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Abstract

Background: Pregnancy in older women is of great relevance, particularly in developed countries where many
women experience pregnancy late in the childbearing age.
Methods: A hospital-based data analysis of 9506 delivery records from 1998 to 2003 at the Liverpool Women’s
Hospital was undertaken to assess pregnancy outcomes in older women of reproductive age.
Results: Overall, 2.4 % of mothers were �40 years of age (advanced), 5.6% were �20 years (adolescents), and
92% were between 20 and 40 years. The prevalence of low birthweight (LBW), preterm birth, and small for ges-
tational age by maternal age category followed a U-shaped curve with nadirs in the middle age classes. The
gestational age of older mothers was 1 week shorter than that for women aged 26–30 years (p � 0.005). Prim-
iparaes �40 years were at higher risk for delivering a LBW (9.4% vs. 5.3%, p � 0.005) or a very preterm baby
(8.9% vs. 4.4%, p � 0.001) than were multiparous mothers of the same age. There was an association between
maternal advanced age and LBW (adjusted OR [AOR], 1.7, 95% CI 1.4-2.5, p � 0.001), preterm birth (AOR 1.4,
95% CI 1.1-2.4, p � 0.04), or very preterm birth (AOR 1.6, 95% CI 1.2-3.5, p � 0.002) after controlling for pre-
natal alcohol and smoking exposure, household deprivation, maternal anemia, obesity, parity, and single par-
enthood.
Conclusions: Pregnancy in older women is associated with adverse birth outcomes, particularly in primi-
gravidas. Increased health promotion is required to highlight the risk of adverse birth outcomes in women who
become pregnant for the first time in the late childbearing years.
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Introduction

HAVING A BABY LATE IN LIFE is now an accepted norm in
industrial societies.1 Advanced maternal reproductive

age is often considered to occur in women �40 years, al-
though inequalities in birth outcomes are reported in women
�35 years. Developments in contraception and obstetric care
as well as greater equality in the workplace have shifted the
age distribution of the female population of reproductive age
and influenced the timing of childbearing in these commu-
nities.2 In the United States, fetal anomalies, delivery prior
to 34 weeks, and stillbirth have been reported to be twice as
common in advanced age women as in young or mature
adults3; �13% of all births are to women �35 years, and 22%
of these births are to primigravidas.4 A large study of
1,282,172 live singleton births between 1980 and 2000 in Scot-

land reported that inequalities in adverse birth outcomes, in-
cluding low birthweight (LBW), were almost 4 times higher
in mothers aged � 35 years compared with younger moth-
ers.5

Although older mothers are expected to be well informed
and have greater knowledge about labor and its complica-
tions,2 delayed childbearing may be harmful for the mother
or fetus, especially when associated with other behavioral
factors. These include psychosocial issues,6 smoking prac-
tices,7–9 alcohol exposure,10, stress,11 and late primiparity or
grand multiparity.12 These factors may be compounded by
employment conflicts or low educational standards in areas
of social deprivation. The contributions of cardiovascular
disease, diabetes, and obesity to late-life pregnancies have
been reported.13–15 Adverse pregnancy outcomes in older
mothers could in part relate to increased morbidity and ob-
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stetric problems during pregnancy and delivery,16 although
the exact mechanisms underlying these greater risks for ad-
verse birth outcomes among older mothers remain poorly
understood.

Although the association between maternal age and preg-
nancy outcome has been partially explored through com-
munity surveys,17–19 the role of parity has been little stud-
ied. This study examined the correlation of maternal age as
an independent factor for adverse birth outcomes in a U.K.
population from Liverpool. Many previous studies of this
aspect of reproductive health have used U.S. data.3,12,13,20

The present study examines this association for a U.K. pop-
ulation with a high prevalence of maternal smoking in preg-
nancy and substantial social deprivation. It was hypothe-
sized that older primigravidas would be at increased risk for
adverse birth outcomes.

Materials and Methods

This was a hospital-based retrospective analysis of 9506
birth registry records in the Liverpool Women’s Hospital be-
tween 1998 and 2003, as birth registry data were only avail-
able from 1998 onward. The first 500 live singleton birth
records for the first 3 months of each year were analyzed as
a representative sample of the birth registry data for the pe-
riod of collection. Those with multiple pregnancy, diabetes,
eclampsia, and preeclampsia were excluded.

