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Abstract

Objective

Examine patterns of contraceptive use and contraceptive transitions over time among an
Australian cohort of women through their later reproductive years.

Study design

Latent Transition Analysis was performed using data on 8,197 women from the Australian
Longitudinal Study on Women’s Health’s 1973-78 cohort to identify distinct patterns of con-
traceptive use across 2006, 2012 and 2018. Women were excluded from the analysis at
time points where they were not at risk of an unintended pregnancy. Latent status member-
ship probabilities, item-response probabilities, transitions probabilities and the effect of pre-
dictors on latent status membership were estimated and reported.

Results

Patterns of contraceptive use were relatively consistent over time, particularly for high effi-
cacy contraceptive methods with 71% of women using long-acting reversible contraceptives
in 2012 also using long-acting reversible contraceptives in 2018. Multiple contraceptive use
was highest in 2006 when women were aged 28-33 years (19.3%) but declined over time to
14.3% in 2018 when women were aged 40—45 years. Overall, contraceptive patterns stabi-
lised as the women moved into their late 30s and early 40s.

Conclusions

Although fertility declines with age, the stability of contraceptive choice and continued use of
short-acting contraception among some women suggests that a contraceptive review may
be helpful for women during perimenopause so that they are provided with contraceptive
options most appropriate to their specific circumstances.
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Introduction

In Australia, the rate of unintended pregnancy has been estimated to be as high as 40% with
around one-third of these pregnancies ending with termination [1]. Previous research from
the U.S. has indicated that rates of unintended pregnancy are highest among women aged
under 25 years, followed by women aged 40-44 years [2]. Research in more recent years has
suggested that the rate of unintended pregnancy is increasing for older women [3]. An Austra-
lian population-based survey found that 43% of respondents who reported an unintended
pregnancy in the previous ten years were aged over 30 years [1]. Although women are defer-
ring pregnancy to later ages [4], these studies highlight a potential lack of adequate contracep-
tion counselling for women heading into their later reproductive years (including those in
perimenopause).

To date, much of the research aimed at understanding contraceptive patterns has focused
on younger women [5-8] or relied on cross-sectional data that takes a snapshot of contracep-
tive use at one point in time [9-12]. However, previous work in the U.S. found that women
aged 35-44 years were 3.2 times more likely to be non-users of contraception compared to
women aged 18-24 years over a 12 month period [9]. This suggests that contraceptive use is
not stable across age. In addition, among older women who were contraceptive users, 12%
reported having a gap in contraception despite being at risk of an unintended pregnancy.
However, only a small number of studies have examined longitudinal patterns of contracep-
tion using nationally representative data [6, 13-16], with few including women aged over 30
[14, 16]. No studies have focused on contraceptive combinations among women of older
reproductive age, with samples often focused on either single methods or a primary method
(such as the pill) combined with barrier methods for STI protection [14, 17]. In an Australian
cross-sectional study involving women aged 40-44 years in 2005, 26% reported using the con-
traceptive pill only, 16% reported condom only, 7% reported using long-acting reversible con-
traceptive (LARC) methods only and 3% reported multiple contraception methods [17].
Studies from other high income countries suggest that multiple method use may be much
higher [9, 18, 19] while a recent Australian study focused on women aged 18-23 years showed
the use of 30 distinct contraceptive patterns at the time of last vaginal sex [7].

How women actually use contraception as they transition through and out of their main
childbearing years and what factors influence these transitions is unknown. Further, women’s
risk of unintended pregnancy has been shown to be dynamic, and in order to accurately reflect
contraceptive behaviour, reasons for non-contraceptive use also need to be considered [16]. In
previous contraceptive research, sociodemographic and reproductive health factors have
largely been explored as contributing factors [7, 11, 12, 17, 20].

To better understand the contraceptive practices of women as they transition through their
childbearing years and move towards menopause, this study examined patterns of contracep-
tive use and contraceptive transitions over time among an Australian cohort of women born
1973-78 who have been prospectively followed for over 20 years. This study also examined
baseline characteristics (when aged 28 to 33 years) that may influence contraceptive choices.

Materials and methods
Study design

The Australian Longitudinal Study on Women’s Health (ALWSH) is a prospective cohort
study focussed on the health of Australian women. Surveys began in 1996 and collects data on
women’s demographics, physical and mental health, lifestyle and use of health services. Further
information on the study has been detailed elsewhere [21] and is available at www.alswh.org.au.
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All data for this project were obtained from the ALSWH and approved under their Expression
of Interest process (EOI A787) and provided in de-identified form. Ethics approval was granted
from the University of Newcastle and the University of Queensland’s Human Research Ethics
Committees. All participants provided informed written consent.

Participants

This analysis focused on women born between 1973 and 1978 (known as the 1973-78 cohort).
The 1973-78 cohort was first surveyed in 1996 when aged 18-23 years (N = 14,247), then in
2000 (aged 22-27 years), and every three years thereafter until 2018. Given that the focus is on
contraceptive transitions as women move through their main reproductive years and towards
menopause, women were eligible for this study if: (i) they completed the detailed contraceptive
questions included at Survey 4 (2006, aged 28-33 years), Survey 6 (2012, aged 34-39 years) or
Survey 8 (2018, aged 40-45 years); (ii) were at risk of an unintended pregnancy at any of the
same surveys; and (iii) indicated they had ever had a partner at any of the same surveys (in
order to be able to assess the relationship between violence and contraceptive use). Women
were considered not at risk of an unintended pregnancy if they reported that they did not have
a male sexual partner, were pregnant at the time of survey completion, were trying to become
pregnant, had undergone a hysterectomy, they or their partner were not able to have children,
or if their partner had low or zero sperm count. Based on the eligibility criteria, 8,197 women
were selected for analysis in this study (Fig 1). It is important to note that the risk of unin-
tended pregnancy was dynamic with 2,365, 2,308 and 1,805 women at Surveys 4, 6 and 8
respectively deemed to be not at risk of an unintended pregnancy.

