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Abstract

Objective: To investigate the impact of maternal age on singleton pregnancy outcome, taking into account intermediate and confounding

factors.

Study design: In this population-based retrospective cohort study, perinatal data of primiparous women aged 35 years or more (n = 2970),

giving birth to a singleton child of at least 500 g, were compared to data of primiparous women aged 25–29 years old (n = 23,921). Univariate

analysis was used to assess the effect of maternal age on pregnancy outcomes. The effects of intermediate (hypertension, diabetes and assisted

conception) and confounding factors (level of education) were assessed through multivariable logistic regression analysis.

Results: Older maternal age correlated, independently of confounding and intermediate factors, with very preterm birth (gestational age<32

weeks) [adjusted odds ratio (AOR) 1.51, 95% confidence intervals (CI) 1.04–2.19], low birth weight (birth weight<2500 g) (AOR 1.69, 95%

CI 1.47–1.94) and perinatal death (AOR 1.68, 95% CI 1.06–2.65).

Conclusion: Maternal age is an important and independent risk factor for adverse pregnancy outcome.

# 2006 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Maternal age has been repeatedly scrutinized as a

putative risk factor for adverse pregnancy outcome [1–7].

Though the preponderance of these studies tend to indicate

that women of advanced (�35 years) and high (�40 years)

maternal age do incur a significantly increased risk of

obstetric complications and interventions, it has also been

argued that current evidence on the association between

maternal age and perinatal outcome remains largely clouded

by age-related confounding factors [5,8–10]. Type II

diabetes and hypertension show an incremental increase

with advancing maternal age and therefore act as mediating

variables on the pathway between age and pregnancy

outcome [5]. In this manner, it remains unclear how much

maternal age itself contributes to poor pregnancy outcome

rather than age-related co-morbidity. This perspective

encouraged us to investigate the effect of confounding

(level of education) and mediating variables (hypertension,

diabetes, mode of conception) in the relationship between

maternal age and pregnancy outcome.

2. Materials and methods

Data were obtained from the existing computer files of a

regional population-based perinatal database, the Flemish

Study Centre for Perinatal Epidemiology (SPE) [11]. For

each newborn of at least 500 g, an official and coded

perinatal form was completed (most often by the midwife)

and sent to the SPE, where all data were controlled by an
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error detection program and feedback was provided [12]. A

qualitative assessment of SPE-data showed that there was

less than five percent discrepancy between electronic data

and data from medical files. Data concerning education of

the mother were obtained through linkage of the medical

birth certificates of the SPE with official birth declarations.

All primiparous women aged 35 years or more and all

primiparous women between 25 and 29 years old, who

delivered a singleton baby with a birth weight of at least

500 g between January 1, 2002 and December 31, 2003 were

included in this cohort study. The control group was defined

as the age-group 25–29 years old, because this was the

category with the largest number of births in Flanders (the

mean age at first delivery in Flanders is 27.7 years). Because

of the intrinsic risks of multiple pregnancies, this study was

restricted to singleton pregnancies. The following variables

were analysed: maternal age as independent variable, mode

of conception, hypertension in pregnancy and diabetes in

pregnancy as intermediate variables, level of education as

confounding variable, induction of labour, epidural anaes-

thesia, mode of delivery, maternal mortality, position of the

child, gestational age, birth weight, congenital malforma-

tion, intubation, transfer to a neonatal unit and perinatal

mortality as dependent variables.

The protocol of this study was approved by the

institutional review board of the University Hospital, Ghent.

Maternal age was defined as the age at the time of delivery.

The age of 35 or older was considered as advanced maternal

age. Mode of conception was registered as ‘spontaneous’,

after ‘artificial induction of ovulation’ (AIO) or through

‘assisted reproductive techniques’ (ART). In the multivariate

analysis, we adjusted for the differential effects of AIO and

ART on the outcomes assessed. For the variables ‘hyperten-

sive disorders during pregnancy’ and ‘diabetes during

pregnancy’, the data did not allow to make a distinction

between chronic or pregnancy induced hypertension, nor

between the different types of diabetes. Maternal education

was handled as an indicator for socio-economic status.

