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Abstract
Background: Antenatal corticosteroids (ACS) given to mothers with anticipated very 
preterm delivery are widely used and improve infant outcomes. Follow-up studies of 
the first trials of ACS have shown no adverse effects, but recently there have been 
concerns about possible longer-term harms.
Objectives: We aimed to assess the relationship of ACS therapy to a range of physical 
health and welfare measures in a cohort of very low birthweight (VLBW; <1500 g) 
young adults.
Methods: Population-based cohort follow-up study. All VLBW infants born in New 
Zealand in 1986 were included in a prospective audit of retinopathy of prematurity. 
Perinatal data collection included information on ACS. At 26–30 years, 250 of 323 
(77%) survivors participated, 58% having received ACS, with 229 assessed in one 
centre, including cardiovascular, metabolic, respiratory and neurocognitive measures. 
Differences in outcome between those receiving/not receiving ACS were summarised 
by the mean difference for continuous outcomes supplemented by Cohen’s d as a 
standardised measure of effect size (ES), and risk ratios (RRI) for dichotomous out-
comes, adjusted for relevant covariates using generalised linear regression methods.
Results: There were no or minimal adverse effects of receipt of ACS versus no receipt 
across a range of health and welfare outcomes, both for the full cohort (adjusted ES 
range d  = 0.01–0.23; adjusted RR range 0.78–2.03) and for individuals with gesta-
tion <28 weeks (extremely preterm; EP), except for a small increase in rates of major 
depression. In EP adults, receipt of ACS was associated with a higher incidence of 
hypertension, but might have a small benefit for IQ.
Conclusions: In this population-based VLBW cohort, we detected minimal adverse 
outcomes associated with exposure to ACS by the third decade of life, a similar result 
to the 30-year follow-up of participants in the first ACS trial. However, further follow-
up is warranted.
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1  |  BACKGROUND

Antenatal corticosteroids (ACS) given to mothers for anticipated 
preterm delivery before 34 weeks are the standard of care in high-
income countries. ACS treatment is highly cost-effective1 and 
reduces neonatal mortality, respiratory distress syndrome, intra-
ventricular haemorrhage and possibly other morbidities.2–4 Despite 
these early benefits of ACS treatment for very preterm infants, con-
cerns have been raised about potential long-term adverse effects.5–8

In their landmark 1972 Auckland Steroid Trial,9,10 Liggins and 
Howie reported the outcomes for the first 282 women, from a final 
total of 1142, 10 randomised to intramuscular betamethasone or pla-
cebo, repeated after 48 h if delivery had not occurred. The hypoth-
esis, based on the results of a foetal infusion of dexamethasone in a 
sheep model,11 was that ACS would reduce respiratory distress. This 
proved correct, leading to a change in clinical practice that has had a 
profound impact on preterm infant survival and outcomes.

In 1989, Barker reported that males with the lowest birth-
weights, and/or the lowest weight at 1 year of age, had the high-
est mortality in adulthood from ischaemic heart disease.12 Other 
reports followed, linking impaired foetal growth or low birthweight 
with increased risks of developing adult diseases including cardio-
vascular disease, diabetes mellitus and the metabolic syndrome.13 
The concept that foetal and early life events shape (‘programme’) fu-
ture development and health became known as the ‘developmental 
origins of health and disease’ (DOHaD).

More recently, concerns have been raised that the increased risk 
of non-communicable disease seen with foetal malnutrition and the 
resultant increase in endogenous steroids might also occur with ex-
ogenous antenatal glucocorticoid exposure.13,14 In animal models of 
ACS exposure, a range of neurological, cardiovascular and metabolic 
longer-term adverse effects are seen.15–18 However, these often fol-
low higher doses of dexamethasone than used in humans and ef-
fects vary with species, sex and timing.6,13,18,19

Human data examining the longer-term effects of ACS expo-
sure are limited. Children included in the Auckland Steroid Trial 
were followed at 4 and 6 years of age with no differences in cog-
nitive or developmental outcomes between ACS exposed and non-
exposed.20,21 At 30 years of age, 56% of survivors were assessed and 
no between-group differences were found including for body size, 
adiposity, blood lipids, cortisol, blood pressure, diabetes, cardiovas-
cular disease, bone mass, asthma, cognitive functioning, psychiatric 
morbidity and health-related quality of life.10,22–24 Follow-up at 10 to 
12 years of an Amsterdam RCT of ACS also found no between-group 
differences in growth25 or cognitive or behavioural outcomes.26 
Although reassuring, a major caveat with these findings is that sur-
viving participants from the Auckland Steroid Trial had mean birth-
weight 2.3 kg, mean gestation 35 weeks and 31% had been born at 
term, hence potentially not representative of the many very preterm 
infants currently exposed to ACS.