Surveys 4, 6 and 8 were selected for analysis because (i) these time points cover the main
reproductive years for many Australian women, (ii) detailed contraceptive questions were
included in the ALSWH surveys from Survey 4 onwards, and (iii) three time points allowed
for meaningful modelling of transitions without overcomplicating the interpretation. Only
eight women at Survey 4 (0.09%), 47 women at Survey 6 (0.59%), and 261 women at Survey 8
(3.67%) did not complete the contraceptive questions.

Measures

Contraceptive use. Women responded to the question “What forms of contraception do
you use now?”, where they were able to indicate one or more of the following 14 responses

» o«

options: “a combined oral contraceptive pill (The Pill)”, “a progestogen-only oral contraceptive

» «

pill (The Mini Pill)”, “an oral contraceptive pill but I do not know what type”, “condoms”,
“emergency contraception (e.g. morning after pill)”, “an implant (e.g. Implanon)”, “the with-
drawal method”, “a copper intrauterine device”, “a progestogen intrauterine device (e.g. Mir-
ena)”, “an injection (e.g. Depo-Provera)”, “a safe period method (e.g. natural family planning,
rhythm method, Billings method, body temperature method, periodic abstinence)”, “a vaginal
ring (e.g. Nuvaring)”, “another method of contraception” and “no contraception”. In separate
questions, women were asked to indicate whether their partner had had a vasectomy or
whether they had had a tubal sterilisation.

Based on previous research, response options were initially collapsed into eight groups
based on contraceptive efficacy [7]: sterilisation (vasectomy or tubal sterilisation); LARCs, (the
progestogen intrauterine system, the copper intrauterine device and the implant); short-acting
hormonal contraceptives (progestogen-only contraceptive pill, combined oral contraceptive
pill, oral contraception of unknown type, vaginal ring and the injectable); condoms; natural
methods (withdrawal and fertility awareness methods); emergency contraception; other

(another method of contraception); and no contraception.
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ALSWH 1973-78 Cohort
N=14,247

Completed contraceptive questions at
surveys 4,6 or 8
N=10,253

Women were excluded at time points
where they indicated any of the following:

No male sex partner

Trying to become pregnant
Currently pregnant

Cannot have children

Partner cannot have children
Partner low or zero sperm count
Hysterectomy

At risk of an unintended pregnancy at
surveys 4,6 or 8
N=8487

Ever had a partner/spouse at surveys 4, 6 or
8
N=8197

Eligible sample
N=8197

Fig 1. Determination of eligible sample.

https://doi.org/10.1371/journal.pone.0255913.9001

Covariates

The final models included covariates which were hypothesised a priori to be associated with
contraceptive use.

Intimate partner violence (IPV) was measured using the Composite Abuse Scale (CAS)
[22], which has been previously adapted and validated in this cohort of Australian women
[23]. The modified form of the Community CAS (CCAS) used in the 1973-78 cohort is
composed of 28 items that address physical, emotional, harassment and sexual abuse domains.
History of IPV was coded as a dichotomous variable, with women who responded yes to any
of the 28 CCAS items considered to have ever experienced IPV from that time point
thereafter.

Demographic variables included age (in 2006), highest qualification (no formal qualifica-
tion, school certificate/higher school certificate, trade/apprenticeship/certificate/diploma, and
university degree/higher university degree), area of residence classified according to ARIA
+ score (major cities, inner/outer regional, and remote/very remote), relationship status
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(partnered and unpartnered) and employment status (full-time, part-time, or not in paid
work). Health care card status was included as a surrogate measure of socioeconomic status.

Health-related variables included smoking status (current smoker, ex-smoker, and non-
smoker), alcohol consumption (low risk drinker, non-drinker, rarely drinks, and risky/high
risk drinker) [24], history of illicit drug use (ever/never), and body mass index (BMI) based on
World Health Organization guidelines (underweight [<18.5 kg/m?], healthy [>18.5 and <25
kg/mz], overweight [>25 and <30 kg/ m?] and obese [>30 kg/mz]). Due to low frequency of
the underweight category, the underweight and healthy categories were combined for analysis
purposes. Mental health was measured using the SF-36 mental health subscale score [25] with
scores less than or equal to 72 treated as indicative of poor mental health while scores higher
than 72 were used as the reference category [26].

Reproductive health variables included pregnancy history (yes or no) and history of preg-
nancy termination for any reason (yes or no). Parity was also measured and categorised as
zero, one, two, and three or more.

Statistical analyses

Descriptive statistics were used to describe observed contraceptive use at three time points
(2006, 2012 and 2018) as well as sample characteristics at baseline (in 2006). Latent transition
analysis (LTA, [27]) was employed across time to investigate combinations of contraceptives,
changes in combinations of contraceptives over time, and baseline characteristics associated
with combinations of contraceptives. Our exploration of LTA models evaluated between three
to ten potential latent statuses in order to determine the optimal model. Each model had three
time points: Survey 4 (Time 1, 2006), Survey 6 (Time 2, 2012) and Survey 8 (Time 3, 2018).
The optimal model was selected based on the likelihood ratio statistic (G*), the Akaike Infor-
mation Criterion (AIC) [28], the Bayesian Information Criterion (BIC), along with meaningful
clinical interpretability. We also sought to avoid including latent statuses with membership
probabilities of less than 2% as this could lead to numerical problems when estimating the
odds of latent status membership conditional on covariates. Once the optimal model was
selected, we describe the latent statuses (which are unobserved) to reflect the combinations of
contraceptives that best fit the data, as well as describing the probability of transitioning
between latent statuses over time.

The optimal LTA model was extended to include covariates to estimate the odds of latent
status membership at Time 1. Each covariate was entered into a separate LTA model to esti-
mate the association between the covariate and contraceptive use. Estimating the effect of
covariates in an LTA framework was restricted to Time 1 when women were aged 28-33 years.
This approach is preferable to using three time points with a classify-analyse approach, which
does not account for the uncertainty in status classification and thereby reduces the reliability
of any inferences [27].

