'.) Check for updates

Acta Paediatrica

WILEY

ACTA PADIATRICA

| oRIGINAL ARTICLE CEIEED

Neonatal Outcomes Among Infants of Mothers With
Advanced Maternal Age: A National Cohort Study

S. Voss! | A. Josefsson? | C. Ekéus!

!Department of Women's and Children's Health, Uppsala University, Uppsala, Sweden | 2Division of Children's and Women's Health Department of
Biomedical and Clinical Sciences, Linkoping University, Linkdping, Sweden

Correspondence: S. Voss (sofia.voss@uu.se)
Received: 14 January 2025 | Revised: 1 June 2025 | Accepted: 10 June 2025
Funding: The authors received no specific funding for this work.

Keywords: advanced maternal age | hypoglycaemia | neonatal outcomes | preterm birth | stillbirths

ABSTRACT

Aim: Maternal age has increased steadily worldwide over the last few decades. This study aimed to investigate how different
degrees of advanced maternal were associated with adverse neonatal outcomes.

Methods: A nationwide register-based study was conducted using the Swedish Medical Birth Register. This comprised all sin-
gleton births to women aged 35years plus from 2010 to 2022. The women were divided into three groups based on maternal
age: 35-39 was the reference group, and 40-44 and 45years plus were the advanced and very advanced maternal age groups,
respectively.

Results: We studied 312221 singleton pregnancies. There were increased odds risks (95% confidence intervals) for infants born
to women aged 40-44 (17.8%) and 45 years plus (1.1%), compared to those aged 35-39. These included stillbirths at 1.27 (1.12-1.45)
and 1.80 (1.24-2.61) and infants being small for gestational age at 1.26 (1.19-1.33) and 1.46 (1.22-1.75). Risks for preterm birth,
Apgar scores below seven at 5min, and hypoglycaemia also increased.

Conclusion: Severe adverse neonatal outcomes were uncommon in Sweden but were higher in the advanced and very advanced
maternal age groups than the younger reference group. Healthcare providers make women more aware of the risks of postponed
childbearing.

1 | Background

Birth rates are generally falling in Europe and simultaneously
a steady increase in the mean age at childbirth is observed.
The mean age at childbirth increased from 29.0years in 2001
to 31.1years in 2021 in the European Union [1, 2]. There were
multifactorial causes for this trend and these included increased
career and educational opportunities for women and changing
social norms [2-4]. In addition, medical developments have
contributed to increased access to contraception and advances
in reproductive medicine, including a greater use of assisted

reproductive technology [2-4]. Increased maternal age has also
been reported in Sweden. In 2022, 4.8% of babies were born to
mothers who were 40years or older, which was nearly five times
higher than in 1973 [5].

Historically, advanced maternal age has been defined as 35years
or older, reflecting the increased risk of adverse obstetric and
perinatal outcomes associated with women in this age group
[3, 6-8]. However, the definition has been re-evaluated because
maternal age has been steadily increasing. More recent studies,
including our study, have defined advanced maternal age as

Abbreviations: BMI, body mass index; CI, confidence interval; ICD-SE, International Classification of Diseases, Swedish version; OR, odds ratio; SGA, small for

gestational age; MBR, Medical Birth Register.
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Summary

« This Swedish register study investigated how ad-
vanced maternal age was associated with adverse ne-
onatal outcomes, by comparing mothers aged 35-39 to
those aged 40-44 and 45 plus.

+ Severe adverse neonatal outcomes were uncommon
but were higher in the advanced and very advanced
maternal age groups than the younger group.

« These included stillbirths, preterm births, hypogly-
caemia, infants being born small for gestational age
and Apgar scores below seven at 5min.

giving birth at 40years or older [3, 6, 9]. Our study defined very
advanced maternal age as 45years or older, in line with recent
studies on advanced maternal age [3].

