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Abstract: The aim of this article is to determine whether the age of a

woman at first birth is associated with treatment for high blood pressure

(HBP) later in life.

Baseline data for 62,914 women were sourced from the ‘‘45 and Up

Study,’’ an observational cohort study of healthy aging in Australia.

These women had given first birth between the ages of 18 and 45 years.

Odds ratios and 95% confidence intervals for the association between

age that a woman gave first birth and treatment for HBP were estimated

using logistic regression. Data were stratified by current age (<60 and

�60 years) and adjusted for demographic and lifestyle factors.

There was a significant association between age at first birth and

present day HBP. Older age at first birth was associated with a lower

likelihood of HBP in women aged 25 to<35 years and 35 to 45 years at

first birth (in women currently<60 years) and 35 to 45 years at first birth

(in women currently �60 years of age), compared with women aged 18

to <25 years at first birth, adjusting for demographic and lifestyle

factors.

Women who were older when they gave first birth had lower odds of

treatment for HBP compared with women who were younger when they

gave birth to their first child. The contribution of a woman’s pregnancy

history, including her age at first birth, should be discussed with a patient

when assessing her risk of HBP.

(Medicine 94(16):e697)

Abbreviations: BMI = body mass index, CI = confidence interval,

OR = odds ratio.

INTRODUCTION

C ardiovascular diseases, including hypertension, are the
leading cause of death in developed countries. High blood

pressure (HBP) is a major contributor to an individual’s risk of
developing other cardiovascular diseases including atheroscle-
rosis, myocardial infarction, and stroke. Risk factors for hyper-
tension include a positive family history, high body mass index
MBBS, PhD, and Christine L. Chiu, PhD

compared with men, during early adulthood, but the prevalence
of hypertension in females exceeds that of men in older adults.1

Recent studies have shown that female-specific activities,
including lactation,2 HBP during pregnancy,3 and use of meno-
pausal hormone therapy (MHT),4,5 are all associated with
altering a woman’s likelihood of having HBP in later life.

A number of physiological changes occur during normal
pregnancy that place increased stress on the cardiovascular
system, with the uterus and placenta consuming >20% of a
woman’s cardiac output.6 Despite these changes, a woman’s
arterial pressure decreases during midpregnancy,7,8 which is
accompanied by a dilation of her microvasculature. The long-
term consequences of these acute changes to a woman’s car-
diovascular system are relatively unknown. Studies have shown
that the age a woman is when she gives first birth is associated
with longevity, with the age at first birth higher in women who
live longer.9 Many other studies, over many decades, have
shown an association between the age a woman is when she
first gives birth and her subsequent risk of cancer, with younger
primiparous women having a decreased risk of future cancer.10–

13 No studies have investigated whether a woman’s age at first
birth alters her likelihood of future HBP.

The present study aimed to investigate the relationship
between the age at first birth and prevalence of HBP using
observational data from the 45 and Up Study, Australia.

MATERIALS AND METHODS
Data was obtained from women who were recruited from

the 45 and Up Study. The methods for the study have previously
been described elsewhere.14 Briefly, the 45 and Up Study is a
large-scale cohort study of healthy aging that involves 267,153
men and women aged�45 years from the general population of
New South Wales, Australia. Participants were randomly
selected from the Australian National Universal Health Insur-
ance Database (Medicare). The participants were enrolled into
the study by consenting to and completing a baseline ques-
tionnaire (available at www.saxinstitute.org.au/our-work/45-
up-study/) and giving consent for long-term follow-up through
data linkage and repeat data collection. People aged �80 years
and residents of rural and remote areas were oversampled. Study
recruitment commenced in January 2006 and was completed in
April 2009. Ethical approval for the 45 and Up Study was
obtained from the University of NSW Human Ethics Committee
and the current study was also approved by the University of
Western Sydney Human Research Ethics Committee.