We have assessed the relationship between ACS exposure 
(ACS+, ACS-) and a range of health and welfare measures in a na-
tional cohort of 250 young adults born with very low birthweight 

(VLBW; <1500 g), compared with same age term-born control 
subjects.

2  |  METHODS

2.1  |  Cohort selection

In 1986, all 413 VLBW infants born in New Zealand and admitted to 
a neonatal unit were included in a prospective audit of retinopathy 
of prematurity with 338 (82%) surviving to discharge home.

2.2  |  Exposure

Following birth, 170 perinatal items were collected, including 
whether or not the mother had received all or part of a course of 
ACS, the exposure of interest in this report.

2.3  |  Outcomes

The protocol for the most recent follow-up of surviving members of 
the cohort at 26–30 years has been published27 as have the meth-
ods.28,29 Briefly, 250 of 323 (77%) known VLBW survivors consented 

Synopsis

Study question

Are there detectable adverse health or welfare outcomes 
after exposure to antenatal corticosteroids by the third 
decade of life?

What’s already known

Antenatal corticosteroids improve preterm infant survival 
and decrease morbidity. Many animal studies suggest 
harmful effects of antenatal corticosteroids in surviv-
ing offspring as do a few recent human studies of very 
preterm-born adults. In contrast, a 30-year follow-up of 
individuals in the first randomised trial of antenatal corti-
costeroids found no adverse effects.

What this study adds

In a population-based cohort follow-up at mean age 
28 years of adults born with very low birthweight, half of 
whom had received antenatal corticosteroids, we found 
no or minimal adverse effects of steroids across a range of 
health and welfare outcomes.
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to take part in the study (questionnaire sample) with 229 (56% hav-
ing received ACS) coming to one centre (Christchurch) for 2 days of 
investigations and assessments (Figure  S1). Table  S1 summarises 
the outcome measures used in this analysis, covering the domains 
of growth, metabolic, visual, cardiovascular and mental health and 
cognition (IQ). Respiratory outcomes in relation to ACS have been 
reported elsewhere.30,31

2.4  |  Statistical analysis

Differences in perinatal/demographic factors between those re-
ceiving/not receiving ACS and between those assessed/not as-
sessed were summarised by the mean or risk difference and 95% 
CI. Differences in outcome between those receiving or not receiv-
ing ACS were summarised by the mean difference (95% CI) for con-
tinuous outcomes and adjusted for a range of relevant covariates 
using linear regression methods. Mean differences were standard-
ised using Cohen’s d to provide a common metric for effect size (ES) 
comparisons. By convention, a value of d = 0.20 is taken to imply a 
small ES and 0.50 as moderate.32 For dichotomous outcomes, ESs 
were summarised by the risk ratio (RR, 95% CI), with adjusted risk 
ratio (ARR) estimates calculated from logistic regressions using the 
method described by Norton. 33 The no-steroid group was the ref-
erence for all comparisons. Where relevant, tests of sex by receipt 
of ACS interactions were conducted by testing the equality of ESs 
between sexes.

2.5  |  Missing data

Missing data ranged between 0% and 3% for most outcomes, with 
the exception of fat percentage, fat mass and fat-free mass (4.8%), 
adult ADHD (8%) and reactive hyperaemic index (RHI) (13%). 
Comparisons of those assessed survivors with those not assessed 
(Table S2) showed weak evidence of selection bias, the assessed 
survivors having lower mean birthweight, a slight sex imbalance 
and the clinically assessed sample underrepresenting those with 
a history of neurosensory disability. To address issues of missing 
data and potential selection bias, the adjusted ES analyses also 
included an inverse probability weighting adjustment. Specifically, 
for each outcome a logistic regression model was first fitted to 
predict the probability of inclusion in the assessment sample from 
the measures in Table S2; the inverse of this probability was then 
used as the weight for each individual in the adjusted regression 
models.