Stillbirths remain rare in Sweden and accounted for three per
1000 total births in 2022 [5]. Neonatal death, defined as death
within the first 28 days, was 1.4 per 1000 live births in the same
year [5]. In 2022, 4.4% of singleton live births were preterm, de-
fined as birth before 37 complete weeks of gestation [5]. In ad-
dition, 2.4% of live births were classified as small for gestational
age (SGA), 3.2% as large for gestational age, and 1.6% had an
Apgar score of less than seven at 5min [5, 10].

Numerous studies have reported associations between advanced
maternal age and adverse pregnancy outcomes, such as gesta-
tional hypertension and gestational diabetes [7, 9, 10]. Advanced
maternal age has also been recognised as a significant risk factor
for placental complications, including placenta previa and pla-
cental abruption [7, 10]. These conditions can lead to stillbirths
[11], SGA and preterm births [11-14]. However, there have been
very few population-based studies that have specifically exam-
ined the risks for offspring born to women of very advanced ma-
ternal age. There has also been a lack of data on how different
degrees of advanced maternal age affected offspring.

More studies are needed to provide new knowledge, and en-
hance awareness, among fertile women planning future preg-
nancies and those of advanced age seeking assisted reproductive
technology treatment. Our study aimed to investigate neonatal
outcomes among newborn infants born to women with ad-
vanced or very advanced maternal age.

2 | Patients and Methods
2.1 | Study Design

This national prospective cohort study was based on data from
the Swedish National Medical Birth Register, which is ad-
ministered by the National Board of Health and Welfare. The
Register contains data on all pregnancies that result in deliv-
eries at 22weeks of gestation or more. It has covered around
98% of all births in Sweden since 1973, with a coverage of more
than 99% since 2015 [15]. The Register is based on the stan-
dardised medical records that maternity, obstetrics and infant

healthcare providers are legally required to report. During the
study period, diagnoses and interventions were registered using
the International Classification of Diseases, Swedish version
(ICD-SE).

2.2 | Study Population

The study included all singleton births to women aged 35years
or more from 2010 to 2022. The women were divided into three
groups, based on their age at the time of delivery. The reference
group consisted of women aged 35-39years, which was chosen
to highlight how different degrees of maternal age affect off-
spring. The advanced maternal age group comprised women
aged 40-44years, and the very advanced group was for women
aged 45years and older.

2.3 | Outcomes

Neonatal outcomes were categorised as mortality or morbidity.
Mortality was stillbirths, which were divided into antepartum
and intrapartum, and neonatal deaths comprised early deaths
at 0-6days and late neonatal deaths at 7-27 days. The data were
registered in the Swedish Medical Birth Register based on the
Swedish Cause of Death Register [15].

Morbidity outcomes included gestational age, small for gesta-
tional age (SGA), large for gestational age and an Apgar score
below seven, which were registered in the Swedish Medical
Birth Register using standardised forms. They also included fol-
lowing ICD-SE codes: convulsions of newborn (P90), neonatal
sepsis (P36), shoulder dystocia (066.0), brachial plexus injury
(P14) and hypoglycaemia. Birthweight was categorised as SGA
or large for gestational age if the birthweight was more than two
standard deviations below or above the mean for gestational age,
respectively [5]. The Apgar score was categorised as low if it was
below seven at 5min.

2.4 | Confounders

Maternal confounders included body mass index (BMI), height,
parity, use of tobacco and assisted reproductive technology treat-
ment. It also included the ICD-SE codes for diabetic disease type
2(024.1) and chronic hypertension (0.10, O.11). The pregnancy-
related diagnoses that were collected were pregnancy-induced
hypertension (0.13), preeclampsia (0.14, 0.15), gestational dia-
betes (024.4) and mode of childbirth. The latter was categorised
as vaginal birth, vacuum extraction, elective Caesarean section
or emergency Caesarean section. The logistic regression analy-
ses included adjustments for delivery year, BMI, height, smok-
ing and parity.

2.5 | Data Analysis
Statistical analyses were performed using SPSS Statistics, ver-

sion 29.0 (IBM Corp, New York, USA). All outcomes were pre-
sented for the reference group of 35-39years, the advanced
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maternal age group of 40-44years, and the very advanced ma-
ternal age group of 45years or more. All outcomes were entered
as categorical variables, apart from delivery year, as that was
linear. Missing data were entered as separate categories in the
analyses.

