2nd trimester 2.2 (1.3–3.3) 0.001 2.2 (1.4–3.4) 0.001 2.2 (1.4–3.4) < 0.001
 During 3rd trimester 1.1 (0.9–1.3) 0.2 1.1 (1.0–1.3) 0.2 1.1 (0.9–1.3) 0.3
 During all trimesters 1.3 (0.9–1.9) 0.1 1.4 (1.0–2.0) 0.1 1.4 (1.0–2.0) 0.08

Maternal infections
 No infections during pregnancy Reference Reference Reference
 Any infection during pregnancy 0.9 (0.8–1.1) 0.6 0.9 (0.8–1.1) 0.5 0.9 (0.8–1.1) 0.6

Maternal smoking
 No Reference Reference Reference
 Smoking during 1st trimester 0.9 (0.6–1.3) 0.5 0.8 (0.5–1.3) 0.4 0.8 (0.5–1.3) 0.4
 Smoking during most of pregnancy 1.2 (1.0–1.4) 0.02 1.2 (1.0–1.4) 0.01 1.2 (1.0–1.4) 0.02

Mode of delivery
 Vaginal Reference Reference Reference
 Sectio 1.1 (0.7–1.9) 0.7 1.3 (0.8–2.2) 0.3 1.3 (0.8–2.2) 0.3
 Vacum extraction 1.1 (0.7–1.6) 0.8 1.0 (0.7–1.6) 0.9 1.0 (0.7–1.6) 0.9
 Other 1.0 (0.5–2.3) 0.9 0.9 (0.4–2.2) 0.9 0.9 (0.4–2.2) 0.8
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variables are shown in Tables 2 (total sample) and 3 (strat-
ified by sex). It was found that maternal smoking during 
most of pregnancy and female sex was significantly associ-
ated with offspring ARD. Sedative drug usage during sec-
ond trimester also remained a significant risk marker for 
offspring ARD, irrespective of sex, and after full adjust-
ment, aHR 2.2 (95% CI 1.4–3.4; P < 0.001).  

Linear regression was used to see if the data met the 
assumption of collinearity and indicated that multicollin-
earity was not a concern (The tolerance values were > 0.9 
for all variables).

When stratified for offspring sex, birth length was no 
longer a significant risk marker, reflecting a lower risk in 
male offspring. However, the LGA phenotype was found 
to be a significant risk marker for ARD among female off-
spring in the adjusted analysis. Maternal sedative use dur-
ing second trimester and maternal smoking during most 
of pregnancy were significantly associated with risk of 
ARD in female offspring. For male offspring only maternal 

sedative use during second trimester and during all trimes-
ters were significant in the adjusted analysis.

Sub analyses of offspring diagnosed with asthma 
(n = 140) concluded maternal sedative use during second 
trimester and female sex as risk factors (Supplemental 
Table S2).

Discussion

This observational, long-term follow-up cohort study with 
detailed exposure data indicates that early life factors 
(maternal and fetal) may influence offspring adult risk of 
respiratory disease. The main novel finding is that mater-
nal use of sedative drugs during pregnancy, especially dur-
ing the second trimester, is independently associated with 
increased risk of offspring ARD. Female sex and maternal 
smoking during most of pregnancy were also associated 
with higher risk,

Table 3  Multiple adjusted 
analysis for risk of ARD, 
stratified by offspring sex

95% CI 95% confidence interval, aHR adjusted hazard ratio
a Adjusted for maternal age, nulliparity, maternal smoking and maternal sedative use
b Adjusted for maternal age, nulliparity, maternal smoking and maternal sedative use
P < 0.05 was considered significant

Women Men

aHRa (95% CI) P aHRb (95% CI) P

Birth height (cm) 1.0 (0.99–1.0) 0.3 1.0 (0.99–1.0) 0.5
Maternal use of sedatives
 No sedatives used during pregnancy Reference Reference
 During 1st trimester 0.8 (0.4–1.5) 0.5 0.7 (0.3–1.6) 0.4
 During 2nd trimester 2.3 (1.3–4.1) 0.01 2.1 (1.1–4.2) 0.03
 During 3rd trimester 1.1 (0.9–1.4) 0.4 1.1 (0.9–1.4) 0.4
 During all trimesters 0.9 (0.5–1.6) 0.7 1.9 (1.2–2.9) 0.01

Maternal infections
 No infections during pregnancy Reference Reference
 Any infection during pregnancy 0.9 (0.7–1.2) 0.4 1.0 (0.7–1.3) 0.9

Maternal smoking
 No Reference Reference
 Smoking during 1st trimester 0.7 (0.4–1.3) 0.4 0.9 (0.5–1.7) 0.8
 Smoking during most of pregnancy 1.3 (1.1–1.6) 0.01 1.1 (0.9–1.4) 0.4