2.6  |  Ethics approval

The study was approved by the Southern Health and Disability Ethics 
Committee, and all participants gave written informed consent.

3  |  RESULTS

Table 1 shows the demographics and perinatal characteristics of the 
VLBW cohort clinically assessed at 26–30 years by receipt of ACS, 
and Table S3 shows these data for the interview sample. Those re-
ceiving ACS had a lower gestation and higher birthweight z-score, 
were less often small for gestational age and more often born in a 
level III (regional) centre. Fourteen participants were born at 34-
week gestation or more.

Tables  2–6 summarise the analysis results for each outcome 
domain by receipt of ACS: adult growth outcomes (Table 2); blood 
pressure and metabolic data (Table  3); visual and cardiovascular 
outcomes (Table  4); mental health and substance use (Table  5); 
cognitive outcomes (IQ) and adult ADHD (Table 6). Tables S4–S8 
show the same analyses by sex and Tables S9–S13 for those born 
EP.

For the total cohort, both the unadjusted and adjusted data show 
minimal evidence of differences in outcome by receipt of ACS. ESs 
were typically in the range of negligible to small: for continuous out-
comes adjusted effect sizes (Cohen’s d) were in the range d = 0.01–
0.23 with a median of 0.06; and for dichotomous outcomes, ARRs 
ranged from 0.78–2.03. There was slightly greater ES variability 
when considered separately by sex (females: continuous outcomes 
adjusted d  =  0.02–0.41, median 0.15, dichotomous outcomes 
ARR = 0.18–2.63; males: continuous outcomes adjusted d = 0.01–
0.35, median 0.13, dichotomous outcomes ARR = 0.48–6.69) or re-
stricted to EP (continuous outcomes adjusted d = 0.01–0.52, median 
0.08, dichotomous outcomes ARR = 0.33–2.98).

In the total cohort, ACS+ status was associated with a doubling 
of the rate of major depression in the past 12 months (Table 5) and 
an almost threefold increase amongst EP adults (Table S12). The as-
sociation was stronger for females than males (Table S7), but the ESs 
were not significantly different.

There was a small ES of ACS+ associated with lower fasting in-
sulin in females (d = 0.30) and with higher fasting insulin in males 
(d =  0.20) (Table S5); however, the test of sex by ACS interaction 
was statistically non-significant. There was also a small ES of ACS+ 
associated with lower fasting insulin in EP adults (d = 0.31) (Table 
S10). In EP adults, ACS had no association with mean BP but the 
ACS+ group had a nearly threefold higher incidence of elevated BP 
(systolic ≥130 or diastolic ≥85) (Table S10). ACS+ females had a 60% 
reduced incidence of metabolic syndrome compared with a modest 
20% increase for males, but the test of sex by ACS interaction was 
statistically non-significant.

In EP adults, there were moderate ES differences of ACS 
(d  =  0.47–0.52) reflecting greater left ventricular (LV) and arterial 
elastance (Table S11). ACS+ females also exhibited similar ES differ-
ences (d = 0.33–0.41) in LV and arterial elastance (Table S6).

ACS+ status was associated with a reduced incidence of astig-
matism >2 dioptres in the better eye in females and an increased 
incidence of poor visual acuity (LogMAR >0.3) in the better eye in 
males (Table S6). Further analysis showed these results were not 
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related to retinopathy of prematurity and the tests of sex by steroid 
effect interactions were non-significant.

Receipt of ACS was associated with a small (3.4–5.4 point) in-
crease in IQ scores in EP adults (d = 0.32–0.37) (Table S13).

Sensitivity analysis was conducted to test for possible collider 
bias in the effect size estimates resulting from the inclusion of birth-
weight z-score and gestation as covariates; exclusion of these vari-
ables produced very similar effect size estimates to those reported 
above (Table S14).