Descriptive data on maternal characteristics, pregnancy
characteristics and neonatal outcomes were generated for
each age group and are presented in tables with total num-
bers and percentages. Neonatal outcomes were investigated
using multivariable logistic regression, with results presented
as adjusted and unadjusted odds ratios (ORs). Statistical

significance wassettoa95% confidence interval (Cl) thatdid not
include 1.0.

2.6 | Ethics

The study was based on data from the Swedish National Birth
Register that was held by the Swedish National Board of Health
and Welfare. It was approved by the Swedish Ethical Review
Authority in March 2020 (number 2020-00113). The data were
held in an encrypted format, and this meant that no further eth-
ical permission was needed.

TABLE1 | Maternal and pregnancy characteristics, by maternal age, of 312, 221 singleton births in Sweden from 2010 to 2022.
35-39 40-44 >45
N=253241 N=55495 N=3485
N % N % N %

Maternal height (cm)

130-162 67446 26.6 15888 28.6 1053 30.2

163-171 123085 48.6 26311 474 1612 46.3

>172 54195 21.4 11431 20.6 677 19.4

Data missing 8515 3.4 1865 3.4 143 4.1
BMI (kg/m?)

<18.5 3371 1.3 539 1.0 26 0.7

18.5-24.9 130907 51.7 25444 45.8 1421 40.8

25-29.9 66018 26.1 15823 28.5 1042 29.9

>30 36019 14.2 9848 17.7 736 21.1

Data missing 16926 6.7 3841 6.9 260 7.5
Parity

Primipara 61973 24.5 12603 22.7 1048 30.1

Multipara 191268 75.5 42892 77.3 2437 69.9
Smoking

Yes 8161 3.2 2171 39 93 2.7

Data missing 12386 4.9 2743 4.9 199 5.7
Diabetic disease type 2 829 0.3 394 0.7 49 1.4
Chronic hypertension 2216 0.9 1005 1.8 133 3.8
Assisted reproductive technology 16960 6.7 5869 10.6 627 18.0
Pregnancy-induced hypertension 5892 2.3 1821 3.3 174 5.0
Preeclampsia 7230 2.9 2036 3.7 262 7.5
Gestational diabetes 8399 3.3 2786 5.0 268 7.7
Mode of childbirth

Vaginal 182612 72.1 36002 64.9 1709 49.0

Emergency Caesarean section 22023 8.7 5862 10.6 522 15.0

Elective Caesarean section 34635 13.7 10634 19.2 1079 31.0

Vacuum extraction 13971 5.5 2997 5.4 175 5.0
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3 | Results
3.1 | Study Population

A total of 312221 singleton children born between 2010 and
2022 were included in the study, and these represented 22.3% of
such births in Sweden during this period. Of these, 81.1% were
to women aged 35-39years, who formed the reference group.
A further 17.8% fell into the advanced maternal age group, and
1.1% were included in the very advanced maternal age group.
We found that 6% of women in the very advanced maternal age
group were 50years of age or older.

The data regarding maternal and pregnancy-related characteris-
tics are presented as frequencies and proportions for each group
(Table 1). Compared with the reference group, the mothers in
the advanced and very advanced maternal age groups were
more likely to be shorter and have overweight and obesity, type
2 diabetes and hypertension. They were also more likely to have
conceived through assisted reproductive technology. The ad-
vanced maternal age group was more likely to be multiparas and
be daily smokers than the reference group and very advanced
maternal age group.

Pregnancy-related characteristics also followed age-related
trends, with the highest incidence of preeclampsia, pregnancy-
induced hypertension and gestational diabetes in the very
advanced maternal age group. Furthermore, 46.0% of those
mothers delivered their babies by Caesarean section, 31.0% by
elective and 15.0% by emergency surgery, compared to 29.8% of
the mothers with advanced maternal age and 22.4% of the moth-
ers in the reference group.