The LTA software used for this analysis did not support calculation of standard errors and
confidence intervals at the time of publication. Consequently, we employed similar methods to
O’Neill et al. [29] in using a bootstrap approach to obtain confidence intervals for the odds
ratio estimates. We obtained 500 bootstrap datasets by sampling with replacement, and the
LTA model with covariates was applied to each dataset. This allowed standard errors and con-
fidence intervals to be estimated from the resulting bootstrap distribution.

We report the final model’s estimates of the latent status membership probabilities, the
item-response probabilities, the transition probabilities, and the odds of latent status member-
ship condition on covariates. All models used the PROC LTA procedure (The Methodology
Centre, Penn State) available as a plugin to SAS 9.4 software (SAS Institute Inc., Cary, NC).
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Results
Sample characteristics

When ALSWH first recruited in 1996, the women aged 18-23 years at the time were broadly
representative of Australian women of the same age, with slight over-representation of women
with tertiary qualifications. The analysed sample was broadly representative of the entire
ALSWH 1973-78 cohort in 2006, with slight differences observed for history of IPV and rela-
tionship status (S1 Table). In 2006, when the women in the sample were aged 28-33 years,
around one in four women had reported a history of IPV and one in six women were currently
without a partner. Two-thirds of the women were drinking within the recommended guide-
lines, one in five women were current smokers and four in ten women did not participate in
the recommended amount of physical activity. Eight in ten women were in paid work, with
three in ten women working part-time.

Contraceptive use

Short-acting contraception and condoms were the most common forms of contraception
across all three time points, with initial proportions in 2006 of 45.7% and 31.3%, respectively,
but these proportions decreased over time (Table 1). Low use of LARCs was reported in 2006
(5.6%) when women were aged 28-33 years, but this increased to 21.5% by 2018 when they
were aged 40-45 years. A similar trajectory was noted for the use of sterilisation methods. Use
of natural methods was relatively stable over time, only decreasing from 12.9% in 2006 to
11.2% in 2018. Use of other methods was not common at any time point, decreasing from

Table 1. Observed contraceptive use at each survey.

Contraceptive groups Survey 4 (2006) Aged 28-33 Survey 6 (2012) Aged 34-39 Survey 8 (2018) Aged 40-45
N =5387 N =5211 N = 4686
n (%) n (%) n (%)
Condom 1688 (31.3%) 1364 (26.2%) 819 (17.5%)
Short-acting contraceptionA 2463 (45.7%) 1484 (28.5%) 718 (15.3%)
LARCs® 300 (5.6%) 745 (14.3%) 1008 (21.5%)
Natural methods® 695 (12.9%) 695 (13.3%) 527 (11.2%)
Sterilisation methods® 527 (9.8%) 1160 (22.3%) 1542 (32.9%)
Other methods 489 (9.1%) 165 (3.2%) 189 (4.0%)
Emergency contraception 63 (1.2%) 36 (0.7%) 15 (0.3%)
No contraception 350 (6.5%) 495 (9.5%) 581 (12.4%)
Number of contraceptives 0 350 (6.5%) 495 (9.5%) 581 (12.4%)
1 3995 (74.2%) 3882 (74.5%) 3435 (73.3%)
2 962 (17.9%) 778 (14.9%) 646 (13.8%)
3 77 (1.4%) 51 (1.0%) 21 (0.4%)
4 3(0.1%) 4(0.1%) 2(<1%)
5 0 (0.0%) 0 (0.0%) 1 (<1%)
6 0 (0.0%) 1 (<1%) 0 (0.0%)

A Across all three time points, the short-acting category was composed of the oral contraceptive pill (91.5%), minipill (5.8%), vaginal ring (0.8%), and injection (2.4%).
P The long-acting reversible contraceptives (LARCs) category was composed of progestogen-only TUD (64.6%), implant (32.0%), and copper IUD (4.1%) across all time
points.

€ The natural methods category was dominated by the withdrawal method (88.8%) and fertility awareness methods (20.2%).

D The sterilisation category was dominated by vasectomy (80.0%) and tubal sterilisation (20.7%).

Note: Individual contraceptives that make up each category do not add to 100% due to respondents who reported more than one item.

https://doi.org/10.1371/journal.pone.0255913.t001
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9.1% in 2006 to 4.0% in 2018. The proportion of women who reported using no contraception
increased slightly over time (6.5% in 2006 to 11.9% in 2018). Emergency contraception was
reported with very low frequencies across the three time points (0.3% to 1.2%). Given these
low frequencies and the role of emergency contraception being to prevent pregnancy where
contraception has not been used, misused or has failed, emergency contraception was excluded
from the response items used in the LTA analyses.

Contraceptive transitions

We selected the model with six latent statuses as the optimal model as this model was charac-
terised by strong class separation, clear clinical interpretability, and reasonable values of G,
AIC and BIC (S2 Table). This model was used as the basis for all subsequent analyses. Each sta-
tus was dominated by a single contraceptive method with very high probability, but in some
cases additional contraceptive methods were also included with lower probabilities (Table 2).
Note that the values presented in Table 2 relate to the latent (unobserved) contraceptive sta-
tuses, whereas the values presented in Table 1 are the observed contraceptive prevalences. The
first status (denoted as “Natural with other”) was dominated by natural methods (78% proba-
bility) but also included other contraceptive methods (21% probability) with some condom
use (12%). The second status (denoted as “Short-acting with condom”) was dominated by
short-acting methods (100% probability) with slight use of condoms (11% probability). The
third status (known as “Condom with natural”) was characterised by high condom use (100%
probability) with some use of natural methods (16% probability). The fourth status was domi-
nated by sterilisation methods (100% probability) with limited use of other contraceptive
methods (16% probability). The fifth status was dominated by use of LARCs only, and the
sixth status captured the absence of any active contraceptive methods.