4  |  COMMENT

4.1  |  Principal findings

In this population-based VLBW cohort, around half of whom had 
been exposed to ACS, we found that ACS had minimal impact, posi-
tive or negative, on a wide range of physical, cognitive and mental 

health outcomes at 26–30 years, both for the whole cohort (adjusted 
ES range d  =  0.00–0.22; adjusted RR range 0.78–2.03) and those 
born at <28-week gestation. ACS+ status was associated with an 
increase in depression (ARR 2.03, 95% CI 0.99, 9.88), with a slightly 
stronger association in EP adults. Sex assignment at birth had neg-
ligible relationships to the majority of the results. Our results are 
similar to those reported at the 30-year follow-up of the Auckland 
randomised controlled trial of ACS.10,22–24

4.2  |  Strengths of the study

We assessed a prospectively enrolled population-based sample in 
young adulthood with good retention, half having received ACS. A 
range of investigations were undertaken concurrently at one centre. 
Surfactant was unavailable in New Zealand in 1986, but many ele-
ments of modern neonatal intensive care including parenteral nutri-
tion were standard practice.

Measure

Receipt of antenatal 
corticosteroids (ACS)

Difference 
(95% CI)No (n = 100) Yes (n = 129)

Age at assessment (y), mean (SD) 28.4 (1.1) 28.4 (1.1) −0.01 (−0.30, 0.27)

Male, % 47.0 42.6 −4.4 (−17.4, 8.6)

Māori/Pacific Island, % 36.0 27.1 −8.9 (−21.0, 3.3)

Gestation (weeks), mean (SD) 29.9 (2.9) 28.7 (2.0) −1.16 (−1.81, −0.51)

<28-week gestation, % 22.0 27.1 5.1 (−6.0, 16.3)

Birthweight (g), mean (SD) 1140 (228) 1127 (244) −13.1 (−75.4, 49.1)

<1000 g, % 26.0 29.5 3.4 (−8.2, 15.1)

Birthweight z-score, mean (SD) −1.1 (1.4) −0.5 (1.0) 0.59 (0.28, 0.90)

Small for gestational agea, % 42.0 23.3 −18.7 (−30.9, −6.6)

Respiratory distress syndrome, % 52.0 56.5 4.6 (−8.4, 17.6)

Bronchopulmonary dysplasiab, % 25.0 16.3 −8.7 (−19.3, 1.9)

Apgar score (5 min), median (IQR) 8.0 (6.5–9.0) 9.0 (7.0–9.0) 1.0 (0.41–1.59)

Retinopathy of prematurity, % 16.0 22.5 6.5 (−3.9, 16.7)

Necrotising enterocolitis, % 13.0 10.1 −2.9 (−11.3, 5.5)

Maternal preeclamptic toxaemia, % 27.0 22.5 −4.5 (−15.8, 6.8)

Born in a Level III centre, % 68.0 76.7 8.7 (−3.0, 20.4)

Maternal smoking during 
pregnancy, %

43.0 38.0 −5.0 (−17.8, 7.8)

Duration breast feeding (mths), 
mean (SD)

5.0 (5.7) 4.0 (5.8) −0.91 (−2.46, 0.64)

Maternal age at childbirth, mean (SD) 25.9 (5.5) 26.0 (4.8) 0.05 (−1.31, 1.40)

Parental educationc, mean (SD) 2.0 (0.8) 2.1 (0.8) 0.17 (−0.04, 0.39)

Abbreviations: IQR, interquartile range; SD, standard deviation.
aBirthweight <10th centile.
bOxygen requirement at 36-week post-menstrual age.
cParental education scored in 3 levels (no formal qualifications/high school qualifications/tertiary 
qualifications) based on highest educational attainment of either parent.

TA B L E  1  Demographics and perinatal 
data of the VLBW cohort by receipt of 
antenatal corticosteroids (ACS)—clinically 
assessed sample
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4.3  |  Limitations of the data

ACS treatment was not randomised and could be biased by several 
factors. We lack details of the ACS treatment, but common practice 
at the time was to use betamethasone as a single course. Surviving 
ACS+ infants tended to be born at a shorter gestation than the 
ACS- group, likely reflecting the effectiveness of antenatal steroid 

treatment on survival. We recognise that the pattern of findings 
might differ in other cohorts where survival is different. The cohort 
was enrolled by birthweight, so small for gestational age infants are 
overrepresented, but we have separately analysed data for those 
with gestation <28 weeks (EP) with similar results. Because partici-
pant number is relatively small, our study is adequately powered to 
detect only moderate-to-large effect sizes and there is considerable 

TA B L E  2  Adult growth outcomes by receipt antenatal corticosteroids (ACS)

Measure

Receipt of antenatal corticosteroids Mean difference (95%CI)