Data on neonatal mortality and morbidity are presented in
Table 2. All the mortality outcomes, namely stillbirth and early
and late neonatal death, were uncommon. However, the rates of
preterm birth, SGA, large for gestational age, low Apgar score
and hypoglycaemia increased with maternal age. The prev-
alence of neonatal sepsis, convulsion of newborns, brachial
plexus injury and shoulder dystocia was all low and similar be-
tween the groups.

3.2 | Logistic Regression Analysis

Advanced and very advanced maternal age were both associ-
ated with increased ORs for stillbirths, total mortality, preterm
birth, SGA and hypoglycaemia, compared to the reference group
(Table 3). This was the case for both the crude and adjusted
models. In addition, advanced maternal age was associated with
low Apgar scores, compared to the reference group. However,
the increased OR for low Apgar scores was not significant in the
adjusted analysis for the very advanced maternal group. The
greatest increases in ORs for both the advanced and very ad-
vanced maternal age groups were observed for hypoglycaemia,
preterm birth, mortality and stillbirth.

Compared with the reference group, a marginal but increased
risk of large for gestational age was observed for infants in the
advanced maternal age group, in both the crude and adjusted
models. It was only seen for very advanced maternal age in the

TABLE 2 | Neonatal mortality and morbidity by maternal age.

35-39 40-44 >45

N=253241 N=55495 N=3485

N %o N % N %

Stillbirth 1058 042 307 0.55 29 0.83
Antepartum 973 0.38 285 051 28 0.80
Intrapartum 85 0.03 22 0.04 1 0.03

Early neonatal 248 0.10 72 013 9 0.26
death

Late neonatal 93 0.04 35 0.06 2 0.06
death

Gestational age (Weeks)
<34 3658 1.4 1072 19 104 3.0
<37 12267 4.8 3393 61 293 8.4
Small for gestational age
Yes 5879 2.3 1603 29 126 3.6
Data missing 362 0.1 118 0.2 6 0.2
Large for gestational age
Yes 10950 4.3 2612 47 192 5.5
Data missing 362 0.1 118 0.2 6 0.2
Apgar score
<7 4352 1.7 1200 2.2 85 2.4
Data missing 1622 0.6 383 0.7 30 0.9

Convulsions of 381 0.2 105 0.2 5 0.1
newborn

Neonatal sepsis 1569 0.6 391 07 20 0.6
Brachial plexus 326 0.1 71 0.1 6 0.2
injury

Shoulder 747 0.3 168 0.3 14 0.4
dystocia

Hypoglycaemia 4783 19 1490 2.7 140 4.0

crude OR model. Moreover, an increased risk of neonatal sep-
sis and convulsions of newborns was only seen in the crude OR
analysis for the advanced maternal age group. There was no
increased risk observed for very advanced maternal age. There
were no significant differences in shoulder dystocia and brachial
plexus injuries between the groups.

4 | Discussion

Thisnationwide study found that the advanced and very advanced
maternal age groups had increased risks of various complications
compared to the reference group. These were stillbirth, total mor-
tality, premature birth, SGA, an Apgar score below seven at 5min
and hypoglycaemia. The ORs were even higher for all significant
outcomes in the very advanced than in the advanced maternal
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TABLE3 | Neonatal outcomes of infants born to mothers of advanced maternal age and very advanced maternal age, to reference group of women

aged 35-39years.

