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Objective:We developed and validated a pragmatic risk assessment tool for identifying contraceptive discontin-
uation among Kenyan women who do not desire pregnancy.
Study design:Within a prospective cohort of contraceptive users, participants were randomly allocated to deriva-
tion (n = 558) and validation (n = 186) cohorts. Risk scores were developed by selecting the Cox proportional
hazards model with the minimum Akaike information criterion. Predictive performance was evaluated using
time-dependent receiver operating characteristic curves and area under the curve (AUC).
Results: The overall contraceptive discontinuation rate was 36.9 per 100 woman-years (95% confidence interval
[CI] 30.3–44.9). The predictors of discontinuation selected for the risk score included use of a short-termmethod
or copper intrauterine device (vs. injectable or implant), method continuation or switch (vs. initiation), <9 years
of completed education, not having a child aged<6months, and having no spouse or a spouse supportive of fam-
ily planning (vs. having a spouse who has unsupportive or uncertain attitudes towards family planning). AUC at
24 weeks was 0.76 (95% CI 0.64–0.87) with 70.0% sensitivity and 78.6% specificity at the optimal cut point in the

derivation cohort. Discontinuation was 3.8-fold higher among high- vs. low-risk women (95% CI 2.33–6.30). AUC
was 0.68 (95% CI 0.47–0.90) in the validation cohort. A simplified score comprising routinely collected variables
demonstrated similar performance (derivation-AUC: 0.73 [95% CI 0.60–0.85]; validation-AUC: 0.73 [95% CI 0.51–
0.94]). Positive predictive value in the derivation cohort was 31.4% for the full and 28.1% for the simplified score.
Conclusions: The risk scores demonstratedmoderate predictive ability but identified large proportions of women
as high risk. Future research is needed to improve sensitivity and specificity of a clinical tool to identify women at
high risk for experiencing method-related challenges.
Implications:Contraceptive discontinuation is amajor driver of unmet contraceptive needglobally. Few tools exist
for identifying womenwhomay benefit most from additional support in order to meet their contraceptive needs
and preferences. This study developed and assessed the validity of a provider-focused risk prediction tool for con-
traceptive discontinuation among Kenyan women using modern contraception. High rates of early discontinua-
tion observed in this study emphasize the necessity of investing in efforts to develop new contraceptive
technologies and stronger delivery systems to better align with women's needs and preferences for voluntary
family planning.
© 2020 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license (http://

creativecommons.org/licenses/by/4.0/).
57236, Seattle, WA 98195, USA.
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1. Introduction

Globally, an estimated 220 million women at risk for an unplanned
pregnancy are not using contraception [1–3]. Meeting women's contra-
ceptive needs is a priority for reproductive justice [4] and for improving
maternal and newborn health [5,6]. Increasingly, discontinuation is
er the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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recognized as a key driver of unmet contraceptive need [7–10]. By 1
year, over one third of women using modern, reversible contraceptive
methods discontinue contraception in low- and middle-income
countries [11]. Method-related problems, such as side effects and diffi-
culty usingmethods, are themost common reasons given for discontin-
uation [11,12]. Helping women who wish to avoid pregnancy but who
experience contraceptive method-related challenges achieve their
reproductive goals is critical for preventing unintended and mistimed
pregnancy.

Current family planning (FP) guidelines emphasize tailoring
counseling to individual needs and focusing on essential information,
with the goal of helping women identify the contraceptive method
that will best meet their personal needs [13]. Recent studies suggest
that quality of FP counseling, including provision ofmethod information
and counseling on options for switching methods if dissatisfied, is pro-
tective against early discontinuation [14–18]. Several randomized trials
have also found that low-intensity interventions such as SMS reminders
result in improved continuation rates [19–21]. However, current
counseling guidelines do not aid providers in identifying women at
highest risk of method-related discontinuation who could benefit from
FP counseling or support specifically focused on meeting contraceptive
needs and preferences. Intensive counseling may be burdensome or ir-
relevant to many women seeking FP services. Given the reality of
time-constrained FP visits, tools that can support providers to more ef-
fectively tailor their counseling messages are needed.

Risk scoring systems have been developed for a variety of adverse
health outcomes in sub-Saharan Africa [22–24]. However, tools to iden-
tify women whomay benefit most from additional counseling and sup-
port to ensure their contraceptive needs and preferences are met have
not been constructed. We developed an empiric prediction tool that
could be used by FP providers to identify women at highest risk for con-
traceptive discontinuation.