Data were available on maternal body weight and hemo-
globin concentration at first antenatal visit, as well as ma-
ternal age, parity, ethnicity, fetal sex, gestational age, and
birthweight. The information on prenatal smoking and al-
cohol exposure were obtained from the hospital booking
form. Maternal age was grouped by 5-year class intervals
into adolescents (�20 years), adults (20–25 years, 26–30
years, 31–35 years, 36–40 years), and women of advanced
age (�40 years).

A smoker was defined as self-reported smoking of at least
one cigarette per day during pregnancy and alcohol expo-
sure as self-reported consumption of at least one unit of al-
cohol per week during pregnancy. Gestational age was taken
as the number of completed weeks of gestation based on the
estimated delivery date as determined by the date of the last
normal menstrual period (LMP) and confirmed by ultra-
sound examination. LBW was classified as �2500 g, very
LBW as �1500 g, preterm birth as �259 days (37 weeks) ges-
tation, and very preterm birth as �35 weeks gestation. Small
for gestational age (SGA) was defined as birthweight � 10th
percentile of the birthweight-for-gestational ages sex-specific
curve.21 Maternal anemia was defined as a hemoglobin level
at booking of �11 g/dL, grand multiparity as maternal par-
ity � 5, overweight as a body mass index (BMI) between 25
and 29, and obesity as a BMI � 30 kg/m.2,22 Townsend de-
privation score was used to assess household deprivation,
and values ��6 were considered as deprived.23,24

Continuous variables were summarized using means and
standard deviations (SD). Probability values were two-tailed,
with a significance level of �0.05. Chi-square, Fisher’s exact,
ANOVA, and Bonferroni tests were used as appropriate to
compare birth outcomes by maternal age classes. Backward
stepwise logistic regression was used to determine the associ-
ation of maternal age, LBW, and preterm birth, controlling for
prenatal alcohol and smoking exposure, household depriva-
tion, maternal anemia, obesity, parity, and single parenthood,
which showed a significant association in univariate analysis.

The study was approved by the Liverpool Women’s Hos-
pital and the Liverpool School of Tropical Medicine Research
Ethics Committee.

Results

A total of 9506 births were available. Mean age � SD was
29 years � 6. Overall, 32% of mothers smoked during preg-
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TABLE 1. MATERNAL CHARACTERISTICS

Maternal age classes

�20 20–25 26–30 31–35 36–40 �40 p
Characteristics, % n � 534 n � 2299 n � 2557 n � 2596 n � 1216 n � 229 valuea

Overweightb 18.0 10.7 22.2 34.9 31.1 23.1 0.01
Obesec 10.7 2.6 7.8 26.1 15.4 19.9 0.01
Anemia 44.3 33.3 27.6* 28.9 32.1 36.0 0.01
Primiparous 99.6 89.4 78.1 71.9 57.8 42.8 �0.001
Multiparousd 0.4 10.6 21.7 27.2 41.0 50.0 �0.001
Grand multiparouse 0.0 0.0 0.2 0.9 1.2 7.2 �0.001
Pregnancy smoking 46.2* 33.4* 26.6 25.3 24.4 24.0 �0.001
Prenatal alcohol use 26.6* 29.8 32.0 34.0 33.5 33.6 0.005
Smoking and alcohol 17.9 17.0 13.3 10.6 9.9 12.5 �0.001
Nonwhite ethnicity 4.9 4.3 3.9 2.5 1.6 4.5 0.09
Household deprivationf 14.0* 12.5* 17.4* 9.7 18.5 6.1 0.12
Unemployment 36.5 29.2 19.1 22.0 17.3 21.0 0.07
Single parent 29.5 19.2 17.5 16.2 9.7 11.2 0.04

ap � 0.001, linear association.
bBMI 25–29 kg/m2.
cBMI � 30 kg/m2.
dParity � 2.
eParity � 5.
fTownsend score � �6.
*p � 0.005, differences with �40 years (chi-square).



nancy, and 33.1% reported prenatal alcohol exposure. For all
ages, mean birthweight (� SD) was 3344 g (� 640), gesta-
tional age was 276 days (� 21) (39.4 weeks), and hemoglo-
bin at booking was 11.4 g/dL (� 1.3).