When aged 28-33 years, nearly half of women (42%) were estimated to be using short-act-
ing methods with some condom use, with nearly a quarter (24%) estimated to be using con-
doms with natural methods. A further 13% were estimated to be using the “natural with other”
approach to contraception (Table 3). The probability of using LARCs was low when women
were aged 28-33 years (5%), but this increased to 18% by the time women were aged 40-45
years in 2018. The estimated probability of using sterilisation with other forms of contracep-
tion was also low in 2006 (9%) but this probability increased substantially to 33% when
women were aged 40-45 years in 2018. Correspondingly, the estimated probabilities decreased
over time for women using short-acting methods with some condom use, or using condoms
with natural methods, or using a predominantly natural approach to contraception.

For the most part, women were most likely to stay in the same contraceptive status from
one time point to the next. However, women tended to transition to higher efficacy

Table 2. Item-response probabilities for the selected optimal six-status model.

Latent Status
Status 1
Status 2
Status 3
Status 4
Status 5
Status 6

Latent status description
Natural with other
Short-acting with condom
Condom with natural
Sterilisation with other
LARCs

None

LARCs = Long-acting reversible contraceptives

https://doi.org/10.1371/journal.pone.0255913.t002

Item-response probabilities for each status

Condom Short-acting LARCs Natural Other Sterilisation None
0.12 0.04 0.00 0.78 0.21 0.01 0.00
0.11 1.00 0.00 0.03 0.00 0.01 0.00
1.00 0.08 0.01 0.16 0.00 0.02 0.00
0.02 0.04 0.06 0.01 0.16 1.00 0.00
0.03 0.01 1.00 0.00 0.00 0.01 0.00
0.00 0.00 0.00 0.00 0.00 0.00 1.00
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Table 3. Latent status membership probabilities (delta estimates) for six-status model.

Latent Status
Status 1
Status 2
Status 3
Status 4
Status 5
Status 6

Latent status description

Natural with other

Short-acting with condom
Condom with natural

Sterilisation with other

LARCs

None

https://doi.org/10.1371/journal.pone.0255913.t003

Time 1 (2006) Time 2 (2012) Time 3 (2018)

0.13 0.10 0.09
0.42 0.25 0.13
0.24 0.21 0.15
0.09 0.21 0.33
0.05 0.13 0.18
0.07 0.10 0.13

contraception over time. Nearly half the women using LARCs in 2006 (48%) were predicted to
use LARCs again in 2012, while nearly three-quarters of the women (71%) using LARCs in
2012 were predicted to be using the same contraception in 2018 (Table 4). Women using no
contraception in 2006 had a very high probability (72%) that they would move to a different
contraceptive strategy by 2012 (notably towards a predominantly natural approach with a 17%
probability, or towards sterilisation with a 19% probability). However, if using no active con-
traceptive strategy in 2012, women were likely to still be doing that in 2018 (40% probability),
although some women would still transition to natural methods (12%) or to sterilisation with
other contraceptives (15%).

It is important to note that women are only included in the LTA model at time points
where they were at risk of an unintended pregnancy. Women are only assigned to a contracep-
tive latent status at a particular time point if they are at risk of an unintended pregnancy at that
time point. Consequently, the transition probabilities presented in Table 4 are only calculated

Table 4. Status transition probabilities from Time 1 (2006) to Time 2 (2012), and from Time 2 (2012) to Time 3 (2018).

Time 1 (2006) to Time 2 (2012)

Time 2 (2012, aged 34-39)

Natural with Short-acting with Condom with Sterilisation with LARCs | None
other condom natural other
Time 1 (2006, aged 28— | Natural with other 0.32F 0.10 0.11 0.16 021 | 0.11
33) Short-acting with 0.06 0.45t 0.13 0.14 011 | 0.11
condom
Condom with natural 0.06 0.12 0.53% 0.16 0.07 | 0.06
Sterilisation with other 0.00 0.05 0.02 0.87% 0.03 | 0.04
LARCs 0.04 0.15 0.11 0.17 0.48t | 0.05
None 0.17 0.11 0.15 0.19 0.12 0.28
Time 2 (2012) to Time 3 (2018)
Time 3 (2018, aged 40-45)
Natural with Short-acting with Condom with Sterilisation with LARCs | None
other condom natural other
Time 2 (2012, aged 34— Natural with other 0.50F 0.04 0.02 0.17 0.10 0.18
39) Short-acting with 0.04 041+ 0.09 0.17 014 | 0.14
condom
Condom with natural 0.05 0.05 0.51% 0.20 0.12 | 0.07
Sterilisation with other 0.02 0.01 0.00 0.89t 0.02 | 0.05
LARCs 0.03 0.04 0.02 0.15 0.711 | 0.04
None 0.12 0.10 0.11 0.15 0.12 | 0.40F
t transition probability > 0.30
LARCs = Long-acting reversible contraceptives
https://doi.org/10.1371/journal.pone.0255913.t1004
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for women who were assigned a latent status at both relevant time points. For example,
women with a particular latent status at Time 1 but who were not at risk at Time 2 will not
have been included in the calculation of transition probabilities between Time 1 and Time 2.

Predictors of contraceptive use when aged 28-33 years

When investigating which factors were associated with contraceptive status when aged 28-33
years, the status of using short-acting contraceptives with some condom use was chosen as the
reference level as this was the most common status at baseline (latent status membership prob-
ability of 42%, where all women in this status were predicted to use short-acting contraceptives
with an 11% probability of also using condoms).

Women who had a history of IPV had around 50% higher odds for using sterilisation with
other contraceptive methods (OR = 1.57, 95% CI = 1.19, 2.03) or for using LARCs (OR = 1.52,
95% CI = 1.15, 2.00) and a 17% increase in odds for using a predominantly natural approach
(OR =1.17,95% CI = 1.01, 1.38) when compared to women without a history of IPV and rela-
tive to use of short-acting contraceptives and condoms (Table 5).

Increasing age was associated with increased odds of all contraceptive statuses when com-
pared to the default status of short-acting methods used with condoms, with the strongest
effect observed for sterilisation with other contraception choices (OR = 1.44, 95% CI = 1.31,
1.55).

