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Abstract
Estimates of the causal effects of hormonal contraceptives on psychological outcomes are
likely distorted by contraceptive discontinuation (including starting or stopping a method and
switching between methods) because of side effects. Few studies examine contraceptive
discontinuation and most are based on correlational cross-sectional data. The literature
suggests method- and sexuality-related variables as predictors of contraceptive
discontinuation. The current study therefore analyzed type of contraceptive method,
contraceptive satisfaction and usage duration, as well as sexual frequency and sexual
satisfaction as predictors of contraceptive switches, which is one form of contraceptive
discontinuation. In addition, we examined the sensitivity of the reported effects to unobserved
selection effects. Analyses were based on longitudinal data from the Continuity and Change
in Contraceptive Use Study with a sample of up to 1,993 women. We found substantial and
robust effects of contraceptive method and contraceptive satisfaction on contraceptive
switches, but no clear evidence on interaction effects between contraceptive method and
contraceptive satisfaction. Furthermore, we found no effects of sexual satisfaction or

frequency across all analyses.

Keywords: contraception, discontinuation, longitudinal data, sexual satisfaction, sexual

frequency

Supporting material to this manuscript, including all code for the data-wrangling processes,
the analyses, as well as the figures, can be found on the Open Science Framework:

https://osf.io/ngtup/ or on the github project:

https://GitHub.com/chiaradraxler/hc switch cccu
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Contraceptive Satisfaction but not Sexual Satisfaction or Sexual Frequency Predicts
Contraceptive Switches

In 2019, more than 900 million women* aged 15 to 49 years or their partners
worldwide were using some form of contraceptive method. The decision about which
contraceptive method to use is an intimate one for many couples and depends on individual
demands and priorities across the lifespan (Both et al., 2019). Some couples choose non-
hormonal contraceptive methods such as male or female condoms, diaphragms, withdrawal,
natural and chemical forms of contraception, copper intrauterine devices (I1UDs) and
sterilization. Other couples choose hormonal contraceptive methods such as oral
contraceptives (i.e., the birth control pill), hormonal IUDs, depot injections, subdermal
implants, vaginal rings, and hormonal patches. Reliability, practicability, potential positive
and negative side effects, habits, partner preferences, doctor's recommendations, and costs
play an important role in deciding which contraceptive method to use (based on data from
Germany; Bundeszentrale fiir gesundheitliche Aufklarung, 2011).

Since the invention of oral contraceptives in the 1960s, research on hormonal
contraceptives has made progress in reducing hormonal concentrations and negative side
effects while maintaining reliability (Bitzer & Simon, 2011). According to Both et al. (2019),
hormonal contraception contributed to women’s sexual liberation via the “separation of
sexuality from procreation” and thereby allowed women to focus on pleasure while having
control over family planning (Baird & Glasier, 1993; Fraser, 1986; Le Guen et al., 2021).
However, in recent years women are increasingly discussing negative side effects. Concerns
include effects on menstruation (e.g., heavy flow), physical side effects (e.g., increased

hunger), mental health effects (e.g., mood swings,) and effects on sexuality (e.g., decreased

! By women in this context of hormonal contraceptive use research, we are referring to biologically female
individuals, i.e., individuals with developed ovaries, as this biological characteristic is central to their endocrine
system. The current study is based on a data set including only women at risk of pregnancy.
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libido), alongside concerns about future fertility or a wish to use more natural methods (Le
Guen et al., 2021). Such concerns lead many women to discontinue or switch their
contraceptive method. Khan et al. (2007) report discontinuation? rates of 19% to 36% and
switching rates of 40% to 89% for all contraceptives in a five-year longitudinal study in
North Africa, South Asia and Latin America. For hormonal contraceptives, Hooper (2010)
found in a multi-national sample of over 5,000 women that discontinuation rates ranged from
22% in Germany to 79% in Brazil. Ali and Cleland (2010) found discontinuation rates of
28% for oral contraceptives, the third highest rate after injectables and condoms in their
analysis of 23 countries (Armenia to Zimbabwe) from 1990 to 2008.

Because some concerns about side effect are specific to hormonal contraception, we
expect contraceptive switches to differ depending on the current method?. The goal of the
current study was to understand why women switch their contraceptive method using the
longitudinal sample of the Continuity and Change in Contraceptive Use Study (CCCU) by
Jones (2018a). We focused on the switch between hormonal and non-hormonal methods®.
Studying patterns of contraceptive use is important not only because of the relatively large
research gap (e.g., Littlejohn, 2012; Villavicencio & Allen, 2016), but also because of the
potential consequences arising out of discontinuation, such as unplanned pregnancies or

abortions (e.g., Barden-O’Fallon & Speizer, 2011; Vaughan et al., 2008).

2 In this study, we use the term contraceptive discontinuation to refer to the absence of contraceptive
continuation (sometimes also used as contraceptive (dis)continuity).

3 For contraceptive methods, the terms discontinuation (or discontinuity) and switching reflect two different
constructs and the literature often clearly distinguishes the two. Whereas discontinuation describes stopping to
use contraceptives and can be an active (e.g., removing 1UD) or passive (e.g., missed re-injection) process,
switching refers to a switch from one contraceptive method to another (Barden-O’Fallon & Speizer, 2011). In
the current study we only describe switching behavior (i.e., the current study does not include women who stop
a contraceptive method but do not switch to another method and women who start using a contraceptive method
but used no contraceptive method before).

# In the following, when we refer to the group of non-hormonal contraceptive users, this does not include
women using no contraceptive method. In addition, switches within the groups of hormonal contraceptive users
or within non-hormonal contraceptive users were not counted as switches.
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In the following, we distinguish between method-related variables and sexuality-
related variables as predictors of contraceptive switches. Method-related predictors include
type of contraceptive method, contraceptive satisfaction, and contraceptive duration.

Sexuality-related predictors include sexual frequency and sexual satisfaction.

Method-Related Predictors of Contraceptive Switches
Type of Contraceptive Method
Hormonal contraceptives are frequently perceived as having more side effects due to
their influence on systemic endocrine pathways. Women often discontinue their
contraception because of perceived side effects (Barden-O’Fallon & Speizer, 2011).
Therefore, we expected hormonal contraceptive users to be more likely to switch methods.
Hypothesis 1: The probability to switch will be lower for women that used non-
hormonal contraceptives relative to women that used hormonal
contraceptives.
Note that an overview of the specified hypotheses and their operationalizations can be

found in Table S1 in the supplemental material A.

Contraceptive Satisfaction

Moreau et al. (2007) investigated contraceptive dissatisfaction in a sample of more
than 6,000 women aged 15 to 44 years. They discovered that 46% of all users of reversible
contraceptives had discontinued at least once because of dissatisfaction. Littlejohn (2012)
reported comparable rates of discontinuation for hormonal contraceptive users. Furthermore,
Frost et al. (2007) discovered in a nationally representative sample of 1,978 women aged 18
to 44 years that contraceptive dissatisfaction predicted gaps in contraceptive behavior and

switching contraceptive methods. Finally, Peipert et al. (2011) observed that copper and
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hormonal IUD users were more satisfied with their contraceptive method, resulting in higher
continuation rates compared to oral contraceptive users.

Side effects are the major cause of dissatisfaction (Fathizadeh et al., 2011; Littlejohn,

2012; Peipert et al., 2011; Villavicencio & Allen, 2016). Therefore, we expected that
women’s satisfaction with their method is negatively associated with contraceptive switches,
particularly for hormonal contraceptive users:

Hypothesis 2: The probability to switch will be higher for women that were less
satisfied with their contraceptive method relative to women who were
more satisfied with it.

Hypothesis 3: This effect will be stronger for women that used hormonal
contraceptives relative to women that used non-hormonal

contraceptives.

Contraceptive Duration: Sub Analyses for Hormonal Contraceptive Users

The longer a woman has been using a certain contraceptive, the longer we might
expect her to continue doing so. Unfortunately, the CCCU (Jones, 2018a) did not collect data
about contraceptive duration for non-hormonal contraceptives, thus data about contraceptive
duration is only available for hormonal contraceptive users. Consequently, we examined
contraceptive duration only for hormonal users in a sub analysis. All pertinent details for sub
analyses, including the theory and hypotheses, methods, analyses and results as well as

figures and tables, are available in Supplement B in the supplemental material.