Crude OR (95% CI)

Adjusted® OR (95% Cl)

Very advanced maternal age (>45years)

Stillbirth

Mortality®

Gestational age < 34 weeks
Gestational age < 37 weeks
Small for gestational age
Large for gestational age
Hypoglycaemia

Apgar score <7

Neonatal sepsis
Convulsions of newborn
Shoulder dystocia

Brachial plexus injury

Advanced maternal age (40-44years)

Stillbirth

Mortality®

Gestational age < 34 weeks
Gestational age < 37 weeks
Small for gestational age
Large for gestational age
Hypoglycaemia

Apgar score <7

Neonatal sepsis
Convulsions of newborn
Shoulder dystocia

Brachial plexus injury

2.00 (1.38-2.90)
2.09 (1.52-2.87)
2.10 (1.72-2.56)
1.80 (1.60-2.04)
1.58 (1.32-1.89)
1.29 (1.11-1.49)
2.17 (1.83-2.58)
1.43 (1.15-1.78)
0.93 (0.60-1.44)
0.95 (0.39-2.31)
1.36 (0.80-2.32)
1.34 (0.60-3.00)

1.33(1.17-1.51)
1.35 (1.21-1.51)
1.34 (1.25-1.44)
1.28 (1.23-1.33)
1.25(1.18-1.32)
1.09 (1.05-1.14)
1.43 (1.35-1.52)
1.27 (1.19-1.35)
1.14 (1.02-1.27)
1.26 (1.01-1.56)
1.03 (0.87-1.21)
0.99 (0.77-1.29)

1.80 (1.24-2.61)
1.88 (1.37-2.58)
1.91 (1.56-2.33)
1.68 (1.49-1.90)
1.46 (1.22-1.75)
1.21 (1.05-1.41)
1.82 (1.53-2.17)
1.24 (1.00-1.54)
0.83 (0.53-1.29)
0.85 (0.35-2.05)
1.27 (0.75-2.16)
1.21(0.54-2.71)

1.27 (1.12-1.45)
1.30 (1.17-1.46)
1.32(1.23-1.42)
1.26 (1.21-1.31)
1.26 (1.19-1.33)
1.03 (0.98-1.07)
1.34(1.26-1.42)
1.23 (1.15-1.31)
1.11 (1.00-1.24)
1.23 (0.99-1.52)
0.98 (0.83-1.16)
0.92 (0.71-1.20)

Abbreviations: CI, confidence interval; OR, odds ratio.

2Adjustments for year of childbirth, body mass index, height, use of tobacco and parity.

bStillbirth and neonatal death.

age group. The results indicate that the degree of advanced ma-
ternal age in our study was important for predicting the risk of
adverse neonatal outcomes at a population level.

We found an increased risk of stillbirths in both the advanced
and very advanced maternal age groups compared to the ref-
erence group. Similarly, a meta-analysis by Lean et al. [11] re-
ported an increased risk of stillbirth for mothers aged 35years
and over than those under that age. Advanced maternal age has
been associated with an elevated risk of preeclampsia and SGA.
It has also been suggested that placental insufficiency may have
contributed to the increased risk of stillbirth [11, 16, 17].

The association between advanced maternal age and SGA has
been reported by several national cohort studies of women who

gave birth at higher maternal age, compared to mothers aged
20-29years [11, 12]. Our study also highlights the increased risk
of SGA when mothers aged 40 plus were compared with those
aged 35-39years. This distinction is important, as our findings
suggest that the risk of SGA continued to increase with maternal
age. SGA has been linked to an increased risk of neonatal mor-
tality and morbidity, such as hypoglycaemia, and hypothermia
[18], as well as long-term morbidities like cardiovascular disease
and neurodevelopmental sequelae [18, 19].

The adjusted models in our study also found an increased OR
for preterm birth of 26% and 68% for mothers with advanced
and very advanced maternal age, respectively, compared to the
reference group. These results agreed with previous studies,
by strongly indicating an association between higher maternal
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age and an increased risk of low birth weight and preterm birth
[3, 13, 14]. There might be several explanations for this under-
lying mechanism. Aradhya et al. [13] hypothesised that several
age-related factors, such as inferior oocyte quality, an insuffi-
cient placenta and pregnancy complications, collectively pre-
disposed infants to low birth weights and preterm birth. Other
studies suggested that increased vascular oxidative stress was
the primary cause [3]. In contrast, a study based on the Finnish
population register, which compared maternal siblings, found
that advanced age was not independently associated with the
probability of a low birth weight and preterm birth [20].