Compared to women with no school qualifications, women with school qualifications had
around 40% lower odds of using sterilisation with other contraceptives (OR = 0.62, 95%

CI = 0.46, 0.84) while women with university qualifications had the lowest odds of using sterili-
sation with other contraceptives in 2006 when aged 28-33 years (OR = 0.13, 95% CI = 0.05,
0.20). We observed a similar association for sterilisation among women with trade/vocational
qualifications (OR = 0.18, 95% CI = 0.11, 0.25). Women living in regional or remote areas had
much higher odds of using sterilisation compared to their counterparts living in major cities
(OR =3.01 and 3.90, respectively).

Unpartnered women were less likely to be using a natural contraceptive approach, or to use
condoms with natural methods compared to using short-acting contraceptive methods with
condoms. Unpartnered women were also observed to have very low odds of sterilisation with
other contraceptives (OR = 0.23, 95% CI = 0.13, 0.39) when compared with short-acting meth-
ods used with condoms. Working full-time was associated with lower odds of all statuses when
compared to the default contraception combination of short-acting methods with condoms.

Current and ex-smokers generally had increased odds of using condoms with natural meth-
ods, sterilisation with other methods, and no contraception when compared to the default
combination of short-acting contraceptive methods with condoms. Similarly, non-drinkers
and rare drinkers generally had increased odds of all contraceptive statuses when compared to
the default combination of short-acting methods with condoms, with particularly strong asso-
ciations for non-drinking with use of condoms with natural methods (OR = 2.19, 95%

CI = 1.53, 3.10) and no contraception (OR = 2.63, 95% CI = 1.77, 3.81).

A BMI in the obese category was associated with a more than two-fold increase in the odds
of using sterilisation with other methods (OR = 2.41, 95% CI = 1.69, 3.27), an over 60%
increase in the odds of using LARCs (OR = 1.61, 95% CI = 1.13, 2.24) as well as in the odds of
no contraception (OR = 1.56, 95% CI = 1.12, 2.06). Women who had ever used illicit drugs
were around 30% more likely to be using no contraception (OR = 1.29, 95% CI = 1.03, 1.68),
while women who had never used illicit drugs were slightly less likely to use sterilisation
(OR=0.73,95% CI = 0.55, 0.94).
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Table 5. Odds ratio estimates of effect of baseline characteristics on latent contraceptive status membership at Time 1 (2006), with short-acting contraceptive meth-
ods with condoms selected as the default/reference contraceptive status.

Natural with other | Condom with natural | Sterilisation with other |LARCs None
Baseline characteristic (in 2006) | N (%)* OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
ABUSE
Intimate partner violence (IPV)
No 3917 (72.7%) | Ref. Ref. Ref. Ref. Ref.

Yes

1291 (24.0%)

1.17 (1.01, 1.38)

1.19 (0.91, 1.48)

1.57 (1.19, 2.03)

1.52 (1.15, 2.00)

1.12 (0.88, 1.45)

DEMOGRAPHICS

Age at baseline (years)

1.10 (1.06, 1.15)

1.29 (1.20, 1.38)

1.44 (1.31, 1.55)

1.13 (1.04, 1.22)

1.19 (1.11, 1.28)

Highest qualification

No formal qualifications

1382 (25.7%)

Ref.

Ref.

Ref.

Ref.

Ref.

School/higher school cert.

1460 (27.1%)

1.08 (0.89, 1.29)

0.98 (0.74, 1.29)

0.62 (0.46, 0.84)

0.97 (0.71, 1.33)

0.92 (0.67, 1.25)

Trade/apprentice/cert./diploma

1729 (32.1%)

1.18 (0.99, 1.40)

0.53 (0.39, 0.70)

0.18 (0.11, 0.25)

0.62 (0.44, 0.87)

0.61 (0.44, 0.87)

University/higher degree

804 (14.9%)

1.18 (0.97, 1.46)

0.70 (0.47, 1.02)

0.13 (0.05, 0.20)

0.56 (0.34, 0.83)

0.76 (0.52, 1.07)

Area of residence

Major cities

2976 (55.2%)

Ref.

Ref.

Ref.

Ref.

Ref.

Regional

2150 (39.9%)

0.78 (0.67, 0.90)

1.80 (1.42, 2.24)

3.01 (2.32,3.94)

1.51 (1.17,1.95)

0.90 (0.71, 1.14)

Remote

184 (3.4%)

0.71 (0.46, 1.12)

1.93 (1.07, 3.17)

3.90 (1.84, 6.19)

1.21 (0.44, 2.17)

1.17 (0.54, 1.98)

Current relationship status

Partnered 4500 (83.5%) | Ref. Ref. Ref. Ref. Ref.

Unpartnered 874 (16.2%) | 0.80 (0.67, 0.95) 0.48 (0.33, 0.64) 0.23 (0.13, 0.39) 0.84(0.57,1.18) | 0.57 (0.43, 0.77)
Work status

Not in paid work 1175 (21.8%) | Ref. Ref. Ref. Ref. Ref.

Part-time 1644 (30.5%) | 0.65 (0.54, 0.78) 0.82 (0.63, 1.08) 0.81 (0.59, 1.13) 0.80 (0.55,1.16) | 0.51(0.38,0.71)

Full-time 2564 (47.6%) | 0.49 (0.40, 0.58) 0.29 (0.22, 0.39) 0.20 (0.14, 0.27) 0.43 (0.30,0.59) | 0.26 (0.20, 0.34)
HEALTH BEHAVIOURS

Smoking status

Non-smoker

3099 (57.5%)

Ref.

Ref.

Ref.

Ref.

Ref.

Ex-smoker

1179 (21.9%)

1.19 (1.00, 1.40)

1.15 (0.87, 1.54)

1.47 (1.06, 2.00)

1.11 (0.76, 1.46)

1.33(1.01, 1.84)

Current smoker

1087 (20.2%)

0.94 (0.80, 1.12)

1.44 (1.09, 1.88)

1.47 (1.05, 2.01)

1.24 (0.87, 1.68)

1.36 (1.00, 1.82)

Alcohol consumption

Low risk drinker

3357 (62.3%)

Ref.

Ref.

Ref.

Ref.