Sexuality-Related Variables as Predictors of Contraceptive Switches

Sexual Frequency and Sexual Satisfaction

In addition to method-related reasons, other factors may be responsible for

contraceptive switches, for example, sexuality. In general, there is a gap in research that
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incorporates sexuality into contraceptive use patterns (Higgins & Hirsch, 2008; Welling,
2013). As noted by Inoue et al. (2015), contraceptive use is directly related to sexual
behavior. Thus, contraceptive use patterns might affect sexuality-related variables, and vice
versa. Following the randomized placebo-controlled trial study from Zethraeus et al. (2016),
hormonal contraception decreases sexual desire and satisfaction. The correlational cross-
sectional study of Malmborg et al. (2015) reported that hormonal contraceptive users were
more likely to experience a decrease in sexual desire, which in turn was associated with plans
to discontinue the method. Furthermore, the correlational cross-sectional study of Ersek et al.
(2010) found that lack of sexual intercourse was the primary reason for contraceptive
discontinuation. According to the correlational longitudinal study of Kerns et al. (2003), less
sexual frequency predicted a higher likelihood of discontinuation.

According to the empirical evidence reviewed above, the following is expected for

sexual satisfaction and sexual frequency®:

Hypothesis 4: The effect of contraceptive satisfaction at previous wave (i.e., six
months earlier) on probability to switch will be unaffected by the
inclusion of sexual satisfaction and sexual frequency at previous wave
and their interaction with hormonal contraceptive use at previous
wave.

Hypothesis 5: The interaction of contraceptive satisfaction with hormonal
contraception at previous wave will be unaffected by the inclusion of
sexual satisfaction and sexual frequency at previous wave and their

interaction with hormonal contraceptive use at previous wave.

> Besides estimating the effects of sexual satisfaction and sexual frequency in a combined model with
contraceptive satisfaction, we estimated the effects of sexual satisfaction and sexual frequency separately
without controlling for contraceptive satisfaction.



SATISFACTION PREDICTS CONTRACEPTIVE SWITCHES 8

Hypothesis 6: The probability to switch will be higher for women that were less
sexually satisfied relative to women who were more sexually satisfied.

Hypothesis 7: This effect will be stronger for women that used hormonal
contraceptives relative to women that used non-hormonal
contraceptives.

Hypothesis 8: The probability to switch will be higher for women that had less
frequent sexual intercourse relative to women with a higher frequency.

Hypothesis 9: This effect will be stronger for women that used hormonal
contraceptives relative to women that used non-hormonal

contraceptives.

Sensitivity to Observed and Unobserved Confounders

Women do not randomly select their contraceptive method. To establish causal
inferences, it is essential to consider potential confounding selection variables, with
demographic variables as well as attitudes appearing to be important confounders. The
literature indicates that various selection variables may be associated with contraceptive use
and discontinuation, including age (e.g., Blanc et al., 2009; Kerns et al., 2003), income (Ali &
Cleland, 2010), insurance status (Frost et al., 2007; Vaughan et al., 2008), educational degree
(e.g., Ali & Cleland, 2010; Frost et al., 2007; Littlejohn, 2012; Moreau et al., 2013; Simmons
et al., 2019), relationship status (e.g., Moreau et al., 2013; Vaughan et al., 2008), relationship
duration (e.g., Frost et al. 2007; Higgins et al., 2008; but see Botzet et al., 2021, for a
discussion about whether to include relationship duration), number of children (Belete et al.,
2018; Vaughan et al., 2008), and pregnancy attitudes (Simmons et al., 2019).

We adjusted for the following variables to see if main effects are unaffected by

observed confounders: age, educational degree, poverty rating, health and medical problems,
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gaps in insurance and coverage by insurance, number of kids, if women were pregnant and
had a baby between measurement occasions, pregnancy avoidance and pregnancy feelings
(i.e., happiness about a pregnancy) and relationship duration. The following is expected:
Hypothesis 10 to 15: Hypothesis 4 through 9 will be robust to the inclusion of the
above-mentioned selection variables at the previous wave and their interaction
with hormonal contraceptive use at the previous wave.
Furthermore, we planned to estimate the effects’ sensitivity to unobserved

confounders, if the effects were robust to observed confounding.

Previous Research: Contraceptive Discontinuation in Cross-Sectional Studies

Most of the studies reviewed in the preceding sections were cross-sectional (Le Guen
et al., 2021; Littlejohn, 2012). In such studies, contraceptive discontinuation because of
negative effects on the outcome of interest might mask causal effects of hormonal
contraception on psychological outcomes (see Botzet et al., 2021; denoted as “attrition
effects”). Women who have negative experiences with hormonal contraceptives (e.g.,
because of side effects) are more inclined to discontinue them. In a cross-sectional study,
women may have already self-assorted to their personally optimal contraception to some
degree, leading to better outcomes in the group of hormonal contraceptive users (if the
remaining users mainly experienced positive side effects) or no difference between groups.
Consequently, differences in psychological outcomes between contraceptive methods might
be underestimated. In our longitudinal study, we can directly investigate this mechanism of

contraceptive discontinuation due to lower sexual frequency or sexual satisfaction.
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Addressing Contraceptive Discontinuation in Longitudinal Studies

In the current study, our primary focus is causal inference, specifically to elucidate
distorting effects due to contraceptive discontinuation. While longitudinal studies are often
touted for their potential to establish causality, it is essential to recognize their limitations.
Rohrer (2019) points out that longitudinal analyses cannot be treated as “magical causal
inference machines.” Despite their ability to rule out certain potential explanations such as
between-subjects confounding and reverse causality, they do not automatically guarantee a
causal effect. The presence of confounding third variables, especially time-varying within-
subject confounders, remains a challenge. Building on the recommendations of Rohrer (2019)
and Rohrer and Lucas (2020), our contribution is to increase the transparency of causal
assumptions in longitudinal analyses. In addition, we emphasize the need to specifically
address contraceptive discontinuation. To achieve this, we advocate the use of coherent
frameworks and providing comprehensive lists of potential confounders. In doing so, we aim
to advance future research in the field, provide a nuanced understanding of causal inference
in the field of hormonal contraceptive research and shed light on the intricacies of

contraceptive discontinuation.

The Current Study

We analyzed longitudinal data from the CCCU (Jones, 2018a) that encompassed
1,993 women for our main analyses. The primary objective of this study was to gain a better
understanding of how contraceptive discontinuation (in particular switches in contraceptive
methods) because of hormonal side effects on sexuality can bias estimated effects of
hormonal contraceptives on sexuality. To answer this question we estimated effects of
method-related predictors, such as type of contraceptive method, contraceptive duration (see

supplement B in the supplementary material for sub analyses), and contraceptive satisfaction,
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as well as effects of sexuality-related variables, such as sexual frequency and sexual
satisfaction, on contraceptive switches. In addition, we determined whether effects remain
unaffected by the inclusion of observed confounding selection variables. Furthermore, this
study quantitatively estimated the sensitivity of effects to unobserved confounding selection
variables. Lastly, this study checked the robustness of effects when excluding potentially

distorting participants from a subsample.
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Methods
Sample and Procedure
This project is based on pre-existing data from the CCCU by Jones (2018a). General
summary information about the study and the data can be found at this link:

https://www.icpsr.umich.edu/web/ICPSR/studies/37067/summary.

The sample of the CCCU by Jones (2018a) is based on the KnowledgePanel (Jones,
2018b) of the Growth from Knowledge group with approximately 60,000 members that were
recruited through address-based sampling® (Jones, 2018b). Through a series of mailings,
potential members are invited to join the KnowledgePanel. Registered members can then
participate in eligible surveys once a week. Demographic and personal information is
collected from all KnowledgePanel members (Jones, 2018b).

The CCCU by Jones (2018a), which was approved by the Guttmacher Institute’s
federally registered institutional review board, measured a wide range of contraceptive use
patterns as well as information about fertility, health, and women’s partner(s) within four
survey waves. All relevant variables for the current study are derived from the four waves.
The study type of the CCCU was an observational longitudinal study. The study design was a
repeated measures within-subjects design, with measures nested within participants.