All of the data used in this study were acquired from the 45
and Up Study baseline questionnaire. Women were included in
this study if they were of age �45 years, had given birth
between 18 and 45 years of age, had not had a hysterectomy
d, were not diagnosed with HBP prior to
d were not diagnosed with HBP during
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Eligible women 

n = 69 983 

Women who: 

Responded no to having had a hysterectomy or both ovaries removed 

Were not diagnosed with high blood pressure prior to 45 years of age 

Were not diagnosed with high blood pressure while pregnant 

Had given birth to their first child between the ages of 18 and 45 years 

Excluded 

n = 7069 

Women who had missing or invalid data for  the following: 

• Age of high blood pressure diagnosis 

• How many children have you given birth to 

• Family history of high blood pressure 

Women who had been told they have high blood pressure, 
but were not being treated for high blood  pressure 

Women included in analysis 

n = 62 914 

Age of first birth 

18 to <25 years 

n = 28 039 

Age of first birth 

25 to <35 years 

n = 31 178 

Age of first birth 

35 to 45 years 

n = 3697 

Current 
Age <60 

n = 13 623 

Current 
Age <60 

n = 19 297 

Current 
Age <60 

n = 2769 

Current 
Age ≥ 60  

n = 14 416 

Current 
Age ≥ 60 Age ≥ 60 

n = 11 881 

Current 

n = 928 

Ineligible women   

n = 73 086 

All women  

n = 143 069 

FIGURE 1. Participants included in the study.
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TABLE 1. Sociodemographic Factors Associated With Age at First Birth

Age at First Birth
(% Within Column)

Characteristics Groups Cases, N (%) 18–24 25–34 35–45 b (95% CI); P Value
�

Current age, y <60 35,689 (57) 49 62 75 Ref
�60 27,225 (43) 51 38 25 �0.20 (�0.24 to �0.16); P< 0.001

Origin Australia 47,055 (75) 77 74 66 Ref
Other 15,306 (24) 22 25 33 0.18 (0.14 to 0.21); P< 0.001

Income <$30K 15,940 (25) 31 21 20 Ref
$30–$70K 15,591 (25) 25 25 23 0.26 (0.21 to 0.30); P< 0.001
$70Kþ 15,163 (24) 15 31 38 0.83 (0.78 to 0.88); P< 0.001
Undisclosed 16,220 (26) 29 24 19 0.15 (0.09 to 0.21); P< 0.001

Family history (HBP) No 31,293 (50) 51 49 49 Ref
Yes 31,621 (50) 49 51 51 �0.01 (�0.04 to 0.02); P¼ 0.61

BMI <25 29,214 (46) 41 50 55 Ref
25–30 18,440 (29) 31 28 25 �0.24 (�0.27 to �0.20); P< 0.001
30þ 10,160 (16) 19 14 12 �0.42 (�0.46 to �0.37); P< 0.001

Smoking Never 40,831 (65) 64 66 60 Ref
Past 17,592 (28) 27 28 34 �0.06 (�0.10 to �0.03); P¼ 0.001
Current 4209 (7) 8 5 6 �0.56 (�0.63 to �0.49); P< 0.001

Alcohol (per week) <1 drink 23,617 (38) 42 34 34 Ref
1–5 17,400 (28) 26 29 29 0.14 (0.10 to 0.18); P< 0.001
6–10 12,753 (20) 18 22 23 0.20 (0.16 to 0.25); P< 0.001
11þ 7768 (12) 12 13 14 0.12 (0.07 to 0.18); P< 0.001

Physical Insufficient 19,454 (31) 33 29 30 Ref
Sufficient 43,460 (69) 67 71 70 �0.05 (�0.08 to 0.01); P¼ 0.01

MHT use Never 43,436 (69) 65 72 78 Ref
Ever 18,176 (29) 33 26 21 �0.27 (�0.31 to �0.23); P< 0.001

Number of children 1 6922 (11) 6 11 50 Ref
2 25,775 (41) 33 48 42 �1.28 (�1.33 to �1.22); P< 0.001
3 18,568 (30) 34 28 6 �1.94 (�2.00 to �1.88); P< 0.001
4þ 11,649 (18) 28 12 2 �2.49 (�2.56 to �2.42); P< 0.001

Breastfed Yes 55,208 (88) 86 89 87 Ref
No 6767 (11) 12 9 11 �0.35 (�0.40 to �0.30); P< 0.001

BMI¼ body mass index, CI ¼ confidence interval, HBP¼ high blood pressure, MHT¼menopausal hormone therapy, Ref¼Reference group.
BP
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Women were defined as being treated for HBP if they
answered ‘‘Yes’’ to the question ‘‘In the last month have you
been treated for: HBP.’’ Women were excluded if they answered
‘‘Yes’’ to ‘‘Has a doctor ever told you that you have: HBP—
when not pregnant,’’ but were not being treated for HBP; they
failed to provide an age of onset for HBP; they provided invalid
data for family history; or they provided invalid data for the
number of children they had given birth to in their specified age
range (Figure 1).