In the adjusted models, the increased OR for an Apgar score
below seven at 5min was only significant for the advanced
maternal age group. Previous research has produced conflict-
ing results about the association between low Apgar scores and
advanced maternal age [3, 14, 21]. A decreased Apgar score at
5min has been associated with an increased risk of neonatal
death and a higher risk of cerebral palsy [22-24]. A population-
based Swedish study by Persson et al. [25] concluded that low
Apgar scores were also associated with an increased risk of ce-
rebral palsy and epilepsy across the upper range of Apgar scores
of 7-8 at 5min. This emphasised the importance of the Apgar
scores as predictors of adverse outcomes in large populations.
There have been several factors that have been associated with a
low Apgar score, such as Caesarean sections, low gestational age
and high BMI [26]. Many of the maternal and obstetric factors
in our study were more common in the very advanced maternal
age group than the reference group. This could have been the
cause of the association between Apgar scores below seven at
5min and advanced maternal age.

4.1 | Strengths and Limitations

We believe that this was the first national prospective register
study to focus on the impact of different degrees of advanced
maternal age on neonatal outcomes. It also covered a period
that saw a rising proportion of older mothers. A major strength
of this study was the nationwide population-based design. This
allowed us to provide accurate estimates of rare adverse events
of clinical relevance, such as stillbirth, preterm birth and low
Apgar scores. We were able to include data on risk factors, po-
tential confounders and outcomes collected independently from
one another and without involving the study subjects. This mi-
nimised various types of bias, such as selection and recall bias.

The study also had some limitations. It is important to em-
phasise that using mothers aged 35-39years as the reference
group might have underestimated the effect of advanced ma-
ternal age, as pregnancy complications have been reported
to increase from 35years onwards. A general limitation of
register-based studies is the limited ability to conclude causal-
ity and that was the case with this study. A major limitation
could have been that some outcomes were not registered, such
as certain ICD codes or the use of assisted reproductive tech-
nology. The proportion of missing data for these outcomes is
impossible to determine.

In addition, it should be noted that most childbirths in the
study were among multiparous women: 75.5% of women aged

35-39years, 77.3% of advanced maternal age and 69.9% of very
advanced maternal age. Primiparity has been linked to different
and generally higher risks of adverse neonatal outcomes com-
pared to multiparity [27, 28]. It is important to emphasise that
our study assessed population-based risks facing mothers of
advanced and very advanced maternal age, but did not predict
individual outcomes. However, adjustments were made for par-
ity in the logistic regressions to avoid confounding and thereby
ensure a fairer comparison between the study groups.

Furthermore, no adjustments were made for the use of as-
sisted reproductive technology treatment, as in many other
studies. However, some studies reported an association be-
tween assisted reproductive technology treatments and an
increased risk of preterm birth [6, 29]. There was a consid-
erable difference in the proportion of assisted reproductive
technology treatment in the study groups: 6.7% of women aged
35-39years, 10.6% of those aged 40-44, and 18.0% of those
aged 45 plus. In addition, other studies have reported that the
type of assisted reproduction method influenced pregnancy
complication rates. Oocyte donation has been associated with
the highest risk of adverse outcomes and is believed to be used
more frequently by women of advanced maternal age than by
younger women [29, 30].

5 | Conclusion

Severe adverse neonatal outcomes were not common in our
study, but some risks were significantly higher in mothers
aged 40 plus than those aged 35-39. Some of these can have
critical short-term and long-term effects, such as preterm
births, infants born SGA and Apgar scores below seven at
5min. Using 35-39years as the reference group showed how
risks varied across different maternal age groups. This could
help clinicians provide women planning future pregnancies
with more precise information about the increased risks as-
sociated with varying degrees of advanced maternal age.
These could include the risks of adverse neonatal outcomes
and postponing childbearing. The demographic trends of in-
creasing maternal age will lead to a growing need to look at
how effectively resources are distributed, such as screening of
older mothers and their offspring. Future studies could also
investigate the impact of different assisted reproductive tech-
nology treatments on neonatal outcomes for infants born to
older mothers.
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