The CCCU was conducted from 2012 to 2014 with six months between each wave.
The first wave was conducted over three weeks between November and December 2012 (T1)
followed by the second wave was conducted over three weeks between May and June 2013
(T2). Women responded to the third wave in December 2013 (T3) and to the final wave in

June 2014 (T4)’. For the CCCU, women were eligible if they were between 18 and 39 years

® The address-based samples are selected via four strata: Hispanic households with at least one person aged 18
to 24 years, remaining Hispanic households, remaining households with at least one person aged 18 to 24 years,
and finally remaining households (Jones, 2018b).

’ Note that for T4, only the outcome switch was used in the current study, as there was no Ts for which a switch
could have been predicted. T4 measurement occasions were thus not incorporated in the further analyses, figures
and graphs, except for information about the switch from T3 to Ta.


https://www.icpsr.umich.edu/web/ICPSR/studies/37067/summary
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old, had already had sexual intercourse, were not currently pregnant, and had no tubal
ligation. In addition, participants' romantic partners were required to have no vasectomy
(these will be referred to as eligibility criteria).

At the outset of the CCCU, women were screened for risk of pregnancy following the
study’s eligibility criteria. Those who met the criteria were invited to take part in the four
study waves. The study material included four surveys, one for each wave, which were
conducted entirely online. Participants who lacked internet access were granted access by the
Growth from Knowledge group. The surveys were available in both English and Spanish
language. The median survey completion time was 12 minutes. Participants received $10 for
each completed wave (Jones, 2018b).

A flow chart detailing the recruitment process for the CCCU, beginning with the
study’s invitation and ending with the last wave T4, can be found in Figure S3 in the
supplemental material C. Out of the N = 11,365 women invited to participate, N = 6,658
responded, resulting in a 41% response rate. After excluding ineligible participants, a total of
N = 4,647 were deemed eligible, of whom N = 4,634 completed the initial survey at Ti.
Subsequently, all women that completed the survey at T1 were asked to participate in the
following three waves. N = 3,207 women (69% of T1) participated at T2, N = 2,398 at T3
(52% of T1) and finally N = 1,842 women (40% of T1) participated at Ts. This results in 7,448
measurement occasions between waves and therefore a potential switch in contraceptive
methods. It should be noted that this number will decrease further across analyses based on

the exclusion criteria specific to the research question.

Exclusion Criteria
Figure 1 displays a flowchart and Table S7 in the supplemental material D provides

an overview of the hierarchical exclusion criteria applied in the main analyses. It was
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possible that some women were excluded because of multiple exclusion criteria (e.g., because
of missingness in contraceptive satisfaction and missingness in the switch).

The 4,634 eligible participants, who completed the initial survey at Ty, reported
10,239 measurement occasions. A total of 2,641 women and 6,452 measurement occasions
were excluded for the main analyses, resulting in a sample size of 1,993 women and 3,787
measurement occasions for the main analyses. This sample size is comparable to or even
larger than those in literature on hormonal contraceptive use (e.g., Malmborg et al., 2015;
Rocca et al., 2013). Supplement E contains a comparison of the included and excluded

samples.
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Figure 1

Hierarchical Exclusion Process

Total participants: N = 4,634
Total measurement occasions: 10,239

v v
Missingness in contraceptive method: n =0 Participants: n = 4,634
Measurement occasions: 10,239
|
v v
Missingness in contraceptive satisfaction: Participants: n = 3,446
n=1,188 Measurement occasions: 6,632
[
v v
Missingness in sexual frequency: n = 10 Participants: n = 3,436
Measurement occasions: 6,577
|
v v
Missingness in sexual satisfaction: n = 238 Participants: n = 3,198
Measurement occasions: 5,857
|
v v
Missingness in selection predictors: Participants: n = 3,005
n=193 Measurement occasions: 5,459
|
v v
Missingness in switch: n = 903 Participants: n = 2,102
Measurement occasions: 3,986
|
v v
Used emergency contraception: n =8 Participants: n = 2,094
Measurement occasions: 3,951
|
v v
Used IUD and no other hormonal Participants: n = 2,037
contraceptive method: n =57 Measurement occasions: 3,859
|
Used IUD and no other hormonal Participants: n =1,993
contraceptive method at next wave: n = 44 Measurement occasions: 3,787

Note. Flowchart shows the number of participants after each exclusion step, the number of
participants that fulfilled each exclusion criteria could thus be higher as women could be
excluded in an earlier step (e.g., used emergency contraception but were excluded because of
missingness in switch). Missingness in contraceptive satisfaction was due to women who
reported that they were not currently using any contraceptive method. For total N of

participants that fulfilled the exclusion criteria see Table S7 in Supplement D.
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Participants

Description of participants refers to the included sample at T1, which consisted of
n = 1,723% women of which nearly 60% were using hormonal contraceptives (for a detailed
overview of all contraceptive methods and combined use of hormonal and non-hormonal
contraceptives see Figure S4 in the supplemental material F). The average age of the
participants was 28.15 years (SD = 5.18, range: 18-39 years). The majority (68%) of women
were white and non-Hispanic, followed at a large distance by Hispanic women (16%). Most
of the participants (35%) had a Bachelor’s degree, followed by 25% that stated to have left
college without a degree. The vast majority (63%) indicated working as a paid employee,
whereas 33% indicated to be not working® and nearly 5% indicated working self-employed.
They had an average poverty rating of 313.7 (SD = 232, range: 14-1,455) with a score of 100
relating to a poverty line based on a computation of the US Government, for the exact

computation see https://aspe.hhs.gov/topics/poverty-economic-mobility/poverty-guidelines

(US Government ASPE, 2022). Based on this categorization, 18% of all participants lived in
poverty. Additionally, most participants (85%) were covered by health insurance. Most of the
participants (75%) were in a serious relationship, with an average relationship duration of
7.61 years (SD = 4.90 years, range: 0-27 years®®). Nearly 54% had no children, followed by
19% that indicated having one child and 18% with two children. Geographically, most

participants (32%) came from the South of the USA, the fewest (16%) from the Northeast.

8 Note that some women only participated at T, or T3 due to exclusion criteria, so this explains the difference to
the total sample of N = 1,993 for the main analyses.

° Note that this category included women that were not working because they were on a temporary lay-off from
a job (n = 12), because they were looking for a job (n = 186), because they were disabled (n = 26) and because
of other reasons (n = 340).

19 Note that one woman indicated a relationship duration of 45.17 years. As the highest possible age was 39
years, this might have been a typing error. Nevertheless, we did not alter the value and the woman was not
excluded from our analysis.


https://aspe.hhs.gov/topics/poverty-economic-mobility/poverty-guidelines
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Variables and Indices

All variables were assessed through self-report measures. The full wording as well as
answering scales for the variables analyzed in the main analyses can be found in Supplement
G. Note that there are further measured variables in the CCCU by Jones (2018a) which were
not incorporated in this study’s analyses (see

https://www.icpsr.umich.edu/weh/ICPSR/studies/37067/variables).

Women were surveyed about their contraceptive method by answering two items, one
displaying mostly hormonal methods and one displaying solely non-hormonal contraceptive
methods. It was possible to choose more than one hormonal method or non-hormonal
contraceptive method as well as a combination of both or no contraceptive method at all.
Contraceptive use was recoded as a binary predictor based on women’s chosen contraceptive
method. If women reported using the birth control pill, the patch, the ring, the depot injection,
or the implant, they were coded as hormonal contraceptive users, even if they reported further
use of non-hormonal contraceptives. If women reported only using non-hormonal
contraceptives such as condoms, vasectomy, withdrawal, natural family planning methods,
spermicides, or if they reported not using any contraceptive method, they were classified as
non-hormonal contraceptive users. If women reported using the IUD as their sole
contraceptive method, they were classified as missing because 1UD was referring to both,
hormonal and non-hormonal IUD and it was thus impossible to categorize users of IUD.