Cohen’s da

No (n = 100) Yes (n = 129)

Unadjusted AdjustedaMean (SD) Mean (SD)

Height, cm 167.1 (8.4) 167.3 (9.3) 0.18 (−2.17, 2.54) −0.22 (−1.86, 1.42) 0.02

Weight, kg 75.4 (18.2) 75.3 (20.2) −0.07 (−5.20, 5.06) −0.43 (−5.44, 4.58) 0.02

Body mass index, kg/m2 26.9 (6.0) 26.8 (6.4) −0.08 (−1.74, 1.58) −0.09 (−1.77, 1.60) 0.01

Waist circumference, cm 84.7 (14.6) 84.2 (15.1) −0.43 (−4.34, 3.47) −0.56 (−4.48, 3.35) 0.04

Hip circumference, cm 99.8 (11.8) 101.9 (12.5) 1.09 (−2.12, 4.30) 0.55 (−2.78, 3.87) 0.04

Waist/hip ratio 0.84 (0.09) 0.83 (0.08) −0.01 (−0.04, 0.01) −0.01 (−0.03, 0.01) 0.11

Body fat percentage, % 28.0 (10.8) 27.7 (10.6) −0.34 (−3.24, 2.54) −1.15 (−3.68, 1.38) 0.11

Fat mass, kg 22.4 (13.7) 22.3 (13.9) −0.13 (−3.85, 3.59) −0.78 (−4.51, 2.95) 0.06

Fat-free mass, kg 53.0 (9.6) 53.2 (11.0) 0.18 (−2.63,2.99) 0.67 (−1.13, 2.46) 0.06

Total body water, kg 38.8 (7.0) 39.0 (8.1) 0.13 (−1.92, 2.19) 0.49 (−0.82, 1.80) 0.06

aAdjusted for sex, ethnicity, birthweight z-score, gestation, parental education, duration of breastfeeding and potential selection bias.

TA B L E  3  Biomedical and metabolic indices by receipt of antenatal corticosteroids (ACS)

Measure

Receipt of ACS Mean difference/RR (95% CI)

Cohen’s da

No Yes

Unadjusted AdjustedaBloods, mean (sd) (n = 99) (n = 125)

Fasting blood insulin (pmol/L) 76.2 (50.4) 71.4 (61.6) −4.83 (−19.98, 10.32) −2.61 (−18.74, 13.52) 0.04

Fasting blood glucose (mmol/L) 5.0 (0.5) 5.1 (0.5) 0.05 (−0.09, 0.18) 0.04 (−0.10, 0.18) 0.08

Haemoglobin A1c (mmol/mol) 31.6 (4.3) 32.2 (4.5) 0.65 (−0.53, 1.84) 1.03 (−0.17, 2.24) 0.23

HOMA-IR 2.4 (1.7) 2.3 (2.0) −0.11 (−0.61, 0.39) −0.06 (−0.59, 0.48) 0.03

Blood pressure, mean (sd) (n = 100) (n = 129)

Systolic BP (mm Hg) 114.4 (12.5) 113.4 (12.8) −0.98 (−4.30, 2.35) −0.81 (−4.10, 2.49) 0.06

Diastolic BP (mm Hg) 74.0 (9.8) 73.9 (9.0) −0.13 (−2.60, 2.33) 0.11 (−2.34, 2.56) 0.01

Metabolic syndromeb, % (n = 99) (n = 126) RR (95%CI) ARR (95%CI)

Elevated waist circumference 37.4 39.7 1.06 (0.76, 1.48) 1.05 (0.74, 1.49)

Elevated triglycerides 24.2 17.6 0.73 (0.43, 1.21) 0.82 (0.46, 1.46)

Reduced HDL-C 37.4 39.7 1.13 (0.82, 1.57) 1.20 (0.86, 1.68)

Elevated BP 19.2 16.7 0.87 (0.50, 1.52) 0.96 (0.52, 1.76)

Elevated fasting glucose 11.1 18.4 1.65 (0.85, 3.23) 1.75 (0.85, 3.60)

Metabolic syndrome 20.2 14.4 0.71 (0.40, 1.27) 0.78 (0.42, 1.44)

Abbreviations: BP, blood pressure; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostatic model assessment for insulin resistance.
aAdjusted for sex, ethnicity, birthweight z-score, gestation, duration of breast feeding, parental education and potential selection bias.
bSymptoms of metabolic syndrome and elevated waist circumference defined according to International Diabetes Federation criteria.57
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imprecision in our analysis, as reflected in the wide 95% CIs for most 
ES estimates. In addition, given the large number of effect sizes es-
timated, it is possible that one or more ESs may appear large simply 
as a result of chance.