Though there are numerous parameters to assess socio-

economic status, education has consistently been found as the

most valid indicator for SES [13]. Education level was

classified into two categories: women who went to school

until the age of 15 years or less as the lower educated category,

the other women were considered as the higher educated

category. Delivery before 37, 32 or 28 completed weeks of

gestation was defined as preterm birth, very preterm birth and

extreme preterm birth, respectively. Macrosomia was defined

as birth weight exceeding 4000 g. Birth weights lower than

2500, 1500 or 1000 g were defined as low birth weight, very

low birth weight and extreme low birth weight, respectively.

In the variable ‘birth weight’, no distinction was made

between preterm and small for gestational age (SGA)

children. SGA was defined as a birth-weight-for-gesta-

tional-age below the 10th percentile according to customized

birth weight for gestational age—curves for this population,

accounting for sex of the child.

Univariate analysis (x2-test) was used to examine the

effect of maternal age on pregnancy outcome, crude odds

ratios (OR) and 95% confidence intervals (CI) were

obtained. To examine the role of intermediate factors

(hypertensive disorders in pregnancy, diabetes in pregnancy

and mode of conception), or confounding factors (level of

education) in the relationship between maternal age and

pregnancy outcome, logistic regression analysis (enter

mode) was performed. Thus, adjusted odds ratios (AOR)

and 95% confidence intervals were calculated for maternal

age and potential intermediate or confounding factors in

relation to pregnancy outcome. Levene’s test was performed

to check for unequal distributions in birth weight between

older and younger mothers. Since the Levene’s test showed

an unequal distribution in the birth weights of children of

older versus younger mothers, the Welch’s t-test was

performed. This test takes unequal variances into account

and resulted in a P-value < 0.001. The box plots for birth

weights show a more or less equal distribution, but with

many outliers in both age-groups. Because of these outliers,

a Mann–Whitney U-test comparing the medians was

performed, also resulting in a P-value < 0.001.

Goodness-of-fit has been calculated for each model, P-

values range from 0.339 to 0.973, proving the logistic

regression models are adequate.

Possible interaction effects were explored between

intermediate/confounding variables and maternal age. All

analyses were performed using the statistical package SPSS

12.0 (SPSS Inc., Chicago, IL).

3. Results

In 2002–2003, the SPE registered 118,094 deliveries of

neonates �500 g. Out of these, 2970 (2.5%) were singletons

in primiparae �35 years and 23,921 (20.2%) singletons in
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Table 1

Maternal characteristics by age

Age 25–29 years (n = 23,921) Age �35 years (n = 2970) P-value

Assisted conception 954 (4.0%) 398 (13.4%) <0.001

Artificial induction of ovulation 570 (2.4%) 125 (4.5%) <0.001

Assisted reproductive technology 383 (1.6%) 273 (9.2%) <0.001

Hypertension during pregnancy 1586 (6.6%) 258 (8.7%) <0.001

Diabetes during pregnancy 270 (1.1%) 74 (2.5%) <0.001

Lower education (until age of 15 years) 1476 (6.2%) 273 (9.2%) <0.001
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women between 25 and 29 years. Patient characteristics of

both age-groups were summarized in Table 1. In older

women, pregnancy was more likely to be obtained by

assisted conception (P < 0.001). Compared with younger

primiparae, older women were more likely to suffer from

risk factors in pregnancy, such as hypertension and diabetes

(P < 0.001). Older primiparae enjoyed significantly more

often higher education (P < 0.001).

Table 2 summarizes the effect of maternal age on adverse

outcomes of pregnancy.