The outcome of interest in the current study were switches between hormonal and
non-hormonal methods. They were calculated by comparing the contraceptive method in one
wave to the method in the subsequent wave. Any change in method whereby women
switched from a hormonal to a non-hormonal method or vice versa was considered a switch.

Women were asked about their contraceptive satisfaction for each method that they

reported. As women could choose more than one contraceptive method and thus indicate their


https://www.icpsr.umich.edu/web/ICPSR/studies/37067/variables
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contraceptive satisfaction for more than one method, the predictor contraceptive satisfaction
was calculated by choosing the highest satisfaction value for all chosen contraceptive
methods (within either hormonal or non-hormonal contraception®?).

Sexual frequency was assessed by asking women if they had sexual intercourse with a
male partner in the past 30 days and — if so — how many times they had sexual intercourse
with a man in the past 30 days. Women could then report their sexual frequency categorically
from one to eleven times or more (for exact response categories see Supplement G). If
women reported that they did not have sexual intercourse or that they had sexual intercourse
once in the last 30 days with a man, sexual frequency was coded to “no sex or once”, so that
the two categories were combined. Otherwise, the categorical values from the item asking
how many times women did have sex in the last 30 days were used. In addition, sexual
satisfaction was incorporated as a continuous predictor.

To account for potential observed selection variables that might influence predictors
or the outcome, the following measured selection variables were incorporated in the analyses:
age, educational degree, poverty rating, health problems, medical problems, covered by
insurance, gaps in their health insurance, number of kids, if women were pregnant or had a
baby between waves, pregnancy avoidance, pregnancy feelings and relationship duration. For

a comprehensive overview of all selection variables see Supplement G.

Analyses
For the code, the statistical software R version 4.2.2 (R Core Team, 2021) was used.

For the statistical analyses we used the packages brms (Biirkner, 2017), EValue (version

1 This means that if women were classified as hormonal contraceptive users, the highest contraceptive
satisfaction value of the chosen hormonal contraceptives was used to create this variable. If women were
classified as non-hormonal contraceptive users, the highest satisfaction value of the chosen non-hormonal
contraceptives was used.
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4.1.3; VanderWeele & Ding, 2011), marginaleffects (version 0.5.0; Arel-Bundock, 2022) and

sjPlot (version 2.8.10; Liidecke, 2021).

Main Analyses

Hypotheses were tested via Bayesian multilevel regression modeling with default
priors for all parameters. Four consecutive binomial generalized linear mixed models were
used, with the switch as the outcome and the predictors mentioned in the following. For the
main analyses, the first “basic” model (H1) included the type of contraceptive method as a
predictor for switching the method. The second model (H2 & H3) additionally included
contraceptive satisfaction. The third model (H4-H9) additionally included sexual satisfaction
and sexual frequency. The fourth and last model (H10-H15) additionally included all
observed selection variables described above!?. Each model included an interaction term of
the predictors and observed selection variables with hormonal contraceptive use.
Additionally, all models included a random intercept per participant. For all models,

hormonal contraceptive users served as a reference group.

Sensitivity Analyses

Sensitivity analyses were performed to account for the impact of unobserved selection
effects on the association between predictors and the outcome. Our aim was to determine the
necessary magnitude of unobserved selection to nullify potential effects of the predictors on
the outcomes. For sensitivity analyses, E-values from the EValue package (version 4.1.3,;
VanderWeele & Ding, 2011) were used, as they account for continuous and categorical

unobserved confounders simultaneously.

12 For the third and fourth model, we performed additional analyses estimating the effects of sexual satisfaction
and sexual frequency on the probability to switch separately without controlling for contraceptive satisfaction.
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E-values are calculated from risk ratios (or approximations such as odds ratios). For
the detailed derivation and computation see VanderWeele et al. (2020). VanderWeele et al.
(2020) recommend reporting the E-value for the estimated effect (how strong would
unobserved confounders need to be to shift the estimated effect of the predictor on the
outcome to zero) and for significance testing (how strong would unobserved confounders
need to be to shift the confidence interval to include the null). Risk ratios and E-values were
computed based on the statistical models using odds ratios with a 99.7% CI. A comparison of
the potential unobserved confounding with and without the inclusion of observed selection
variables was needed for inferences about how strong unobserved confounders would need to
be in comparison to observed confounders. We therefore computed the E-Values once
unconditional upon the observed selection variables (based on model 3, not including the
observed selection variables) and once conditional upon the observed selection variables
(based on model 4, which included all observed selection variables). Thus, we additionally
report a descriptive difference in E-values for the association an unobserved confounder
needs to have with predictor and outcome to explain away the predictor-outcome association,

before and after confounding is partly explained by observed confounders.

Robustness Analyses

Two analyses of robustness were conducted to see robustness of effects when a
subsample was excluded additionally to the exclusion criteria applied to the main and the sub
analyses (for robustness analyses of sub analyses see Supplement B).

Analyses of Robustness 1. For the first analyses of robustness women were excluded
in waves if they did not have sex in the last 30 days, so that data of 1,907 women (3,556

measurement occasions) were available.
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Analyses of Robustness 2. For the second analyses of robustness women were
excluded in waves if they indicated that they had undergone tubal ligation as contraceptive
method or if their partner used vasectomy as contraceptive method. Following this, data of

1,984 women (3,750 measurement occasions) were available.

Inference Criteria

The smallest effect size of interest (SESOI) served as the primary inference criterion.
In the CCCU, the overall probability to switch contraceptive methods was 11.9%. We
therefore considered the SESOI as a change in the probability to switch of 1% for main
effects. This way, the SESOI was nearly a tenth of the overall probability to switch. For the
interaction effects, the SESOI was considered as a difference in the change in the probability
to switch of 0.1% between hormonal and non-hormonal contraceptive users. This means that
hormonal users needed to show an effect that was 0.1 times greater than the effect of the non-
hormonal contraceptive users.

The confidence intervals for all effects were calculated at 99.7%. This significance
threshold of .05 was adjusted due to multiple testing for the number of hypotheses (15
hypotheses overall for main analyses)*®. Therefore, an effect was considered significant when
the 99.7% CI excluded 0 within two-tailed statistical testing. Consequently, if an effect size
and its 99.7% ClI included 0, the hypothesis was rejected. Therefore, only hypotheses were
accepted, if the effect size and its 99.7% CI excluded the defined SESOI. In addition to
calculating unstandardized beta coefficients (b), we computed the probability to switch using

average marginal effects (AMESs) from the package marginaleffects (version 0.5.0, Arel-

13 Note that this adjustment might lead to rather conservative acceptance of hypotheses and for example Rubin

(2021) claims that alpha adjustment is not automatically necessary when testing multiple hypotheses. However,
as this study contained within-women testing and the number of participants was relatively high, we decided to
adjust the confidence interval.
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Bundock, 2022). AMEs measure the average change in the outcome when the predictor

changes by one unit (Arel-Bundock, 2022).

Availability of Data, Code and Analyses
Original data from the CCCU (Jones, 2018a) can be downloaded via this link

https://www.icpsr.umich.edu/web/DSDR/studies/37067/datadocumentation (Jones, 2018c).

The code for this study is available in the following GitHub project:

https://GitHub.com/chiaradraxler/hc_switch_cccu as well as in the following Open Science

Framework project: https://osf.io/nqtup/.



https://www.icpsr.umich.edu/web/DSDR/studies/37067/datadocumentation
https://github.com/chiaradraxler/hc_switch_cccu
https://osf.io/nqtup/
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Results
Descriptive Statistics

Descriptive statistics for predictors and observed selection variables at T1, T2, and T3
are reported in Tables S9 to S11 in Supplement H in the supplemental material. Note again
that from T4 only the switch was used as a variable to predict a switch to T4 with variables
from T3 (i.e., there was no Ts for which variables from T4 could predict a switch). For the
report about the number of women that switched methods from T3 to T4 see Table S12, as the
switch was incorporated in the description of Ts.