Ref.

Non-drinker

453 (8.4%)

1.55 (1.21, 1.97)

2.19 (1.53, 3.10)

1.51 (0.90, 2.42)

1.77 (1.09, 2.57)

2.63(1.77, 3.81)

Rarely drinks

1345 (25.0%)

1.09 (0.93, 1.29)

1.42 (1.08, 1.79)

1.57 (1.15, 2.06)

1.04 (0.72, 1.38)

1.75 (1.33,2.22)

Risky/high risk drinker

203 (3.8%)

0.80 (0.57, 1.16)

1.29 (0.65, 2.12)

1.14 (0.52, 1.97)

1.39 (0.67, 2.35)

1.29 (0.62, 2.13)

Body mass index

Healthy/underweight 3169 (58.8%) | Ref. Ref. Ref. Ref. Ref.

Overweight 1273 (23.6%) | 1.02 (0.87, 1.19) 0.97 (0.71, 1.25) 1.41 (1.02, 1.84) 1.61(1.21,2.13) | 1.27(0.93, 1.65)

Obese 822 (15.3%) 0.99 (0.81, 1.17) 1.59 (1.14, 2.03) 2.41 (1.69, 3.27) 1.61(1.13,2.24) | 1.56(1.12,2.06)
Ever used illicit drugs

No 2045 (38.0%) | Ref. Ref. Ref. Ref. Ref.

Yes 3297 (61.2%) | 1.10 (0.96, 1.26) 1.02 (0.82, 1.28) 0.73 (0.55, 0.94) 0.96 (0.76,1.24) | 1.29 (1.03, 1.68)
Poor mental health

No 2999 (55.7%) | Ref. Ref. Ref. Ref. Ref.

Yes 2383 (44.2%) | 1.08 (0.95, 1.24) 1.10 (0.87, 1.35) 1.18 (0.91, 1.48) 1.19 (0.93, 1.59) | 0.90 (0.71, 1.13)
REPRODUCTIVE FACTORS
Ever been pregnant

No 2993 (55.6%) | Ref. Ref. Ref. Ref. Ref.

(Continued)
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Table 5. (Continued)

Natural with other | Condom with natural | Sterilisation with other |LARCs None

Baseline characteristic (in 2006) | N (%)* OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Yes 2388 (44.3%) | 1.60 (1.40, 1.83) 0.71 (0.55, 0.93) 0.18 (0.12, 0.26) 0.85 (0.65,1.09) | 2.67 (2.05, 3.44)
Ever had a pregnancy termination

No 4510 (83.7%) | Ref. Ref. Ref. Ref. Ref.

Yes 874 (16.2%) 1.13 (0.94, 1.38) 1.58 (1.20, 2.15) 1.28 (0.90, 1.76) 1.14 (0.79, 1.57) | 1.46 (1.09, 1.95)
HEALTH SERVICE USE
Health care card

No 4687 (87.0%) | Ref. Ref. Ref. Ref. Ref.

Yes 697 (12.9%) 1.21 (0.97, 1.48) 2.05(1.43,2.69) 2.21(1.51,3.02) 2.55(1.79,3.36) | 1.36 (0.96, 1.90)

* Note that column percentages may not add to 100% due to missing values (not shown); parity was not included due to collinearity with pregnancy history.

LARC = Long-acting reversible contraceptives.

https://doi.org/10.1371/journal.pone.0255913.t005

Women who had ever been pregnant were more than twice as likely to not be using any
contraception (OR = 2.67, 95% CI = 2.05, 3.44), had 60% increased odds of using natural con-
traceptive approaches with other methods (OR = 1.61, 95% CI = 1.40, 1.83), and had signifi-
cantly lower odds of using sterilisation with other contraceptives (OR = 0.18, 95% CI = 0.12,
0.26). Women who had ever had a termination were more likely to be using condoms with nat-
ural methods (OR = 1.58, 95% CI = 1.20, 2.15) or no contraception (OR = 1.46, 95% CI = 1.09,
1.95), compared to the default of short-acting contraceptives with condoms. Women with a
health care card were more than twice as likely to be using condoms with natural methods,
LARGC:s or sterilisation, compared to women without a health care card.

Discussion
Main findings

Taking a life course approach to contraceptive use, this study extends current knowledge by
examining contraceptive transitions as women move through their main childbearing years
and towards menopause. By examining all contraceptive combinations for women who were
at risk of an unintended pregnancy at each time point, we were able to provide a more accurate
picture of contraceptive use and non-use among these women. Here, we found that contracep-
tive use was relatively stable across time, with short-acting hormonal contraception and con-
doms the most common contraceptive methods until the women reached 40-45 years when
LARC and permanent contraception became most prevalent. Unlike young women who have
been found to use multiple contraceptive methods at the same act of intercourse, we found
that the majority of women employed one contraceptive method only, and when multiple
methods were employed, they were likely to be of lower efficacy [7]. These findings have
important implications for contraceptive counselling and reproductive life planning for
women of older reproductive age.

Interpretation

Opverall, patterns of contraceptive use were found to be relatively consistent over time, particu-
larly when contraceptive efficacy was high. In contrast to findings from Australian and inter-
national research that demonstrates frequent multiple method use among young women, our
results demonstrate that as women move into their 30s and beyond, their contraceptive pat-
terns appear to stabilise [7, 19]. Multiple contraceptive use in our study was highest in 2006
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when aged 28-33 years at around 19%, with this decreasing over time to around 14% by age
40-45 years. This figure is similar to the cross-sectional examination of Wave 5 of the House-
hold Income and Labour Dynamics in Australia (HILDA) survey [17]. We also found that
when multiple methods were used, they were often of lower efficacy (e.g., condom combined
with natural methods) although use of withdrawal as a contraceptive approach was lower than
that found in other studies [19]. Withdrawal is often used as extra protection against preg-
nancy [19]; given the women in our study were transitioning through, and out of their main
reproductive years and were typically in longer term relationships, they perhaps felt that any
additional protection provided by withdrawal was unnecessary.