Table 1 summarizes maternal characteristics by age class.
The proportion of mothers �40 years of age who reported
pregnancy smoking was lower than the proportion of moth-
ers �25 years of age. The prevalence of maternal anemia sig-
nificantly decreased from 44.3% in adolescents to 36.0% in
advanced age mothers (p � 0.001), with the lowest preva-
lence among mothers aged 26–30 years (27.6%). More ado-
lescents than mothers aged �40 lived in low socioeconomic
households (14.0% vs. 6.1%, p � 0.001), and more adolescents
were unemployed or single mothers.

Birth outcomes by maternal age class are summarized in
Table 2. Mothers of advanced age delivered lighter babies
compared with those 26–40 years of age. The mean birth-
weight differences were 162 � 94 g compared with those
36–40 years, 191 � 55 g compared with those 31–35 years,
and 140 � 42 g compared with those 26–30 years (all differ-
ences, p � 0.05). Mean gestational age was shorter in ad-
vanced age (273 � 23 days) (39.0 weeks) compared with
adults aged 26–30 years (279 � 19 days) (39.8 weeks) (p �
0.05), although it was similar to that for adolescents (274
days) (39.1 weeks). The prevalence of SGA was higher in
mothers �40 years compared with those aged 26–30 or 31–35
years (both p � 0.005).

The prevalence of LBW and preterm birth and SGA by
maternal age category follows a time-dependent, U-shaped
curve with nadirs in the middle-age classes. The lowest point
for LBW or preterm birth was observed for mothers aged
26–30 years (Fig. 1).

Among 229 women of advanced age, 74 were primiparas,
and their babies were 233 g (� 92) lighter than babies of mul-
tipara of the same age (p � 0.01). The prevalence of LBW was
significantly higher for primiparous women of this age com-
pared with multiparas (9.4% vs. 5.3%, p � 0.005). There were
no differences between these parity groups for gestational

age or prevalence of preterm birth. Compared to multiparas
aged �40 years, primiparas in the same age group were less
likely to be unemployed (14.2% vs. 30.1%, p � 0.001) and less
likely to be of lower socioeconomic status (5.5% vs. 12.7%,
p � 0.02). They were also more likely to deliver a very
preterm baby (8.9% vs. 4.4%, p � 0.001) (Table 3).

A backward stepwise logistic regression analysis showed
an association between maternal advanced age and LBW (ad-
justed OR [AOR], 1.7, 95% CI 1.4-2.5, p � 0.001), preterm
birth (AOR 1.4, 95% CI 1.1-2.4, p � 0.04), or very preterm
birth (AOR 1.6, 95% CI 1.2-3.5, p � 0.002), controlling for pre-
natal alcohol and smoking exposure, household deprivation,
maternal anemia, obesity, parity, and single parenthood
(Table 4).

Discussion

This was a hospital-based retrospective analysis under-
taken in Liverpool using a large sample of birth registries.
The sample was representative, as the Liverpool Women’s
Hospital is the main delivery facility in this area covering al-
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TABLE 2. BIRTH OUTCOMES BY MATERNAL AGE CATEGORY

Maternal age classes

�20 20–25 26–30 31–35 36–40 �40
Birth outcome n � 534 n � 2299 n � 2557 n � 2596 n � 1216 n � 229

Mean BWa � SDb 3216 � 689 3310 � 607 3344 � 629* 3395 � 642* 3366 � 681* 3204 � 587
Mean GAc � SD 274 � 26 277 � 21 279 � 19* 274 � 20 274 � 24 273 � 23
Mean GA, weeks 39.1 39.6 39.9 39.1 39.1 39.0
LBW, % 10.5 6.7 6.0** 6.8 7.9 9.8
Very LBWd, % 5.2 2.9** 3.1** 2.8** 3.7 4.9
Preterm, % 12.5 8.1 8.0** 9.2 10.9 12.3
Very preterme, % 7.4 6.4 4.3** 4.4** 6.3 5.7
SGAf, % 2.7 2.4 1.9** 1.7** 1.6** 4.0
M/Fg sex ratio 0.97 1.1 1.1 0.98 0.96 0.94

aBirthweight (g).
bSD, standard deviation.
cGestational age (days).
dBirthweight �2000 g.
e�35 weeks gestation.
fSmall for gestational age.
gMale/female.
*p � 0.005, differences with �40 years (Bonferroni); **p � 0.005, differences with �40 years (chi-square).