Mode of delivery
 Vaginal Reference Reference
 Vacuum extraction 0.9 (0.5–1.7) 0.7 1.2 (0.7–2.2) 0.5
 Caesarean section 1.8 (1.0–3.4) 0.05 0.7 (0.3–1.9) 0.5
 Other 0.8 (0.3–2.4) 0.7 1.3 (0.3–5.2) 0.7

Birth weight categories
 Small for gestational age (SGA) 1.3 (0.9–1.7) 0.2 1.0 (0.7–1.5) 0.9
 Appropriate for gestational age (AGA) Reference
 Large for gestational age (LGA) 1.4 (1.0–2.0) 0.03 0.9 (0.6–1.4) 0.7
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To the best of our knowledge this is the first study to 
report an association of maternal use of sedative drugs 
(i.e. barbiturates or benzodiazepines) during pregnancy 
and offspring ARD. Previous studies have shown increased 
risk of respiratory events, exacerbations and hospitaliza-
tion in adult COPD and asthma patients using benzodiaz-
epines. This may partly be caused by respiratory suppres-
sion by depressing the central respiratory drive, decreasing 
respiratory muscle strength, increasing sleep-disordered 
breathing such as sleep-apnea and increasing upper airway 
resistance [19–21].

Although we lack data on which specific sedatives were 
used in this cohort there were, in fact, only limited drug 
alternatives available during this time period (1964–1967). 
Between 1920s and end of 1950s mainly barbiturates were 
used as anxiolytic drugs [22], but from the early 1960s these 
drugs were gradually replaced by the first-generation benzo-
diazepines such as chlordiazepoxide [23]. Hence, it is most 
likely that the mothers studied were prescribed either one of 
these two drug classes.

Since the thalidomide disaster in 1961, that stopped the 
prescription of this drug to pregnant women, numerous stud-
ies have investigated the effects of sedatives and other drugs 
as being teratogenic to the developing fetus. Anti-epileptic 
drugs have also shown teratogenic effects such as congenital 
malformations, i.e. phenobarbital at therapeutic dosages [24, 
25]. Similarly, a study of migraine patients prescribed butal-
bital also reported an elevated risk of malformations [26].

According to a systematic review, chlordiazepoxide (and 
other benzodiazepines) have not been associated with any 
increased malformation risk [27]. This was supported by 
Wikner et al. [28] who, in addition, reported an increased 
risk of low birth weight and preterm birth following mater-
nal use of benzodiazepines during pregnancy. Fetal breath-
ing movements, necessary for lung development, have also 
previously been shown to be negatively affected by sedatives 
such as diazepam [29].

Our results indicate that the second trimester is the most 
sensitive time period for adverse influences of maternal sed-
ative use in relation to offspring ARD. This is also the most 
critical period for lung development when cell proliferation 
and differentiation occur most rapidly [29, 30]. Hypotheti-
cally, the effect of sedating drugs upon ARD risk may partly 
be regarded as an adaptive response through their influence 
on lung development, fetal breathing and fetal growth dur-
ing a sensitive time window of plasticity. As previously 
mentioned, other studies have shown association between 
growth retardation, low birth weight, and preterm birth on 
the one hand with risk of asthma and COPD on the other 
hand [6–9, 12]. However, when we adjusted for gestational 
age and birthweight, maternal use of sedative drugs still 
appeared as independently associated with ARD, while the 
SGA phenotype in itself was not (Supplemental Table S1).

Our finding that ARD is more common among female 
than male offspring is a confirmation of earlier studies [9, 
31, 32]. Leynaert et al. [31] reported that asthma was 20% 
more frequent among women than men over 35 years, and 
that female sex is an independent risk marker for both non-
allergic and allergic asthma.

Analysis stratified by sex showed an increased ARD risk 
among female offspring born LGA. Even though most stud-
ies have reported a positive association between low birth 
weight and increased risk of respiratory disease, our finding 
is a confirmation of Sin et al. [33] who demonstrated that 
children born large (> 4500 g) run a higher risk of child-
hood asthma. Consistent with our finding, obesity has been 
shown to be a risk marker for adult asthma among women 
exclusively, thus reflecting that sex differences may exist in 
ARD susceptibility according to body weight [34]. Indeed, 
increasing evidence suggests that the association between 
birth weight and risk of adult morbidity and mortality could 
reflect a U-shaped rather than a linear pattern [35].