4.4  |  Interpretation

There are several population-based VLBW or very preterm (VP; 
<32-week gestation) cohorts born in the 1970s–1990s from 

high-income countries that have been followed up as young adults 
compared with term-born controls, most contributing to the Adult 
Preterm Infant Collaboration (APIC).34 A common theme for many 
health outcomes in these studies is that whilst most VLBW/VP 
adults are healthy and have physiological measurements in the 
normal range for age, the mean values for the group are typically 
less satisfactory than measurements from the control group.35–38 
In many APIC cohorts, ACS exposure was well below 50% and 
often not considered in the analysis of physical health variables.39 
In a few studies, ACS exposure was reported to have no association 

TA B L E  4  Visual and cardiovascular outcomes by receipt of antenatal corticosteroids (ACS)

Measure

Receipt of ACS Mean difference/RR (95% CI)

Cohen’s daNo Yes Unadjusted Adjusteda

Visual outcomes, % (n = 100) (n = 129) RR (95%CI) ARR (95%CI)

Visual acuity (logMAR) >0.3 better eye 5.0 9.3 1.86 (0.68, 5.11) 1.95 (0.68, 5.60)

Myopia >2.0 dioptres, better eye 15.2 11.9 0.79 (0.40, 1.53) 0.87 (0.41, 1.84)

Hypermetropia >2.0 dioptres, better eye 0.0 3.2 - -

Astigmatism >2.0 dioptres, better eye 8.8 4.8 0.59 (0.21, 1.64) 0.79 (0.29, 2.15)

Moderate visual impairment (any of the above) 22.0 23.3 1.06 (0.65, 1.72) 1.14 (0.67, 1.93)

Heart structure and function, mean(sd) (n = 99) (n = 129) Mean diff (95%CI) Mean diff (95%CI)

LV mass - indexed BSA (g/m2) 90.4 (17.3) 89.1 (20.7) −1.30 (−6.38, 3.78) −0.36 (−5.58,4.87) 0.02

LVEDV - indexed BSA (ml/m2) 59.1 (10.8) 57.8 (11.1) −1.34 (−4.22, 1.54) −1.01 (−4.08, 2.05) 0.09

LVESV - indexed BSA (ml/m2) 21.2 (5.1) 20.5 (4.7) −0.63 (−1.92, 0.65) −0.48 (−1.82, 0.86) 0.10

LV elastance (mm Hg/ml) 3.31 (0.80) 3.42 (0.94) 0.11 (−0.13, 0.34) 0.14 (−0.10, 0.38) 0.16

Arterial elastance (mm Hg/ml) 1.82 (0.35) 1.86 (0.44) 0.04 (−0.07, 0.15) 0.06 (−0.05, 0.17) 0.15

Reactive hyperaemic index (RHI)b 1.90 (0.62) 1.91 (0.54) 0.01 (−0.16, 0.17) −0.08 (−0.25, 0.09) 0.14

Cardiac output - indexed BSA (L/min) 2.69 (0.63) 2.67 (0.64) −0.02 (−0.19, 0.15) 0.01 (−0.17, 0.20) 0.02

Abbreviations: BSA, body surface area; logMAR, log of minimum angle of resolution; LV, left ventricular; LVEDV, LV end-diastolic volume; LVESV, LV 
end-systolic volume.
aAdjusted for sex, ethnicity, birthweight z-score, gestation, parental education, duration of breast feeding, history of ROP (visual outcomes only) and 
potential selection bias.
bSample sizes for RHI—no ACS (n = 89), ACS (n = 110).