After adjusting for hypertension, diabetes, mode of

conception and level of education, rates of most adverse

outcomes remained significantly higher in older primi-

parae. In particular, we found increased rates of very

preterm birth (AOR 1.51, 95% CI 1.04–2.19), extreme

preterm birth (AOR 1.97, 95% CI 1.06–3.67), low birth

weight (AOR 1.69, 95% CI 1.47–1.94), very low birth

weight (AOR 1.62, 95% CI 1.15–2.28), extreme low birth

weight (AOR 2.14, 95% CI 1.29–3.56) and perinatal death

(AOR 1.68, 95% CI 1.06–2.65) in primiparae of advanced

maternal age, after controlling for intermediate and

confounding factors. There was a higher caesarean section

rate in older primiparae (30.2% versus 18.6%, AOR 1.78,

95% CI 1.62–1.95). Congenital malformations were not

more common in children of older primiparae, compared

with children of the younger age-group (AOR 1.06, 95% CI

0.79–1.43).

The effect of confounding and intermediate variables in

the relation maternal age–outcome, are found in Table 3.

Hypertension during pregnancy seemed to be an important

intermediate factor in the relation maternal age–pregnancy

outcome, especially for all categories of preterm birth and

low birth weight. Low level of education had an important

impact on most pregnancy outcome variables as well.

Interactions between maternal age and confounding/

intermediate variables were explored. For the outcome

‘induction of delivery’ we found a significant interaction

between ‘hypertension during pregnancy’ and ‘maternal

age’ and between ‘diabetes during pregnancy’ and

‘maternal age’. In hypertensive women, the odds to have

an induced delivery is 0.68 in older versus younger

primiparae. In non-hypertensive women, the odds to have

an induced delivery is 1.06 in older versus younger

primiparae. In diabetic women, the odds to have an induced
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Table 2

Outcome according to maternal age, accounting for hypertension during pregnancy, diabetes during pregnancy, mode of conception and level of education

(crude OR, adjusted OR and 95% confidence intervals) for 2002–2003

Age 25–29 years

(n = 23,921)

Age �35 years

(n = 2970)

Crude OR and 95% CI or

P-value

Adjusted OR and 95% CI

or Adjusted P-valuea

% %

Induction of delivery 29.1 30.0 1.05 (0.96–1.14) 1.01 (0.93–1.10)

Epidural anesthesia 72.0 74.4 1.12 (1.03–1.23) 1.11 (1.02–1.21)

Duration of gestation

Mean gestational age in days (�S.D.) 272.5 (�12.4) 271.8 (�14.8) <0.01 0.363

Preterm birth (<37 weeks) 7.1 8.8 1.26 (1.10–1.44) 1.14 (0.98–1.33)

Very preterm birth (<32 weeks) 0.8 1.3 1.76 (1.24–2.49) 1.51 (1.04–2.19)

Extreme preterm birth (<28 weeks) 0.2 0.6 2.64 (1.53–4.58) 1.97 (1.06–3.67)

Mode of delivery

Vaginal delivery 62.4 48.0 0.56 (0.52–0.60) 0.57 (0.53–0.62)

Forceps or vacuum 19.0 21.8 1.19 (1.08–1.30) 1.19 (1.08–1.30)

Cesarean section 18.6 30.2 1.89 (1.73–2.05) 1.78 (1.62–1.95)

Non-vertex presentation 6.3 8.2 1.34 (1.16–1.54) 1.35 (1.17–1.55)

Small for gestational age

(birth weight <10th percentile)

7.9 12.0 1.59 (1.41–1.79) 1.53 (1.39–1.77)

Birth weight

Mean birth weight (�S.D.) 3282.4 (�515.0) 3203.7 (�588.6) <0.001 <0.001

Low birth weight (<2500 g) 5.6 9.7 1.80 (1.58–2.06) 1.69 (1.47–1.94)

Very low birth weight (<1500 g) 0.8 1.6 1.93 (1.40–2.65) 1.62 (1.15–2.28)

Extreme low birth weight (<1000 g) 0.3 0.8 2.70 (1.70–4.29) 2.14 (1.29, 3.56)