Classification of demographic and lifestyle characteristics
have been described elsewhere.5 Briefly, for ‘‘Country of
Birth,’’ participants were classified according to whether they
had been born in Australia or overseas. Physical activity levels
were assessed using questions from the Active Australia Survey,
including the number (and duration) of moderate, vigorous, and
walking activities. Weighted weekly average physical activity
duration was calculated, with vigorous activity receiving twice
the weighting of moderate or walking activity, and was cate-

�
Adjusted for current age, country of origin, income, family history of H

MHT, number of children, and whether a woman breastfed.
gorized into sufficient (>150 min/wk) or insufficient levels.15,16

Participant data was stratified into 2 age categories (<60 and
�60 years) using the median age of the cohort as the cut point.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
Age at first birth was stratified into 3 categories (18 to <25; 25
to <35; and 35 to 45 years).

Statistics
Ordinal logistic regression was used to determine the

association between age at first birth and sociodemographic
variables. Binary logistic regression was used to generate odds
ratios (ORs) and 95% confidence intervals (CIs) for the associ-
ation between age at first birth and HBP in later life. Both crude
and adjusted ORs were calculated and descriptions refer to
adjusted ORs unless otherwise specified. Owing to the known
association between HBP and aging, women were stratified
according to age using the median age as the cut point (<60 and
�60 years) when testing the association between age at first
birth and HBP in later life. ORs were adjusted for current age (as
a continuous variable), country of origin, income level, BMI,
smoking status, alcohol consumption, physical activity, family

, BMI, smoking status, alcohol consumption, physical activity, history of
history of HBP, history of MHT, number of children, and
whether a woman breastfed. Categories for each covariate have
been previously described.5 An additional category for missing
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values was included for variables with missing data. All stat-
istical tests were 2-sided, using a significance level of P< 0.05.
All statistical analyses were carried out using SPSS software
version 20 (IBM Corp, Armonk, NY).

RESULTS
A total of 62,914 women were included in the analysis.

There was an association between present day demographic and
lifestyle factors and the age a woman gave first birth. Women
who were of an older age when they gave first birth were more
likely to be currently <60 years of age; have been born outside
Australia; have a higher present day income; have a lower BMI;
have never smoked; consume more alcohol per week; be less
physically active; have never used MHT; have had less children;
and to have breastfed (adjusting for all other demographic and
lifestyle factors in the model). There was no association
between having a family history of HBP and the age a woman
gave first birth (Table 1).

The prevalence of treatment for HBP decreased as a
woman’s age at first birth increased with 16.0% of women
reporting current HBP if they gave birth between the ages of 18
and <25 years; 11.9% reported HBP if they gave birth between
the ages of 25 and<35 years; and 7.5% of women reported HBP
if they gave birth between the ages of 35 and 45 years.

Once stratified by current age, there was a significant
association between age at first birth and present day HBP in
women <60 years of age (25 to <35 category: crude OR 0.68,
95% CI 0.62 to 0.74, P< 0.001; 35 to 45 category: crude OR
0.41, 95% CI 0.33 to 0.52, P< 0.001; compared with women
aged 18 to 25 years at first birth). There was also a significant
association between age at first birth and present day HBP in
women �60 years of age (25 to <35 category: crude OR 0.94,
95% CI 0.88 to 0.99, P¼ 0.02; 35 to 45 category: crude OR

Lind et al
0.79, 95% CI 0.67 to 0.93, P¼ 0.005; compared with women
aged 18 to 25 years at first birth). After adjusting for lifestyle
and demographic factors, a significant association remained in

0.1 0.5 1

18 to <25 yrs, n = 13,623 

25 to <35 yrs, n = 19,297 

35 to  45 yrs, n = 2769 

Odd

FIGURE 2. Age at first birth and high blood pressure in women aged 4
confidence intervals (CIs), adjusted for current age, country of or
consumption, physical activity, family history of high blood pressure
and whether a woman breastfed.
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women<60 years of age in the 25 to<35 category and 35 to 45
category (Figure 2), and in women�60 years of age in the 35 to
45 year category (Figure 3), with increased age at first birth
associated with a decreased likelihood of present day HBP.