2. Methods

2.1. Study population

Weused data from theMobile Data Collection for Contraceptive Use,
Behaviors and Experience (mCUBE) study, a prospective cohort study of
women's contraceptive experiences. Study participants were enrolled
February–May 2018 while attending FP or maternal and child health
clinics within 10 public health facilities in 5 counties of Western Kenya
(Bungoma, Homa Bay, Kakamega, Kisumu and Nyamira). Women
were eligible if they were ≥18 years old (or an emancipated minor
≥14 years old with a previous pregnancy); had daily access to a mobile
phonewith a Safaricom SIM card; were able to read and respond to SMS
in English, Swahili or one of two local languages (Luo or Kisii) either
alone or with the help of a trusted person; andwere currently initiating,
continuing or switching to a modern, reversible contraceptive method.
Modern methods included injectables, implants, intrauterine devices
or systems (IUDs), oral contraceptive pills (OCPs), emergency contra-
ceptive pills, condoms, diaphragms, lactational amenorrhea, Standard
Days Method and TwoDay Method [25].

2.2. Data collection

Datawere collected through structured SMS surveys operated by the
Kenya-based company mSurvey (Nairobi, Kenya). Study staff adminis-
tered an enrollment SMS survey, capturing information on
sociodemographic characteristics, reproductive and contraceptive his-
tory, contraceptive use, fertility goals, and perceived quality and satis-
faction with FP services. Participants received weekly follow-up SMS
surveys for 24 weeks that captured information on contraceptive use,
method type, reasons for switch or discontinuation (if applicable), side
effects and healthcare utilization. Details on contraceptive method and
discontinuation ascertainment are provided in the Online Appendix.
2

2.3. Ethical considerations

All study procedures were approved by the Maseno University Ethi-
cal Review Committee. Participants signed a written consent form prior
to any study procedures. TheUniversity ofWashington's (UW's)Human
Subjects Division (HSD) determined that ethical approval fromUWwas
not required as the UW research team was not considered engaged in
human subjects research; however, this specific analysis was approved
by UW HSD.

2.4. Risk score development and validation

Contraceptive discontinuation was defined as a period of ≥2 consec-
utive weeks during whichwomen self-reported that they were not cur-
rently using any modern contraceptive method. We defined
discontinuation based on a ≥2-week period in order to capture short-
term discontinuation episodes that have not been widely explored in
the published literature. Method switcheswere considered as continua-
tion unless a ≥2-week period elapsed with nomodern method use. Our
analytic sample comprised participants with complete baseline data for
all risk factors considered and at least one complete observation during
follow-up. Women who desired a pregnancy in the next year were ex-
cluded, as they were expected to be more likely to discontinue to be-
come pregnant rather than for method-related reasons [26]. Potential
predictors considered for the risk score included sociodemographic
and clinical characteristics routinely collected in Kenyan FP clinics. Addi-
tional potential predictors not routinely collected (education, whether
her spouse supported her contraceptive use, feelings about a hypothet-
ical near-termpregnancy, side effects history and perceived quality of FP
care) were also evaluated.

For score development and validation, 75% were randomly assigned
to a derivation cohort to select the prediction model and the remaining
25% to a validation cohort. Due to the relatively high level of interval
censoring (3194/15,266 or 21% of weekly observations), we imputed
weekly self-reported method use by carrying forward the last observa-
tion and carrying backward the next observation; we did not impute
after a participant's final complete weekly report (Online Appendix).
In the derivation sample, stepwise selection was used to identify the
Cox proportional hazardsmodel with theminimumAkaike information
criterion [27]. If potential predictors were collinear in the full sample,
the variable with a greater scientific basis for inclusion based on the
published literature was included prior to model selection. Covariates
considered in model selection are in Table 1. A full risk score model
using all variables selected in the stepwise model as well as a simplified
model comprising variables routinely collected in FP clinicswas created.

To construct risk scores, points were assigned to each variable by
taking the ratio of its coefficient to the minimum coefficient in the mul-
tivariable Cox model rounded to the nearest integer [22,23]. We
assessed predictive value of the risk score using receiver operating char-
acteristic (ROC) curves and area under the curve (AUC) estimates at 12
and 24 weeks using an inverse-probability-of-censoring-weighting ap-
proach for right-censored data (Online Appendix) [28]. The 12- and
24-week time points were selected to assess rapid discontinuation
after uptake and at the maximum follow-up time, respectively. Time-
dependent sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) were estimated, with optimal cut
points defined by Youden's J statistic. Risk score performance was eval-
uated in the validation and full cohorts using time-dependent AUC-ROC
analysis.