TA B L E  5  Adult mental health, substance use and antisocial behaviour outcomes by receipt of antenatal corticosteroids (ACS)

Measure

Receipt of ACS
Unadjusted RR 
(95% CI)

Adjusted RR 
(95% CI)aNo (n = 109) Yes (n = 141)

Mental health (past 12 months), %

Major depression 9.2 16.4 1.79 (0.89, 3.60) 2.03 (0.99, 4.18)

Suicidal ideation 7.3 6.4 0.87 (0.35, 2.18) 1.16 (0.41, 3.28)

Anxiety disorder 25.7 27.8 1.08 (0.71, 1.63) 1.08 (0.69,1.68)

Any of the above 32.1 37.6 1.17 (0.83, 1.65) 1.14 (0.78, 1.67)

Substance use/antisocial behaviour

Daily smoker 33.0 27.7 0.84 (0.57, 1.22) 1.09 (0.71, 1.67)

Regular (weekly) binge drinking 18.4 13.5 0.73 (0.41, 1.31) 1.04 (0.55, 1.97)

Daily cannabis use 7.3 7.8 1.06 (0.44, 2.55) 1.06 (0.44, 2.56)

History of adult offending (>18 y) 28.4 17.7 0.62 (0.39, 0.99) 0.83 (0.50, 1.39)

aAdjusted for sex, ethnicity, birthweight z-score, gestation, parental education and potential selection bias.
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with the outcomes of interest.29,40,41 To our knowledge, this is the 
first comprehensive analysis of the relationship of ACS exposure 
and a range of health outcomes in a VLBW/VP young adult cohort.

Smaller size at birth and an increased risk of abnormal glucose 
homeostasis in adulthood is one of the key associations of the 
DOHaD concept.42 Hofman reported reduced insulin sensitivity in 
a convenience sample of 52 children born at <32-week gestation 
(68% ACS+), compared with 22 term controls, but ACS status did 
not affect these results.43 Mathai reported increased insulin resis-
tance in 31 surviving preterm-born adults from the Auckland Steroid 
Trial (42% ACS+) compared with 21 term adults (48% ACS+). This re-
mained significant after adjusting for confounders including ACS.44 
One hundred survivors (48% ACS+) of an extremely low birthweight 
(ELBW;<1000 g) Canadian cohort were followed up at mean age 
31.8 years and were 3–4 times more likely to have pre-diabetes or 
Type 2 diabetes than 90 term controls, but ACS status was not pre-
dictive of this outcome.40 Similarly, we found no adverse impact of 
ACS status on fasting blood insulin, glucose, calculated insulin resis-
tance (HOMA-IR), glycated haemoglobin or the metabolic syndrome.

A follow-up of a VLBW hospital cohort at 14 years of age (50% 
ACS+) reported ACS was associated with increased height and better 
cognitive function45 but higher BP.46 An APIC-related meta-analysis of 
9 VLBW adult cohorts listed ACS rates in each but did not consider ACS 
in the analysis of BP.39 We observed EP ACS+ adults to have a higher in-
cidence of an elevated BP, and this should be explored in future studies.

ACS exposure has been associated with differences in cardio-
vascular structure and function.47,48 Kelly followed a subset of sur-
viving 23–28-year olds born with birthweight <1850 g included in 
a neonatal feeding trial.47 Sixteen ACS+ survivors were compared 
with 32 matched ACS- preterm controls. Assessments included 
BP and cardiac MRI. ACS+ adults were reported to have increased 
aortic arch stiffness compared with the matched ACS- controls.47 
The considerable attrition in this study follow-up invites caution 
in interpretation. We measured peripheral artery distensibility and 
found VLBW young adults had reduced reactive hyperaemia indices 
compared with term-born controls, which was unaffected by ACS 
status.41 In EP adults, we observed small-to-moderate ES effect of 
ACS associated with greater LV and arterial elastance, respectively, 
a load-independent measure of LV chamber performance and a 

measure of net arterial load exerted on the LV.41 There were similar 
ES differences in females. These findings suggest future follow-up 
is warranted.