Table 1 shows zero-order correlations of all numerical predictors and observed
selection variables at T1. Zero-order correlations of all numerical variables for T, and T3 are
reported in Tables S12-S13 in Supplement H in the supplemental material. All significant
correlations were in a range between r = |.06| and r = |.25| except for the large negative
correlation between pregnancy avoidance and pregnancy feelings (r = -.61). All other
correlations were not significant with p > .05. Comparing correlations to T, and T3, results

were nearly, though not completely, identical.
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Table 1

Zero-Order Correlations with 95% Confidence Interval for Numerical Variables at T1

Variable (D) 2 3 (@) 5) (6)
(1) Csat
"D 15
(2) Dur [.09; .21]
.16 .01
(3) SSat
[[11; .21] [-.05; .07]
.02 .25 -.03
(4) Age
[-.03;.06] [.19;.31] [-.08;.02]
(5) Poverty .06 A5 -.01 18
rating [.01; .10] [.09;.21] [-.06; .04] [.14; .23]
(6) Pregnancy 13 .02 -.03 -14 -.02
avoidance [.08;.17] [-.04;.08] [-.08;.02] [-.18;-.09] [-.07;.03]
(7) Pregnancy -.06 -.03 12 .20 -.04 -.61
feelings [-.11;-.02] [-.09;.03] [.08;.17] [.16;.25] [-.08;.01] [-.64;-.58]

Note. The sample consisted of n = 1,723, except for contraceptive duration with n = 1,032
(because duration values were only available for hormonal contraceptive users). Bold
correlations differed from zero with a 95% CI. CSat = contraceptive satisfaction,

Dur = contraceptive duration, SSat = sexual satisfaction.

Main Analyses
Summary of Results

Table 2 displays results for the first, second, third, and fourth multilevel regression
model. Supplement I in the supplemental material displays results for additional analyses
estimating the effects of sexual satisfaction and sexual frequency on the probability to switch
separately without controlling for contraceptive satisfaction. Supplement J in the
supplemental material displays results for the first robustness analyses and Supplement K for
the second robustness analyses. Figure 2 shows a forest plot of effects over all four models in

main analyses. Figure S5 in Supplement L in the supplemental material displays a forest plot
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of effects over all four models in main analyses and robustness analyses. Figure 3 shows the
probability to switch for contraceptive satisfaction, Figure 4 for sexual satisfaction, and

Figure 5 for sexual frequency within (no)hormonal contraceptive users.
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Table 2

26

Main Analyses Results for the First, Second, Third and Fourth Multilevel Regression Model

Predictor Multilevel regression Multilevel regression  Multilevel regression  Multilevel regression
model 1 model 2 model 3 model 4
H b H b H b H b
[CI] [CI] [CI] [CI]
Hormonal contraceptive use H1 -1.07 -2.08 -1.33 ~0.04
[-1.52; -0.67] [-3.56; -0.60] [-3.30; 0.50] [-2.61; 2.42]
. . . -0.61 -0.65 -0.72
Contraceptive satisfaction H2 [-0.89: -0.32] H4 [-0.93: -0.35] H10 [-1.08: -0.39]
Interaction: 028 038 0.43
Contracept_lve satisfaction: Hormonal H3 [-0.16: 0.72] H5 [-0.11; 0.85] H11 [-0.15: 1.01]
contraceptive use
. . 0.13 0.07
Sexual Satisfaction H6 [-0.06; 0.32] H12 [-0.14; 0.29]
IST)?{JZ(I:t;gE:sfaction' Hormonal contraceptive H7 022 H13 -0.01
' [-0.54; 0.11] [-0.39; 0.39]

use
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Table 2 (continued)

Main Analyses Results for the First, Second, Third and Fourth Multilevel Regression Model

Predictor Multilevel Multilevel regression Multilevel regression Multilevel regression
regression model 1 model 2 model 3 model 4
H b H b H b H b
[CI] [CI] [CI] [CI]
Sexual frequency H8 H14
-0.15
_ -0.09 .
- 2-5 times [-0.66: 0.49] [-0.81; 0.48]
. -0.21 -0.22
- 6-10 times [-0.86; 0.42] [-1.01; 0.51]
. -0.37 -0.51
- 11 times + [-1.09; 0.33] [-1.44; 0.29]
Interaction:
Sexual frequency: Hormonal contraceptive use H9 H15
. -0.20 0.05
- 2-5 times [-1.16; 0.92] [-1.07; 1.14]
. -0.05 0.19
- 6-10 times [-1.23; 1.08] [-1.08; 1.58]
. 0.55 0.68
- 11 times + [-0.83; 1.92] [-0.64; 2.21]

Note. For main analyses, the number of observations was 3,787 with N = 1,993 women. H = hypothesis according to predictor and model.

b = unstandardized beta coefficient. Bold results differed from zero with a 99.7% CI.
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Figure 2

Effect Size Estimates for Model 1, 2, 3 & 4 in Multilevel Main Analyses

Predictor

HEE:

HC -

Contraceptive Satisfaction 1
HC:Contraceptive Satisfaction A
Sexual Satisfaction 1

HC:Sexual Satisfaction

Sexual Frequency 2-5 times -

Sexual Frequency 6-10 times A
Sexual Frequency 11 or more times 1
HC:Sexual Frequency 2-5 times -

HC:Sexual Frequency 6-10 times 1

28

Sexual Frequency 11 or more times A

Effect Size

Models

<=

Model 1
Model 2
Model 3
Model 4

Note. N of observations and women can be found in section “Exclusion Criteria” for all multilevel analyses. HC = hormonal contraceptive use.
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Figure 3
AMEs for Contraceptive Satisfaction Within Hormonal and Non-Hormonal Contraceptive

Users Based on Multilevel Model 3
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1 2 3 4

Contraceptive Satisfaction

Note. For main analyses, the number of observations was 3,787 with N = 1,993 women.
AME = average marginal effect. HC = hormonal contraceptive users.

Non-HC = non-hormonal contraceptive users.
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Figure 4
AMEs for Sexual Satisfaction Within Hormonal and Non-Hormonal Contraceptive Users

Based on Multilevel Model 3
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Note. For main analyses, the number of observations was 3,787 with N = 1,993 women.
AME = average marginal effect. HC = hormonal contraceptive users.

Non-HC = non-hormonal contraceptive users.
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Figure 5
AMEs for Sexual Frequency Within Hormonal and Non-Hormonal Contraceptive Users

Based on Multilevel Model 3
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Note. For main analyses, the number of observations was 3,787 with N = 1,993 women.
AME = average marginal effect. HC = hormonal contraceptive users.

Non-HC = non-hormonal contraceptive users.

Effects for Method-Related Predictors, Sexual Satisfaction and Sexual Frequency
Effects from the first and second models were nearly, though not completely, identical
to the third model, thus only AMEs from the third model after including all main predictors

are reported below.
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Over all three models, the method-related predictors hormonal contraceptive use and
contraceptive satisfaction differed from zero with a 99.7% CI, except for hormonal
contraceptive use in the third model with an effect size of b = -1.33 [-3.30; 0.50]. The
interaction between contraceptive satisfaction and hormonal contraceptive use as well as the
effects of sexual satisfaction and sexual frequency and their interaction with hormonal
contraceptive use did not significantly predict the switch. These predictors were also non-
significant in additional separate models without control for contraceptive satisfaction (see
Supplement I).

Concerning substantiality, AMEs were taken into account when effect sizes differed
significantly from zero. Over all three models, AMEs and their confidence interval for the
method-related predictors hormonal contraceptive use and contraceptive satisfaction were
greater than 0.01, leading to a predicted probability to switch greater than the SESOI. For the
variable hormonal contraceptive use this corresponds to a 10% smaller probability to switch
(AME =-0.10; [-0.13; -0.07]) for non-hormonal contraceptive users compared to hormonal
users. The probability to switch decreased by 5% (AME = -0.05; [-0.07; -0.03]) when
contraceptive satisfaction increased by 1 point. Considering the nonsignificant interaction
between contraceptive satisfaction and hormonal contraceptive use, AMEs differed, however,
substantially. The AME for contraceptive satisfaction within hormonal users was -0.08 [-
0.11; -0.05], meaning that hormonal users had an 8% smaller probability to switch when their
contraceptive satisfaction increased by 1 point. The AME for contraceptive satisfaction
within non-hormonal contraceptive users was -0.01 [-0.04; 0.02], meaning that contraceptive
satisfaction played no role in predicting the probability to switch for non-hormonal users. The
substantial interaction effect can also be seen in Figure 3, nevertheless one has to be cautious

interpreting the effect, as the regression coefficient for the interaction was not significant.