FIG. 1. Prevalence of adverse birth outcomes by maternal
age category.



most all deliveries in this catchment population. As data col-
lection was limited to the first 3 months of each year, sea-
sonal factors may have influenced pregnancy outcomes. We
have previously reported an increasing prevalence of ado-
lescent pregnancies during this period and an increased
prevalence of pregnancy smoking in adolescents.25 The pres-
ent study addressed risk characteristics of advanced mater-
nal age as an independent factor associated with adverse
pregnancy outcomes, with emphasis on parity-specific asso-
ciations. The number of women �40 years of age was rela-
tively small compared to other age categories, and this re-
sulted in larger confidence intervals for birthweight and
gestational age. Nevertheless, pregnancy in advanced age
was associated with LBW and preterm delivery independent
of parity.

We found that maternal advanced age was an indepen-
dent factor associated with LBW and preterm birth out-
comes. Primiparas �40 years of age were at higher risk for
delivering a LBW baby than multiparous women of the same
age. After controlling for prenatal alcohol and smoking ex-
posure, household deprivation, maternal anemia, obesity,
parity, and single parenthood, advanced maternal age re-
mained an independent factor associated with these preg-
nancy outcomes. These findings are consistent with those of
other studies. A large Italian study (n � 3,616,622) has shown
that compared with 20–29-year-old mothers, those aged
30–35 years were at increased risk of preterm birth (OR 1.3,

95% CI 1.2-1.4), and this risk estimate increased to 1.9 (1.8-
2.1) for women �35 years.16 A retrospective analysis of
22,985 births in the United States between 1995 and 2003 re-
ported that delivery prior to 34 weeks was twice as common
in women �35 years of age compared with younger moth-
ers, after excluding women with other indications for an-
tepartum testing or fetal anomalies.3 The LBW risk estimates
associated with maternal age �35 years were 5.3% (95% CI,
4.7-6.0) among African Americans, 4.3% (95% CI 1.7-6.9)
among Puerto Ricans, and 3.7% (95% CI 2.8-4.5) in Mexican
Americans, compared with 2.6% (95% CI 2.4-2.7) in non-His-
panic whites.26 In the present sample, only a small propor-
tion of births were nonwhite, although these increased
slightly among women �40 years of age (p � 0.09) (Table 1).
The prevalence estimates for LBW (9.8%) and preterm birth
(12.3%) in women �40 years in the present study were higher
than for previously published reports from the United States.
The level of risk in this population and the clinical signifi-
cance are considerable in terms of perinatal health and mor-
bidity. The U.S. studies are typically much larger, with more
diverse populations.27 The Liverpool sample represents
many women from lower socioeconomic areas with chronic
smoking histories, and although the statistical analysis ad-
justed for social deprivation and prenatal smoking, this may
not adequately control for chronic health changes that result
from past smoking and environmental exposures. The gen-
eralizability of the study may be limited for these reasons,
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TABLE 3. BIRTH OUTCOMES AND MATERNAL CHARACTERISTICS

BY PARITY IN MOTHERS AGED �40 YEARS

Primiparas Multiparas
Birth outcomes n � 74 n � 153 p valuea

Mean birthweight (g) 3169 � 607 3402 � 699 0.01
Mean gestational age (days) 272 � 22 273 � 22 0.8
LBW, % 9.4 5.3 0.005
Very LBWb, % 7.3 2.8 �0.001
Preterm birth, % 13.2 11.4 0.1
Very preterm birthc, % 8.9 4.4 �0.001
SGA, % 1.7 2.0 0.6
Single parenthood 7.4 4.8 0.12
Unemployment 14.2 30.1 0.001
Low socioeconomic statusd 5.5 12.7 0.02

aIndependent sample t test or chi-square.
bBirthweight �2000 g.
cDelivery before 35 weeks gestation.
dTownsend score � �6.