Several studies have reported VLBW/VPT adults have decreased 
expiratory flow variables on spirometry compared with term con-
trols.36,49 An individual patient data meta-analysis of airflow vari-
ables in VLBW/VP young adults found ACS exposure (in 41% overall) 
was associated with increased forced expiratory volume in 1 s (FEV1) 
and forced vital capacity (FVC) z-scores on both uni- and multivari-
able analysis.49 By contrast, we previously reported no difference 
by ACS status in lung function testing at rest or during exercise.30,31

Although a single course of ACS given for expected very preterm de-
livery is associated with reduced rates of intraventricular haemorrhage,2 
in animal models adverse effects have been reported in the brain, to-
gether with cognitive and behavioural abnormalities.5,16,18,19,50 An 
Australian follow-up study in childhood found repeat ACS courses were 
associated with aggressive and hyperactive behaviour.51 In a Canadian 
regional cohort of 84 ELBW survivors (39% ACS+) compared with 90 
term controls, ELBW adults had lower odds of substance use disor-
der and higher odds of non-substance-related psychiatric disorders.52 
ACS+ status increased these odds overall and for generalised anxiety, 
social phobia and attention-deficit hyperactivity disorder sub-type.52 
Follow-up at age 19 years of 344 (51% of survivors; 20% ACS+) in the 
Dutch POPS study (a national cohort born <32 weeks and/or < 1500 g 
in 1983) found ACS exposure was associated with more internalising 
behaviour.53 A Finnish population registry study of births from 2006 to 
2017 (2.3% ACS+) reported at a median 5.8 years that ACS increased 
the risk of mental or behavioural problems (ACS+ 12%, ACS- 6.45%), 
including in the 45% of ACS+ infants born at term.54 Whether these 
associations persist to young adulthood remains to be determined. We 
found that receipt of ACS was associated with an increased risk of major 
depression overall and in those born EP. The effect size was greater in 
females than males, but there was no sex interaction. In the EP group, 
receipt of ACS was associated with slightly increased IQ scores, which 
might reflect the known benefit of ACS in reducing IVH.2,3

In a series of publications, Jobe has noted that ACS are now used 
in a variety of circumstances other than anticipated preterm delivery 
at 24 to 34 weeks, including very early gestations, late-preterm deliv-
eries and prior to elective caesarean section. In these circumstances, 

TA B L E  6  Adult IQ and attention deficit hyperactivity disorder (ADHD) by receipt of antenatal corticosteroids (ACS)

Measure

Receipt of ACS Mean difference (95% CI)

Cohen’s daNo Yes Unadjusted Adjusteda

WASI II IQ scores, mean (SD) (n = 100) (n = 128)

Verbal IQ 99.2 (11.7) 101.4 (15.3) 2.18 (−1.46, 5.82) 0.97 (−2.66, 4.59) 0.07

Perceptual IQ 98.4 (14.8) 100.6 (15.5) 2.13 (−1.89, 6.16) 2.62 (−1.93, 7.17) 0.17

Total IQ 98.8 (13.1) 101.2 (15.3) 2.33 (−1.48, 6.13) 1.88 (−2.19, 5.96) 0.13

Adult ADHD, mean (SD) (n = 96) (n = 134)

ADHD symptom score 8.2 (6.8) 8.4 (6.7) 0.18 (−1.58, 1.95) 0.32 (−1.76, 2.40) 0.05

Abbreviations: ADHD, Attention Deficit Hyperactivity Disorder; WASI II, Wechsler Abbreviated Scale of Intelligence – Version II.
aAdjusted for sex, ethnicity, birthweight z-score, gestation, duration of breast feeding, parental education and potential selection bias.
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the benefit to risk ratio of ACS might be different.7,8,55,56 In addition, 
up to 45% of foetuses exposed to ACS for threatened very preterm 
delivery are born at term.56 Because our cohort was both exposed 
to ACS and born very prematurely, we do not have data that address 
these concerns directly but our results might provide a stimulus to 
examine long-term outcomes from such use.

5  |  CONCLUSIONS

Although adverse outcomes related to ACS have been reported in 
some studies in adolescence or young adulthood, there is little con-
sistency in the literature and overall reports of harm are few. Despite 
different study designs, the similarity of findings after exposure to 
ACS seen in our prospective VLBW cohort and the 30-year follow-
up of the first RCT of ACS 10 is cause for optimism that antenatal 
steroids have minimal harmful effects when used for threatened 
very preterm labour, at least by the third decade of life. We did ob-
serve an increase in major depression associated with receipt of ACS, 
which needs confirmation in other studies. Given the emerging data 
that VLBW/VP adults might be at risk of chronic non-communicable 
diseases at an earlier age than their term-born peers, these cohorts 
should continue to be followed up as they age. Future studies should 
report participant numbers exposed to ACS and consider the im-
pact of this variable, alongside environmental factors and lifestyle 
choices, in the analysis of health outcomes.
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