SATISFACTION PREDICTS CONTRACEPTIVE SWITCHES 33

Effects of Observed Confounders

Including observed confounders in the fourth regression model did not change
conclusions about significance and substantiality for effects of hormonal contraception,
contraceptive satisfaction, and their interaction based on regression coefficients and AMEs.

The probability to switch decreased by 2% when pregnancy avoidance* increased by
1 point (AME = -0.02; [-0.03; -0.004]). Considering the interaction between pregnancy
avoidance and hormonal contraceptive use®, hormonal users had a 3% smaller probability to
switch when their pregnancy avoidance increased by 1 point (AME = -0.03; [-0.05; -0.02])
and pregnancy avoidance played no role in predicting the probability to switch for non-
hormonal contraceptive users (AME = 0.01; [-0.005; 0.03]). Considering the interaction
between pregnancy feelings and hormonal contraceptive use®®, an increase by 1 led to a 2%
higher probability to switch for hormonal users (AME = 0.02; [0.002; 0.04]) but to a 2%
lower probability to switch for non-hormonal contraceptive users (AME = -0.02; [-0.03; -
0.0002]). Considering the interaction between age and hormonal contraceptive use!’, age
played no role in predicting the probability to switch for hormonal users (AME = 0.002; [-
0.005; 0.01]), but an increase by 1 led to a 1% smaller probability to switch for non-hormonal
contraceptive users (AME = -0.01; [-0.01; -0.002]). All other predictors and observed

selection variables did not differ from zero with a 99.7% ClI.

Sensitivity to Unobserved Confounders
To see effects’ sensitivity to unobserved confounders unconditional and conditional

on observed confounders, E-values for the effect of contraceptive satisfaction, which was the

14 Pregnancy avoidance showed an effect size of b = -0.39 [-0.60; -0.19].

1> The interaction between pregnancy avoidance and hormonal contraceptive use showed an effect size of

b =0.63 [0.29; 1.03].

'8 The interaction between pregnancy feelings and hormonal contraceptive use showed an effect size of b = -
0.53 [-0.89; -0.19].

7 The interaction between age and hormonal contraceptive use showed an effect size of b = -0.15 [-0.26; -0.05].
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only robust effect across models, were computed for the third (i.e., not including observed
confounders) and the fourth multilevel regression model (i.e., including observable
confounders).

Contraceptive Satisfaction. The observed risk ratio association for the effect of
contraceptive satisfaction on the probability to switch before including all observed selection
variables was 0.72 [0.63; 0.84]'8. The E-value for the point estimate was 2.11. Thus, with an
observed risk ratio of 0.72, an unmeasured confounder that was associated with both,
contraceptive satisfaction and the switch by risk ratios of 2.11-fold each, would suffice to
explain away the effect of contraceptive satisfaction on switch but weaker confounding
would not (wording according to Aloisi et al., 2022; VanderWeele et al., 2020).

The E-value for significance testing of the point estimate was 1.67, thus an
unmeasured confounder that was associated with both, contraceptive satisfaction and the
switch by risk ratios of 1.67-fold each, would suffice to reach the conclusion that the effect of
hormonal contraceptive use on probability to switch was not significant anymore. More
precisely, if the actual associations between the unobserved confounder with contraceptive
satisfaction and the switch are less than 1.67, then the effect of contraceptive satisfaction on
the probability to switch adjusted by the unmeasured confounder will be in the same direction
as the observed effect of contraceptive satisfaction on the switch (wording according to
VanderWeele et al., 2020).

The observed risk ratio association for the effect of contraceptive satisfaction on the
switch after including all observed selection variables was 0.70 [0.58; 0.82]. Considering the
E-Value of 1.72 for significance testing of the point estimate [2.23 for the point estimate

itself], an association of the unmeasured confounders with both, contraceptive satisfaction

18 A risk ratio of 0.72 means that there is an inverse association, i.e., there is a decreased risk for switching
contraceptive methods when contraceptive satisfaction increases. For an increase by one in contraceptive
satisfaction, a woman has 0.72 times the risk of switching their contraceptive method compared to no increase
by one in contraceptive satisfaction.
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and the switch by risk ratios of 1.72-fold each, conditional on all 13 observed covariates,
would suffice to reach the conclusion that the effect of contraceptive satisfaction on the
switch adjusted by the unmeasured confounder was not significant anymore.

A difference of |0.05| for significance testing of the point estimate (|0.12] in the E-
values for the point estimate) before and after including observed selection variables was
observed, meaning that controlling for observed selection variables did not reduce the effect
of contraceptive satisfaction on the probability to switch. The observed E-values led to the
interpretation that only small-sized confounding is necessary to reach the conclusion that the
effect of contraceptive satisfaction is not significant, even after controlling for observed

selection variables (for interpretation of different E-values see Linden et al., 2020).

Robustness Analyses for Main Analyses

Considering the first and second model, the effects of hormonal contraceptive use and
contraceptive satisfaction differing from zero with a 99.7% CI were robust in robustness
analyses 1 and 2. With regard to the third model, results with only contraceptive satisfaction
differing from zero with a 99.7% CI remained unchanged, except for sexual satisfaction
differing from zero with a 99.7% Cl in the first robustness analysis*®. Nevertheless, the
average marginal effect for sexual satisfaction in the second robustness analysis did not differ
from zero with a 99.7% CI. Here, the probability to switch increased by 1% (AME = 0.005; [-
0.01; 0.02]) when sexual satisfaction increased by 1 point.

For the fourth model, the first and second robustness analyses yielded the same effects
that differed from zero with a 99.7% CI, similar to the main analyses model, except that the
variable pregnancy feelings now differed from zero with a 99.7% CI and an AME of 0.005 [-

0.01; 0.02] in the second robustness analysis.

19 Sexual satisfaction showed an effect size of b = 0.22 [0.01; 0.45].
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Discussion

This study aimed to model predictors of contraceptive switches in a longitudinal
sample and found evidence for substantial effects of type of contraceptive method and
contraceptive satisfaction. However, evidence for the interaction between type of
contraceptive method and contraceptive satisfaction remains questionable. The effect of
contraceptive method was explained by including sexuality-related variables. The inclusion
of observed selection variables did not change the effect of contraceptive satisfaction. We
found no evidence for direct effects of sexual satisfaction and sexual frequency in main
analyses (with and without control for contraceptive satisfaction, see Supplement 1), and
neither for contraceptive duration in sub analyses (Supplement B). For a detailed evaluation
of hypotheses, significant and substantial effects and robustness of effects see Table 3.
Descriptive differences indicate that controlling for observed selection variables did not
reduce the effect of contraceptive satisfaction on the probability to switch. The observed E-
values suggest that only minor confounding is required to conclude that the effect of
contraceptive satisfaction is insignificant, after controlling for observed selection variables.
Nearly all observed effects remained robust when excluding a potentially distorting

subsample of the total sample in robustness analyses.
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Table 3

Overview of Significance, Substantiality, Robustness of Results and Evaluation of

Hypotheses
H Predictor Significant Substantial Robustness of Results? Hypotheses
Effect? Effect? R1 R2 Evaluation
H1 HC Ve Ve v v Accepted
H2 CS v v v v Accepted
H3 HC: CSat X v v v Accepted
H4 CSat v v v v Accepted
H5 HC: CSat X v v v Accepted
H6 SSat X X X v Rejected
H7 HC: SSat X X v v Rejected
H8 SFreq X X v v Rejected
H9 HC: SFreq X X v v Rejected
H10 CSat v v v v Accepted
H11 HC: CSat X v v v Accepted
H12 SSat X X v v Rejected
H13 HC: SSat X X v v Rejected
H14 SFreq X X v v Rejected
H15 HC: SFreq X X v v Rejected

Note. N of observations and women can be found in section “Exclusion Criteria” for all
multilevel analyses. H = hypothesis; R = robustness analyses; HC = hormonal contraceptives;

CSat = contraceptive satisfaction; SSat = sexual satisfaction; SFreq = sexual frequency; ® = except

for the third model; v = yes; X = no
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Type of Contraceptive Method

This study found significant and substantial effects of hormonal contraceptive use on
the probability to switch, with a 9% - 10% higher probability to switch methods for hormonal
contraceptive users relative to non-hormonal contraceptive users. This result corresponds
with previous literature that has found high discontinuation rates of 28% - 80% for hormonal
contraceptive users (e.g., Hooper, 2010; Moreau et al., 2009). A higher probability to switch
for hormonal contraceptive users is consistent with the idea that method-related side effects
of hormonal contraceptives result in a higher probability to switch for hormonal contraceptive

users (e.g., Hall et al., 2014; Le Guen et al., 2021; Simmons et al., 2019).