While LARC and permanent methods were found to be low in 2006 when the women were
aged 28-33 years, they had the greatest increase in use over the observation period with around
half of the cohort using these methods by age 40-45 years. Although our findings are consis-
tent with the literature which has demonstrated a higher use of permanent contraceptive
methods compared to LARC, in our study a higher proportion of women were using LARC
methods when aged 40 and over [12]. The difference in findings may be due to the study time-
frames with the ASHR?2 data collected in 2012. Since this time, there has been increasing
awareness in Australia regarding the acceptability of LARC across the reproductive life course
and increasing its use among women is now recognised as a key indicator in meeting the pri-
orities of the current National Women’s Health Strategy [30]. These strategies appear to have
had some success. An analysis of the Pharmaceutical Benefits Scheme (PBS) data suggests that
rates of hormonal LARC use doubled between 2006 to 2018, with the highest uptake among
women aged 35-44 [31]. Given that women are deferring pregnancy to later ages and the inter-
val between family completion and menopause is becoming shorter, LARC may be a more
favoured option than sterilisation, with IUDs presenting few contraindications for perimen-
opausal women [32, 33].

Consistent with previous research, we found that women from regional and remote areas
were earlier adopters of both LARC and sterilisation [20]. Those that reported either of these
approaches were highly likely to continue to report using these methods across the observation
period. Interestingly, 80% of sterilisations reported in our sample were via partner vasectomy.
Although vasectomy is recommended due to being a safer procedure and less prone to failure
as compared to female sterilisation, our findings contrast to other Australian research which
found that partner vasectomy declined over time (although it increased within the sterilisation
category) and was less likely to be used by those in remote areas [12, 34]. The high proportion
of vasectomy is encouraging as women who were in the obese BMI category at baseline were
also found to be more likely to use permanent methods of contraception. Women with a BMI
over 30 have been found to be at increased risk of complications during laparoscopic sterilisa-
tion [34].

LARC use was also found to be higher among women who reported being in the overweight
or obese BMI category when aged 28-33 years in 2006. While clinical trials on contraceptive
efficacy often exclude these women, an analysis of the contraceptive CHOICE Project in the U.
S. found that the three-year failure rates of IUDs (both progestogen and copper-based) in
women who were overweight and obese were less than 1 per 100 women-years and failure
rates for the contraceptive implant were even lower [35, 36]. Given the increasing rates of obe-
sity and obesity-related chronic disease in Australia among women of reproductive age, guid-
ance and support regarding safe and effective contraception for these women is paramount
due to the high risk of pregnancy-related complications associated with obesity [37]. While
there is inconsistent evidence regarding the effectiveness of short-term hormonal contracep-
tion in preventing unintended pregnancies among obese women, the development of addi-
tional cardiovascular risk profiles has been found to complicate their use and high-quality
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studies point to the combined oral contraceptive pill being less forgiving of inconsistent use
among women with obesity, compared to those of a healthy weight [38-41].

Around one-quarter of women in the current study reported a history of IPV by age 28-33
years in 2006, with the experience of violence increasing significantly during their childbearing
years [42]. Women who had a history of IPV at baseline had more than 50% higher odds of
using LARC and sterilisation. Similar findings have been reported elsewhere. A U.S. study
found that while women with a history of IPV were more likely to use the most effective con-
traceptive methods as compared to women with no history of IPV, patterns of contraceptive
use varied by length of IPV exposure [43]. Women reporting recent IPV exposure were more
likely to report emergency contraceptive use, and switching their usual method of contracep-
tion, while women with the longest exposure to IPV were more likely to report the use of ‘hid-
den’ contraceptive methods, like LARC and sterilisation. Prior Australian research has found
that women who have experienced IPV were more likely to make autonomous contraceptive
decisions, not use contraception at all or have their partner make the decisions than to make
joint decisions [44]. Here, while women who had a history of IPV at baseline were most likely
to use high efficacy methods, they also had a 17% increase in odds of using natural methods,
demonstrating the complexity of contraceptive use in the context of IPV [45]. Women
experiencing reproductive coercion clearly have specific contraceptive requirements, depend-
ing on the level of surveillance and monitoring they are experiencing [45]. Further research is
therefore required to unpack the relationship between IPV and changes in contraceptive use
across the reproductive life course.

Despite the use of short-acting hormonal contraception and condom use declining over
time, by age 40-45 years 13% and 17% of women were still using these methods, respectively.
These findings are comparable to those reported in the ASHR2 for women aged over 40 [12].
Given the often long and difficult process of finding ‘contraceptive fit’ that women report
experiencing in their 20’s, these women potentially continue to return to methods they know
work for them [46]. Additionally, while women who engaged in lower efficacy contraceptive
methods when aged 28-33 years were likely to continue to use these approaches over time,
these women also had a 20% predicted likelihood of transitioning to no contraception when
aged 40-45 years despite being at risk of an unintended pregnancy. Likewise, although non-
contraceptive users at Time 1 in 2006 had a high probability of transitioning to some form of
contraception (either natural methods or sterilisation), these women also had a 43% predicted
probability of remaining as non-contraceptive users at time point 3. At Survey 8 when the
women were aged 40-45 years 12% of women who were at risk of a future unintended preg-
nancy were not using contraception. Non-contraceptive use in this cohort is more than double
that reported in the ASHR2 and slightly higher than that reported internationally [12, 47]. A
study conducted in the US, for example showed that women aged 35-44 years were 3.2 times
more likely to be non-users of contraception for the entire 12-month observation period com-
pared to women aged 18-24 years [9]. In addition, of the women of older reproductive age
who were contraceptive users, 12% reported having a gap in contraception despite being at
risk of an unintended pregnancy.