Macrosomia (>4000 g) 6.6 5.9 0.89 (0.76–1.05) 0.89 (0.76–1.04)

Congenital malformation 1.6 1.8 1.12 (0.84–1.49) 1.06 (0.79–1.43)

Intubation 0.7 1.4 1.95 (1.38–2.74) 1.86 (1.32–2.62)

Transfer to neonatal unit 17.3 23.2 1.44 (1.32–1.58) 1.34 (1.22–1.48)

Perinatal death (%) 4.8 9.4 1.95 (1.29–2.96) 1.68 (1.06–2.65)

Fetal death 0.4 0.7 2.04 (1.28–3.27) 1.69 (0.99–2.87)

Early neonatal death 0.1 0.2 1.67 (0.69–4.02) 1.71 (0.70–4.20)

Maternal mortality (%) 0.1 0.3 2.69 (0.28–25.83) 2.20 (0.23-21.25)

a Adjusted for mode of conception, hypertension during pregnancy, diabetes during pregnancy and level of education.



delivery is 0.38 in older versus younger primiparae. In non-

diabetic women, the odds to be induced is 1.06 in older

versus younger women. The higher risk for induction of

delivery in hypertensive and diabetic younger women can

possibly be explained through the higher proportion of acute

pre-eclamptic and type I diabetes patients in this population,

compared to more chronic hypertensive disease and type II

diabetes in older primiparae. No other clinically relevant

interactions were found.

4. Comment

Even after adjusting for hypertension, diabetes, level

of education and mode of conception, maternal age

proved an independent risk factor for adverse pregnancy

outcome.

This study was based on a large sample size and is one of

the few population-based studies. In addition, it was possible

to adjust for intermediate and confounding factors. Only a

small number of previous studies corrected their data for

mode of conception [4].

Limitations of our study include that data concerning

gravidity, body mass index (BMI), smoking habits and other

variables that may interact in the relation maternal age–

pregnancy outcome, were not available [1,4,14–16]. Further-

more, it is possible that there was a better diagnosis of

complications in older women since they might be monitored

more thoroughly [17]. Finally, in this database, women were

known to be hypertensive during pregnancy or not. No

distinction could be made between chronic hypertension and

pre-eclampsia. It would be recommendable for birth registers

to enter data that distinguish between new-onset complica-

tions and chronic diseases. Also, additional inventory of

anthropometric variables (BMI, weight gain during preg-

nancy) are of interest to the study of pregnancy outcome.

In general, the results of our univariate analysis support

the findings of earlier studies [1,2,6,18,19]. Assisted

conception [20], caesarean section [4,5,17,21–25], preterm

birth [3,6,7,26], low birth weight [2,10], intensive neonatal

care [17,19,27] and perinatal death [4,6] were more common

in primiparae of advanced maternal age. Surprisingly, the

incidence of congenital malformations at birth was not

significantly higher in older primiparous women. Other
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Table 3

Outcome of pregnancy in relation to maternal age: the effect of selected intermediate variables and confounders (adjusted OR and 95% confidence intervals)

Mode of conception Hypertension Diabetes Low education

P–valuea Adjusted ORb Adjusted ORc Adjusted ORd

Induction of delivery NS 3.16 (2.87–3.48) 1.48 (1.18–1.84) NS

Epidural anesthesia NS 1.51 (1.34–1.70) 1.41 (1.07–1.84) 1.15 (1.03–1.29)

Duration of gestation

Gestational age in days P < 0.01 P < 0.001 P < 0.001 P < 0.001

Preterm birth (<37 weeks) P < 0.05 3.32 (2.90–3.79) 1.58 (1.12–2.22) 1.34 (1.12–1.59)

Very preterm birth (<32 weeks) NS 4.57 (3.30–6.32) NS 2.50 (1.69–3.68)

Extreme preterm birth (<28 weeks) NS 4.36 (2.42–7.86) NS 3.26 (1.72–6.19)