In our study, maternal cigarette smoking during most of 
pregnancy predicted ARD. This is supported by previous 
studies [36–39]. The causal relationship between maternal 
smoking and offspring respiratory disease is complex since 
maternal smoking in pregnancy is also associated with medi-
ating phenotypes such as IUGR/SGA [40, 41], preterm birth 
[40–43], low birth weight [40–43], and shorter birth height 
[43], which all in turn have been shown to affect (increase) 
risk of respiratory disease. Balte et al. [44] recently demon-
strated that maternal gestational smoking showed no direct 
association with lung function in children and adolescents 
in a linear mixed model, but that in a linear path analysis 
direct negative associations were found with measures of 
lung function (Forced expiratory volume,  FEV1/Forced vital 
capacity, FVC ratio, and Forced expiratory flow,  FEF25–75%) 
at the age of 18 years. Additionally, maternal smoking 
showed an indirect association, through reduction in birth-
weight, with offspring  FEV1 [44].

It is also possible that maternal smoking and use of seda-
tives both identify a group of mothers with lower socioeco-
nomic status, psychosocial problems, proneness to mental 
illness, or physical stress during their pregnancy. Thus, 
maternal smoking and use of sedatives could at least partly 
be regarded as possible surrogate markers for adverse psy-
chosocial conditions or low socioeconomic status. These 
factors could also indicate underlying averse maternal health 
or obstetric complications, specifically during the second tri-
mester. Unfortunately, no information on these background 
variables were available for analysis. No synergistic effects 
on the risk of offspring ARD were observed for women who 
both smoked and used sedatives at the same time (data not 
shown). Since we lack information for these potential under-
lying factors our finding of sedative use as risk factor for 
ARD should be interpreted with caution.
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Limitations and strengths

There exist some obvious limitations when performing 
studies on historical cohorts like ours. The available vari-
ables were not collected for this study purpose and hence 
lack details about exact categories of sedative drugs used 
and dosages, as well as a risk of misclassification due to 
inexact documentation and reported data. Further, the only 
estimation possible of gestational length was from the 
women’s self-reported date of last menstrual period. The 
cohort also lacks information on important variables such 
as socioeconomic status and mental health of the mothers 
which could partly explain, or at least influence, the usage 
of sedative drugs and maternal smoking during pregnancy. 
Unfortunately we also lack information about emigration 
which could have affected the proportion of the cohort still 
available for study. We do not believe, however, that there 
is a large proportion of the offspring that has migrated from 
Sweden during the follow-up period.

Second, we used multiple categories of obstructive res-
piratory diseases that were considered and analysed together. 
Since asthma, chronic bronchitis, emphysema and bronchi-
ectasis display different pathogeneses, and only share the 
clinical aspects of pulmonary obstructiveness, it could 
eventually be better to separate them for analysis in order 
to examine potential risk factors. However, we chose not 
to do so because the majority of affected offspring suffered 
from asthma, leaving too few individuals within the other 
diagnostic categories.

Third, offspring were considered affected by respiratory 
disease if they had either a diagnosis from the national reg-
isters, or were prescribed specific drugs used for treatment of 
respiratory diseases. This ensured that few individuals suf-
fering from such conditions were missed although prescrip-
tion of, for example, adrenergic broncho-dilating inhalers 
does not necessarily by default equalizes the diagnosis of a 
chronic respiratory disease since it can also be prescribed as 
symptomatic relief treatment in conditions such as acute res-
piratory infections or allergic reactions. Even the diagnoses 
chosen by clinicians, obtained from the national registers, 
may risk misclassification bias. However, the prevalence of 
respiratory disease in our study (20.4%) matches well the 
combined estimated mean prevalence of asthma (10%) and 
COPD (9%) in Sweden [45].

On the other hand, there are also numerous strengths 
of our study. The cohort offers objective measurements 
of birth weight, birth length, placental weight, gestational 
age, pre-eclampsia, and mode of delivery together with 
comprehensive self-reported data on maternal smoking, 
infection episodes, as well as sedative drug and antibiotic 
use. Approximately 50% of the mothers smoked during 

pregnancy and/or used sedative drugs, an unusual and 
very high proportion reflecting historical and cultural cir-
cumstances in the early 1960ies in Southern Sweden. The 
follow-up time is more than 50 years, and there are few his-
torical cohorts to match this with detailed exposure data.

Associations of congenital malformations and phar-
maceutic use during pregnancy are presently monitored, 
while the latter’s associations with adult disease are not. 
The explanation is that national registers of drug usage 
during pregnancy currently has a limited follow-up time. 
Thus such research is dependent on historical cohorts like 
the HbgBC. However, in the future adult disease should be 
included in risk analyses of pharmaceuticals influencing 
fetal development and outcomes.

Conclusions

In summary, we report a significant and independent asso-
ciation between maternal use of sedative drugs during 
pregnancy (i.e. 2nd trimester) with higher risk of offspring 
ARD. Maternal smoking throughout most of pregnancy, 
and offspring female sex, were also factors associated with 
ARD. When stratified for sex, maternal use of sedative 
drugs during pregnancy remained the only significant risk 
marker shared by both sexes. Further studies are required 
to confirm the negative effect of sedative use in pregnancy 
upon ARD risk in the offspring.
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