Taken together, these findings point to a significant issue regarding the need for the provi-
sion of contraceptive care for women of older reproductive age. Short-acting hormonal contra-
ception such as the combined oral contraceptive pill (which drove short-acting contraception
in this study) and condoms have been found to be the prime methods used at the time of an
unintended pregnancy and this pattern has been found to persist for women across the repro-
ductive life course [1, 5]. Both women and men of all ages hold misperceptions surrounding
fertility and perhaps this is a driver of inconsistent effective contraceptive use when aged over
40, although further research is warranted [48]. While women are deferring pregnancy to later
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ages and the median age of menopause is 51 years, pregnancy is still possible for women over
40 despite lower fecundity and time to conception compared to younger women [49]. Preg-
nancies over the age of 40 carry significant maternal and neonatal risks including increased
risk of chromosomal abnormalities, miscarriage and premature delivery as compared to youn-
ger women [50]. Although Australia lacks formal guidelines around the provision of contra-
ception in later reproductive years, guidelines developed by the Faculty of Sexual and
Reproductive Healthcare in the UK suggest that women over the age of 40 should be informed
that effective contraception is still required until after menopause to prevent unintended preg-
nancies [51].

In addition, women of older reproductive age may experience perimenopausal symptoms
that could be effectively managed with contraceptives [33]. We therefore support Bateson and
McNamee’s recommendation regarding the importance of contraceptive review for safety and
appropriateness during perimenopause [33]. Despite their high efficacy and suitability for
most women (including perimenopausal women), there are currently limited LARC options
available on the Australian market; only the 52 mg levonogestrel IUD and etonogestrel subder-
mal implant are subsidised under Australia’s PBS (a 19.5 mg levonogestrel IUD was intro-
duced onto the PBS in March 2020, although its lower hormone dose and smaller size is
considered a particular benefit for young, nulliparous users). A copper IUD is also available,
however this method is not subsidised and women are required to bear the cost (approxi-
mately AUD 100), despite this method being not only the most effective non-hormonal
method available, but also a method suitable for women of advanced reproductive age and
those that have contraindications to hormonal contraception (e.g., breast cancer) [33, 51]. We
add our support to calls for the copper IUD to be subsidised in Australia to facilitate greater
uptake among those who would benefit from its use [52].

Alongside availability, choice of contraceptive method has been found to be linked to sev-
eral factors, including lack of knowledge of LARC among both women and their providers
[53-55]. Ensuring women have access to accurate information regarding all their contracep-
tive options is vital to facilitating contraceptive choice, as is providing education for general
practitioners who are often the first point of contact for contraceptive advice [56]. Further
compounding access issues, a lack of clinical training in LARC insertion has also been identi-
fied as a barrier to increasing LARC use [56]. Increasing LARC training among clinicians,
including through the implementation of nurse (and midwife)-led models of care, is crucial to
meeting the sexual and reproductive health goals of women across their reproductive life
course. Research has demonstrated the suitability of registered nurses and midwives as well as
nurse/midwife practitioners to undertake contraception and family planning services includ-
ing LARC insertion and removal [56]. With LARC as an indicator for the success of priority 1
of the 2020-2030 Women’s Health Strategy, funding models that include Medicare provider
numbers for nurses and midwives may assist with increasing access and affordability of LARC
for women of all ages [57].

Strengths and limitations

The longitudinal nature of the data and ability to examine women’s contraceptive patterns
over time is a particular strength of the study. In addition, we were able to examine a compre-
hensive set of contraceptive methods and apply statistical techniques to accurately identify
contraceptive combinations. This improves on previous research which has often examined
contraception using hierarchical approaches (highest efficacy) or applied pre-determined con-
traceptive patterns [5, 6, 9-11]. A further strength our study was that we accounted for women
not being at risk of an unintended pregnancy at each of the time points. Here, we found 4,806
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women (49.6%) were not at risk of an unintended pregnancy for at least one of the time points
across the observation period and these women moved in and out of being ‘at risk’ depending
on the time point. While researchers acknowledge the need to restrict samples to those at risk
of unintended pregnancy, few have accounted for the dynamic nature of risk in longitudinal
research [10, 16, 58].

Despite this, our study had a few limitations. Firstly, contraceptive use was examined at
three time points, six years apart. We were therefore not able to identify contraceptive switch-
ing between these periods. Although evidence suggests younger women switch their con-
traceptive methods relatively frequently, few have explored the frequency of method switching
among older reproductive aged women [59]. However, findings presented here suggest a stabi-
lisation in contraceptive method use as women age. Additionally, a limitation of the LTA soft-
ware was that we were unable to simultaneously adjust for multiple covariates. As a result,
each covariate was entered into separate models. It is possible that this approach may have
introduced some confounding between covariates, thereby biasing the estimates of baseline
characteristics on latent status membership at time 1. Given that women had to have been at
risk of an unintended pregnancy at one or more of the time points examined, only 58% of the
original cohort (N = 14,247) who completed the baseline survey in 1996 were included in the
analysis. However, these women were found to be largely comparable on sociodemographic
and health factors to the original cohort (which was found to be demographically representa-
tive of similarly-aged women in the Australian population except for over-representation of
tertiary educated and Australian-born women); and is one of the largest samples examining
contraceptive transitions over time. As we were focused on women who were at risk of a future
unintended pregnancy, we acknowledge that some women who were ineligible due to preg-
nancy may have experienced an unintended pregnancy. Likewise, we cannot discount that
some women who indicated having no sexual partner may have engaged in casual sex and did
not disclose this. It is also possible that some women may have undergone non-surgical early
menopause and were therefore not at risk of an unintended pregnancy, but this information
was not available in the survey data. Lastly, as we dichotomised the history of IPV at each time
point into yes or no, we did not capture the full nuance of these experiences which may have
influenced contraceptive decision-making.

Conclusion

Extending on current knowledge regarding contraceptive use among women as they move
through their reproductive years and towards menopause, this study showed that contracep-
tive use stabilises over time, with women often switching to more effective methods as women
age. We also demonstrated that contraceptive use varies by sociodemographic characteristics,
with geographical location, obesity and history of IPV all impacting contraceptive choices.
Although fertility declines with age, the stability of contraceptive choice and continued use of
short-acting contraception among some women suggests that a contraceptive review may be
helpful for women during perimenopause so that they are provided with contraceptive options
most appropriate to their specific circumstances.
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