TABLE 4. ODDS RATIO FOR ADVERSE BIRTH OUTCOMES IN MOTHERS AGED �40 YEARSa

Odds ratio (95% CI)

Outcome Crude Adjustedb

Low birthweight 2.6 (1.7–3.0), p � 0.001 1.7 (1.4–2.5), p � 0.001
Preterm birth 1.9 (1.3–3.0), p � 0.01 1.4 (1.1–2.4), p � 0.04
Very preterm birth 2.2 (1.5–4.2), p � 0.001 1.6 (1.2–3.5), p � 0.002
Small for gestational age 1.6 (1.1–2.5), p � 0.05 1.4 (0.6–3.5), p � 0.4

aWomen aged 20–40 are the reference group.
bControlling for prenatal alcohol and smoking exposure, anemia, household deprivation, obesity,

parity, and single parenthood.



and analyses of comparative U.K. birth registries are re-
quired to further assess these results.

The contribution of advanced paternal age on fetal birth
outcomes has also been considered by others. The increased
risk of multiple birth with increased paternal age indepen-
dent of parity has been reported, although paternal age was
not a risk factor for LBW or preterm birth.28 Data abstracted
from birth records compiled in North Dakota among Native
American and Caucasian infants from 1978 to 1992 showed
that maternal and paternal age both had a U-shaped effect
on preterm birth. However, although the risk for preterm
birth was increased for both teenage mothers and fathers,
the risk was also significantly increased only for mothers be-
tween the ages of 36 and 40 and older than 40. There was
also a U-shaped relationship between LBW and parental 
age, with a statistically significant difference between age
groups.29 The age-dependent U-shaped association, which
frequently is encountered for morbidity and mortality stud-
ies,30 was observed for adverse birth outcomes in this study.
Recognition of the lowest risk point in the U-shaped associ-
ation could be emphasized as the preferred maternal age cat-
egory for optimizing maternal and fetal health.

The biological mechanisms causing increased LBW and
preterm birth in older women are unclear. A recent study on
triplets born to older mothers showed an increased likeli-
hood for stillbirths in women aged � 40 years compared
with younger mothers (20–29 years), although the prevalence
of neonatal, perinatal, and infant mortality was lower in the
older mothers.31 A population-based study of 15,795 single-
ton live births between 1995 and 1997 in the United States
showed that older smokers had significantly higher fetal
morbidity, suggesting that advanced maternal age increased
smoking-associated fetal morbidity independent of preg-
nancy smoking.32 Mothers of advanced age are more likely
to take medication and have a medical disorder, such as
arthritis, chronic hypertension, depression, cancer, or myo-
cardial infarction, which are independent risk factors for fe-
tal growth restriction.33

Increased alcohol consumption during pregnancy has
been associated with low socioeconomic status and de-
pression,11 which could influence pregnancy outcome, but
in this sample, women over 40 years reported a similar
drinking pattern to those aged 26–40 years. In this study,
primiparous women were significantly more likely to be
employed and to be of higher socioeconomic status than
multiparas. These mothers may have delayed their first
pregnancy to accommodate occupation and social lifestyle.
Heavy and binge drinking during pregnancy is more com-
mon in mothers from disadvantaged backgrounds, and
light drinking is more common in those of higher socioe-
conomic status.23,25,34 Socioeconomic status and parity did
not account for the higher frequency of adverse birth out-
comes among older women, however, and other biological
mechanisms may be involved.35 Furthermore, this study
showed a peak prevalence of anemia (44.3%) among ado-
lescents (�20 years), followed by mothers aged �40 years,
which could influence perinatal outcomes in these age
groups. The prevalence of preterm delivery and LBW, re-
spectively, is reported as 4 times and 1.9 times increased
among anemic women.36

These results are limited because of the lack of infor-
mation on medical interventions, including fertility treat-

ments and quality of antenatal care, and by misclassifica-
tion due to maternal self-reporting of alcohol and smok-
ing exposure during pregnancy in the absence of reliable
laboratory biomarkers.37 Underreporting may be a conse-
quence of the social stigma of these exposures in preg-
nancy.

In conclusion, the prevalence of pregnancy late in life was
associated with a high prevalence of adverse birth outcomes,
particularly in primigravidas. Increased health promotion is
required to highlight the risk of adverse birth outcomes in
women who become pregnant for the first time in the late
childbearing years.
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