The Importance of Contraceptive Satisfaction

This study found significant and substantial main effects for contraceptive
satisfaction, alongside notable effects for hormonal contraceptive use. An increase by one
unit in contraceptive satisfaction was linked with a by 5% decreased probability to switch
over all models. Main effects of contraceptive satisfaction remained robust in the two
analyses. Results correspond to the majority of literature, which suggest that higher
contraceptive satisfaction is associated with continuous contraceptive use (e.g., Frost et al.,
2007; Moreau et al., 2007; Peipert et al., 2011). Frost et al. (2007) already suggested that
contraceptive satisfaction was one of the most important measures in predicting
discontinuation (i.e., dissatisfied women change their contraceptive method). Corresponding
to this, this study's models demonstrate that contraceptive satisfaction is the most critical
predictor due to extensive proof of its impact on switching probability.

This argumentation is especially important because neither sexual frequency nor
sexual satisfaction reached substantiality in the main analyses according to the SESOI

(independently of the inclusion of contraceptive satisfaction as a predictor). The current
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study’s results suggest contraceptive satisfaction to be the only substantial predictor among
the measured variables for contraceptive switches.

In addition to main effects for contraceptive satisfaction the literature also indicates
that contraceptive satisfaction interacts with hormonal contraceptive use, as high rates of
discontinuation due to dissatisfaction were found among hormonal contraceptive users (e.g.,
Moreau et al., 2007; Oddens, 1999; Peipert et al., 2011). Results of the current study align
overwhelmingly with existing literature as the interaction term of contraceptive satisfaction
and hormonal contraceptive use was found to be substantial, with a 7% - 8% smaller
probability to switch for hormonal contraceptive users when their contraceptive satisfaction
increased by 1 point compared to non-hormonal contraceptive users. Despite substantial
AMEs, one has to be cautious interpreting the interaction term, as the interaction did not
differ from zero with a 99.7% CI in all models.

Previous research suggested, (hormonal) side effects may be responsible for
discontinuation because of dissatisfaction (Fathizadeh et al., 2011; Littlejohn, 2012; Peipert et
al., 2011; Villavicencio & Allen, 2016). As these factors were not examined in the present
study's research question, future studies ought to explore the impact of side effects on the

satisfaction rate of contraceptive users.

Is the Importance of Contraceptive Satisfaction Plausible?

The conclusion that contraceptive satisfaction is a crucial predictor of contraceptive
switches is not only comprehensible, but also plausible. Initially, one can conceptualize
contraceptive users as consumers of a particular contraceptive commodity (Weisberg et al.,
2013). Therefore, examining market models and consumption behaviors can also elucidate
contraceptive consumption behavior. Moreover, the literature indicates that satisfaction

significantly impacts consumption intentions.
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With regard to health behavior, Kui-Son et al. (2004) discovered that patient’s
satisfaction was positively linked to behavioral intentions, including recommending
willingness, purchasing intentions and intentions of positive feedback. Similar results were
obtained by Woodside et al. (1989). From a market-based perspective, Kalia et al. (2016)
discovered that online consumer satisfaction positively correlates with future purchase
intentions. The study further noted that this satisfaction mediates the influence of perceived
service quality on future purchase intentions.

Kui-Son and colleagues (2004) argue that cognition impacts satisfaction, thereby
determining the behavioral intention. Additionally, Martin et al. (2008) and Kalia et al.
(2016) contend that satisfaction results from the difference between a consumer's expected
outcome and the actual product, aligning with Kui-Son et al.'s (2004) cognitive perspective.
This emphasizes the importance of understanding the influence of consumer expectations on
satisfaction and the subsequent behavioral intentions. It is plausible that satisfaction impacts
behavioral intention, thus affecting actual behavior, with dissatisfied users feeling the need to
adjust (i.e., switch) their consumption.

This argument aligns with the theory of planned behavior (Fishbein & Ajzen, 1975),
which has been successfully used in predicting both health behaviors (Fekadu & Kraft, 2002)
and contraceptive behavior (Fazekas et al., 2001). Regarding continuous use of
contraceptives, the attitude towards this behavior may depend on the satisfaction with the
chosen method. Without the influence of external factors, a woman who experiences side
effects and is dissatisfied with hormonal contraceptives may develop the perception that
continued use is not beneficial. As a result, she may have no intention to continue using
hormonal contraceptives, and in reality, discontinues its usage. However, note that Fishbein
and Ajzen (1975) discuss the scarce evidence for the association of attitudes with intentions

and behavior.
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What can we Learn for Causal Inference?
This study provided initial evidence based on longitudinal data for causal effects of
contraceptive satisfaction, hormonal contraceptive use, and its interaction with contraceptive

satisfaction on the probability to switch and thus discontinuous contraceptive behavior.

The Causal Network

This study did not find any effects for the predictors of sexual satisfaction or sexual
frequency on probability to switch, independently of whether we controlled for contraceptive
satisfaction or not. This contradicts previous research indicating their importance for
continuous contraceptive use (Higgins & Smith, 2016; Higgins et al., 2022) and identifying
them to as predictors for continuous contraceptive use (e.g., Ersek et al., 2010; Frost et al.,
2007; Kerns et al., 2003; Malmborg et al., 2015; Westhoff et al., 2007).

Finding no effects for sexual frequency and satisfaction could provide additional
insight into literature criticizing the correlational cross-sectional study designs and discussing
that finding no or positive effects of hormonal contraceptives on measures of sexuality might
be due to contraceptive discontinuation because of hormonal side effects (e.g., Botzet et al.,
2021; denoted as “attrition effects”). In short, the hypothesis is that women who experience
negative effects (e.g., lower sexual frequency and satisfaction due to hormonal side effects),
might switch from hormonal to non-hormonal contraceptives, covering negative and resulting
in positive effects of hormonal contraceptives on sexuality in correlational cross-sectional
designs. The hypothesis of switches in contraceptive methods because of reduced sexual
frequency or sexual satisfaction could not be confirmed in the current study (even in models

estimating their direct effects without control for contraceptive satisfaction), providing
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evidence that causal effects based on cross-sectional studies are not likely to be distorted by
switches in contraceptive methods because of hormonal side effects.

Furthermore, pregnancy-related variables (i.e., pregnancy avoidance and pregnancy
feelings) appear to influence switching behavior between contraceptive methods. Focusing on
pregnancy avoidance, Jones (2017) analyzed the initial two waves of the here used CCCU
sample and discovered that higher pregnancy avoidance was associated with more than two
times higher odds of consistent contraceptive use. Likewise, Frost et al. (2007) discovered
ambivalence about pregnancy avoidance to be associated with discontinuous contraceptive
use in a nationally representative sample. Therefore, contrary to variables related to sexuality,
the present study strongly indicates that the inclusion of pregnancy prevention in the causal

network is essential for drawing conclusions about contraceptive discontinuation.

Constraints on Causal Inference

Further Unobserved Confounders. The extent to which this study included an
exhaustive list of predictors and observed selection variables remains unclear. Table 1 in
VanderWeele et al. (2020) provides a list of numerous covariates that were not included in
the current study due to the pre-existing nature of the data, such as, among others, Big Five
personality or political affiliation.