DISCUSSION
This study aimed to investigate the association between a

woman’s age at first birth and her likelihood of having HBP in
later life. Women who gave birth to their first child between 25
and 45 years had a lower likelihood of present day treatment for
HBP compared with women who gave birth to their first child
between the ages of 18 and <25 years. This association
remained after stratifying by current age and adjusting for
demographic and lifestyle factors.

These analyses were carried out in Australia’s largest study
of aging individuals, the 45 and Up Study. A limitation of the
study is that the data used was self-reported and may be prone to
recall bias. The causal nature of the association cannot be
determined as the data were cross-sectional. One possible
explanation for the findings is that women who were older
when giving birth to their first child were more likely to be
healthier and in a high socioeconomic group, demonstrated by
significantly higher present day incomes, significantly lower
levels of obesity, and a significantly lower prevalence of
smoking (Table 1). These women were, however, less likely
to have sufficient levels of physical activity and were more
likely to consume >1 alcoholic drink per week. After adjusting
for all variables outlined in Table 1 in the statistical modeling,
the association remained significant for both women aged <60
years of age and women �60 years of age.

This is the first study to show an association between the age
at first birth and the likelihood of treatment for HBP in later life. A
number of studies have examined the effects of pregnancy on

Medicine � Volume 94, Number 16, April 2015
longer term cardiac status and it has been postulated that preg-
nancy leads to a favorable effect on future potential cardiovas-
cular disease.17 There are several large-scale population studies

2.0 .0 

Reference 

OR 0.62 (95% CI 0.49-0.80)  P<0.001 

OR 0.89 (95% CI 0.81-0.99)  P=0.02 

s Ratio 

10.0 

5 to <60 years. Data are presented as odds ratios (ORs) and 95%
igin, income level, body mass index, smoking status, alcohol
, history of menopausal hormone therapy, number of children,
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OR 0.95 (95% CI 0.90-1.02)  P=0.15 

18 to <25 yrs, n = 14,416 

25 to <35 yrs, n = 11,881 

35 to  45 yrs, n = 928 

Reference 

OR 0.82 (95% CI 0.68-0.98)  P=0.03 

Odds Ratio 

0.1 2.0 0.5 1.0 10.0 

FIGURE 3. Age at first birth and high blood pressure in women aged �60 years. Data are presented as odds ratios (ORs) and 95%
f or
sure
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that show there is a disadvantage in a higher number of preg-
nancies and increased interpregnancy interval on long-term
hypertension and cardiovascular risk.18 This includes data in
Aboriginal communities in Australia18 showing that >3 preg-
nancies predisposes to hypertension and heart disease, a finding
also seen in the large-scale Swedish population linkage studies.19

Pregnancy favorably not only affects systemic vascular resistance
and cardiac output but also induces changes in lipid profiles that
may be atherogeneic.20 The cardiovascular adaptation to preg-
nancy is a profound one with possible long-term consequences.
This study shows that the older a woman is when she gives first
birth (up to 45 years of age) is associated with a reduced like-
lihood of future HBP. Detrimental effects of pregnancy on
cardiovascular health may be more evident in women who first
gave birth at a younger age (18 to 25 years), as they spend a greater
proportion of their life as a parous woman, and therefore there is a
longer period of time for any long-lasting effects of pregnancy to
become evident. Previous studies have linked increased longevity
to an older age at first birth.9 Increased longevity may, in part, be
attributed to a lower likelihood of HBP in this same set of women.

These results provide further evidence that a woman’s
pregnancy history is important when calculating her likelihood
of future cardiovascular disease, specifically HBP. The contri-
bution of a woman’s pregnancy history, including her age at
first birth, should be discussed with a patient when assessing
hypertension risk.
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