Mode of delivery

Vaginal delivery NS 0.59 (0.53–0.65) 0.60 (0.48–0.75) 0.80 (0.73–0.89)

Forceps or vacuum NS NS NS NS

Cesarean section P < 0.001 1.84 (1.64–2.05) 1.92 (1.51–2.45) 1.25 (1.11–1.40)

Non-vertex presentation NS 0.69 (0.55–0.86) NS NS

Small for gestational age

(birth weight <10th percentile)

NS 1.82 (1.58–2.11) NS 1.34 (1.14–1.57)

Birth weight

Mean birth weight NS P < 0.001 NS P < 0.001

Low birth weight (<2500 g) NS 3.88 (3.40–4.45) NS 1.61 (1.35–1.91)

Very low birth weight (<1500 g) NS 6.35 (4.78–8.45) NS 2.60 (1.82–3.73)

Extreme low birth weight (<1000 g) NS 7.20 (4.59–11.28) NS 2.97 (1.71–5.16)

Macrosomia (>4000 g) NS 0.75 (0.61–0.93) 1.83 (1.30–2.59) NS

Congenital malformation NS NS NS 1.67 (1.22–2.29)

Intubation NS 3.85 (2.77–5.34) NS NS

Transfer to neonatal unit NS 2.31 (2.08–2.56) 2.42 (1.92–3.04) 1.33 (1.18–1.49)

Perinatal death NS 1.80 (1.04–3.10) NS 4.17 (2.74–6.35)

Foetal death NS NS NS 4.00 (2.45–6.53)

Early neonatal death NS NS NS 4.66 (2.08–10.48)

Above mentioned OR’s and P: values are obtained from the original multivariate analysis model.
a Adjusted for maternal age, hypertension, diabetes and education.
b Adjusted for maternal age, assisted conception, diabetes and education.
c Adjusted for maternal age, assisted conception, hypertension and education.
d Adjusted for maternal age, assisted conception, hypertension and diabetes.



authors came to the same conclusion [3]. Ales et al. assigned

this outcome to the intense screening of the older population,

followed by interruption of pregnancy [8]. Thanks to

screening, the incidence of congenital malformations and

stillbirth have decreased firmly during the last decades [28].

As the incidence of maternal mortality is low in Flanders,

we did not reach a significant difference in comparing

maternal mortality rates in older to younger primiparae. The

frequency of maternal mortality was nevertheless higher in

older primiparae, as has been reported earlier [1,29].

Our data, as well as results of previous studies [1,2,5,6,27],

show pregnancy complications to occur more frequently in

women of advanced age. This observation has led to the

hypothesis that adverse outcome in older primiparae was

attributable to the higher incidence of complicated pregnancy

in these women [5,8–10]. Our data show maternal age to be

responsible for unfavourable outcomes even after controlling

for pregnancy complications, such as hypertension and

diabetes. The effect of low level of education or hypertension

on pregnancy outcome can however not be denied. Our

multivariate model shows that hypertensive women run three-

fold higher odds for preterm birth and three to four-fold higher

odds to deliver a child of low birth weight. Since the risk to

develop hypertension ascends with age, older mothers run a

double jeopardy: the possibility to acquire hypertension and

the risks inherent to maternal age.

Pregnancy and childbirth are increasingly ‘‘medicalised’’

events [30], especially in older primiparae. Conception in

older primiparae is more likely a consequence of assisted

reproduction, maternal age has an adverse impact on the

gestational age and birth weight of the child and older

mothers have higher risks to deliver by means of caesarean

section. Hence, the trend to delayed childbearing is an

increasingly important public health concern. Potential

interventions to reduce adverse pregnancy outcome related

to maternal age could include patient education: awareness

of the special risks in pregnancy at older age is useful in

younger women who tend to postpone motherhood. At the

level of public authorities, also the design of a more family-

friendly environment may be helpful in the motivation of

young couples to consider starting a family earlier.
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