Especially for the Big Five it seems plausible that personality traits such as openness
or extraversion may influence women to initially choose hormonal contraceptives (i.e.,
because they do not fear potential side effects). However, it may later lead women to switch
contraceptives (i.e., because they frequently engage in the discussion about hormonal
contraceptives). Results of Botzet et al. (2021) support this argumentation for the Big Five.
They discovered that openness was negatively associated with current hormonal

contraceptive use whereas conscientiousness was positively associated with it. In the same
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way, liberalism or the social network — which was shown to influence contraceptive use
(Bornstein et al., 2021) — might function as confounders for the here found effects on
contraceptive switches.

Furthermore, although this study incorporated selection variables related to sudden
medical problems or health problems, it is crucial to include more extensive information
about for example medication into the selection variables. The same applies to obtaining
more comprehensive information regarding an individuals’ health status. For instance,
decisions or recommendations from healthcare providers regarding the selection or change of
contraceptives may rely on an individual's medical history, including factors such as high
blood pressure and arterial thrombosis (Brito et al., 2011).

Following the suggestions of Rohrer (2019) and Rohrer and Lucas (2020) for causal
inferences in longitudinal analyses, this study provides a list of observed confounders that
were used in analyses. However, the list of observed confounders is not exhaustive. Future
studies may benefit from investigating the association between the proposed variables and
patterns of contraceptive use, as well as incorporating additional selection variables in the
analysis to further elucidate the role of confounders in contraceptive switches and,
subsequently, the causal structure of effects.

Systematic Missingness. This present study aimed to investigate the impact of
excluding potentially distorting sub-samples in two robustness analyses on the observed
effects. Analyses showed that results were overwhelmingly robust. There were two relevant
sources of systematic missingness that we could not investigate further. First off,
contraceptive switches of women who did not have sexual intercourse could not be
incorporated in our analyses. And second, women who used no contraceptive method in the
current or in the last wave and thus did not switch between hormonal and non-hormonal

contraceptive methods could not be incorporated in our analyses due to missingness in
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contraceptive satisfaction. Based on the current study we cannot infer anything about women
who stop using a contraceptive method but do not start using another method and women
who start using a contraceptive method but used no contraceptive method before. Future
research would thus profit from including women that did not have sex or used no
contraceptive method. This is particularly important when the aim is to investigate the
broader category contraceptive discontinuation instead of focusing solely on contraceptive

switches.

What can we Learn to Support Women’s Experiences with Contraceptive Methods?

Investigating how to promote uninterrupted contraceptive use is crucial not only to
prevent unwanted pregnancies but also to improve women’s experiences with contraceptive
methods. Based on the results of the current study, we recommend to prioritize contraceptive
satisfaction to address contraceptive switches, especially among hormonal contraceptive
users. This is particularly important, because sexual satisfaction and sexual frequency were
non-significant predictors of switching behavior and could not explain the effect of
contraceptive satisfaction on contraceptive switches.

In order to improve contraceptive satisfaction (and thus contraceptive continuation),
the primary objective for future research is to understand the reasons for contraceptive
dissatisfaction. Women regularly discuss side effects of (hormonal) contraception (e.g., heavy
flow, increased hunger, mood swings; see Le Guen et al., 2021). These side effects may
contribute to contraceptive dissatisfaction and should be a focus of future research on reasons
for contraceptive satisfaction. To promote contraceptive satisfaction and contraceptive
continuation in women'’s daily lives, these findings could then be used to design a
contraceptive method that has fewer of the relevant side effects that lead to contraceptive

dissatisfaction and thereby contraceptive discontinuation.
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However, another way to improve contraceptive continuation might be to help each woman
to find her “perfect” contraceptive method, for example through contraceptive counseling that
is tailored to women's individual needs. Here, transparency and consideration of women's
perspectives seem to play a crucial role in supporting continuous contraceptive use (Merki-
Feld et al., 2018). As one possible approach, Moreau et al. (2007) recommend counseling that
focuses on the patient and her contraceptive expectations in order to identify the most
appropriate method and increase contraceptive satisfaction. However, Moreau et al. (2007)
also report that research on counseling is scarce, and according to a review by Halpern et al.
(2013), only three out of nine trials showed benefits of counseling for contraceptive
continuation. Therefore, the efficacy of counseling in order to improve the contraceptive fit —

and thus contraceptive satisfaction and continuation — remains uncertain.

Strengths of the Current Study

Various contraceptive methods were included in the broader categories of hormonal
and non-hormonal contraceptives, expanding the range of methods examined for switching
behavior compared to the commonly criticized single method. This contributes to filling a
gap in the literature (Higgins et al., 2008; Inoue et al., 2015; Littlejohn, 2012). Additionally,
this study's sample size, despite the complex exclusion process, was comparable to or larger
than samples in previous studies on hormonal contraceptive use (e.g., Malmborg et al., 2015;
Rocca et al., 2013).

Additionally, this study had several key strengths that support causal inference and
warrant further emphasis. Compared to previous cross-sectional studies, this longitudinal
study specifically addressed contraceptive switches in modeling predictors of switching
behavior over a two-year period. Furthermore, this study included observed selection
variables and estimated effects’ sensitivity to unobserved selection variables as well as

robustness of effects when excluding specific sub samples. To summarize, this study's
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longitudinal design and thorough analyses strengthened causal inferences about predictors of
contraceptive switches. As a result, the study was able to somewhat differentiate between the

causal effects of predictors and the effects of confounders.

Limitations and Avenues for Future Research

Despite the strengths that this study has, its limitations should also be mentioned and
discussed with regard to future research. In addition to the already mentioned limitations
regarding unobserved confounders and systematic missingness, there are limitations to the
generalizability of results since the sample for the CCCU study was derived solely from the
US. It is possible that other predictors may be more relevant in different populations. In the
samples’ acquisition process, there was furthermore a high non-response rate (only 41%
responded to the study’s invitation) and a high drop-out over the four waves (only 40% of T
took part in T4), meaning that generalizability is again more limited stemming from a
potentially selective sample. With regard to the distribution of hormonal and non-hormonal
contraceptive users it might even be possible that hormonal users were more likely to take
part in the CCCU (e.qg., because they thought to have a more effective contraceptive method).
Results can thus only be cautiously generalized (for differences between this study's sample
and the population in the USA see Bishaw & Fontenot, 2014; Finegold, 2013; US
Department of Labor, 2013).

Following this, one research question for future investigation is whether there are
differences in modeling discontinuation in hormonal contraceptive use between a broader
sample of the United States and a sample outside the WEIRD population (Henrich et al.,
2010). Future research could consider using the National Family Health Survey 2015-2016 in
India (International Institute for Population Sciences, 2017). For different populations, other

predictors and selection variables may vary in importance.
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Coming to another limitation, the CCCU was conducted from 2012-2014. As results
of Lindh et al. (2016) suggested, contraceptive use patterns and reasons for discontinuation
may change over time to some extent. Increased usage of social media in the current decade
(Auxier & Anderson, 2021) could lead to a broader discussion about contraceptive methods.
Such discourse could result in more controversial attitudes towards hormonal contraceptives.
Consequently, this study solely portrays contraceptive switches between the years 2012 to
2014. Future research should shed light on how switches or discontinuation of hormonal
contraceptives can be explained in the 2020s. Future research using a more recent sample
should examine whether the here found effects can still be found in a more recent sample
from the 2020s. Future research should analyze whether the effects discovered here still hold
with a more current sample from the 2020s. Given the six-month inter-wave interval in this
study, researchers could potentially increase the number of waves or decrease the inter-wave
interval for improved modeling of switches.

Finally, future studies should investigate methods to enhance contraceptive
satisfaction and promote continuous use, translating theoretical results into practical
applications. Such research may facilitate self-directed, satisfied, and sustained contraceptive

selection.

Conclusion

We studied contraceptive switches in a longitudinal design. Women who were less
satisfied with their contraceptive method were more likely to switch their contraceptive
method. Women who used hormonal contraception were more likely to switch on average,
but this difference could in part be accounted for by differences in satisfaction and observed
confounders. Sexual frequency and sexual satisfaction did not predict switching behavior.

Future research should study further confounders, contemporary data, non-WEIRD samples,
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and try to reduce systematic missingness. A better understanding of why women switch or

discontinue their contraceptives could help reduce unplanned pregnancies and abortions.
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