Several sensitivity analyses were conducted. First, in addition to ex-
cluding women desiring pregnancy in the next year, the primary risk
score was reconstructed additionally excluding women who desired a
future pregnancy but were unsure when. Second, the full risk score
was fit using a subdistribution hazard model [29], with discontinuation
for pregnancy desire as a competing risk. We modeled missing reason
for discontinuation using multiple imputation with chained equations



Table 1
Sociodemographic, reproductive and FP characteristics of the derivation and validation co
horts at study enrollment

Derivation cohort
(n = 558)

Validation cohort
(n = 186)

n (%) n (%) p value
Sociodemographic characteristics
Age category (years)
≤20 43 (8) 16 (9) .66
21–25 211 (38) 77 (41)
26–30 153 (27) 53 (28)
31–35 87 (16) 24 (13)
>35 64 (11) 16 (9)

Completed education <9 years 283 (51) 93 (50) .87

Relationship status
Not married (legal or presumed) 103 (18) 36 (19) .96
Spouse supportive of FP 422 (76) 139 (75)
Spouse not supportive of FP or
unsure of spousal support

33 (6) 11 (6)

Reproductive characteristics
Number of living children [median
(IQR)]

2 (1–3) 2 (1–3) .43

Does not have a child aged
<6 months

392 (70) 132 (71) .85

Fertility intentions
Unsure intention to have children
or unsure of preferred timing

116 (21) 31 (17) .55

Desires no future children 121 (22) 38 (20)
Desires next pregnancy in
1–2 years

48 (9) 19 (10)

Desires next pregnancy in
>2 years

273 (49) 98 (53)

Pregnancy in the short-term future
would be:
Not sure 72 (13) 27 (15) .77
A big problem 315 (56) 98 (53)
A small problem 48 (9) 15 (8)
No problem 123 (22) 46 (25)

Characteristics of FP services
received

Contraceptive method type
Injectables 226 (41) 84 (45) .50
Implant 241 (43) 79 (42)
Intrauterine device (Cu-IUD/IUS) 376 (6) 10 (5)
Pillsa 31 (6) 5 (3)
Other modernb 24 (4) 8 (4)

FP user type
Initiating contraception 146 (26) 48 (26) .89
Switching from one method type
to another

70 (13) 21 (11)

Continuing method used in past
month

342 (61) 117 (63)

History of contraceptive side effects
No 289 (52) 95 (51) .14
Yes 258 (46) 91 (49)
Unsure 11 (2) 0 (0)

Traveled less than 30 min to reach
health facility

351 (63) 118 (63) .90

Quality of care and satisfaction
“Very satisfied”with services
received

267 (48) 86 (46) .70

Felt that her privacy was not
protected during the visit

33 (6) 14 (8) .43

Felt provider gave:
Accurate information 50 (9) 15 (8) .71
Inaccurate information or unsure
of accuracy

508 (91) 171 (92)

Felt provider's treatment was “very
respectful”

493 (88) 160 (86) .40

Number of items in Method
Information Index received
[median (IQR)]c

3 (1–3) 3 (1–3) .81

(continued on next page)

Table 1 (continued)

Derivation cohort
(n = 558)

Validation cohort
(n = 186)

Feelings about using FP:
No fears or concerns 353 (63) 127 (68) .35
Reported having fears or
concerns

184 (33) 55 (30)

Unsure of having fears or
concerns

21 (4) 4 (2)

Notes: p values obtained using χ2 test for proportion or Wilcoxon rank-sum test o
medians for continuous measures.

a Pills include daily combined and progestin-only oral contraceptives.
b Other modern methods include condoms, fertility-awareness-based methods (LAM,

TwoDay Method, Standard Days Method) and emergency contraceptive pills.
c The Method Information Index is calculated based on three questions: “During your

visit, (1) were you informed about other methods? (2) Were you informed about side
effects or problems with themethod? (3)Were you toldwhat to do if you had side effect
of problems with the method?”. Responses were summed to provide a count of the num
ber of counseling items received, from 0 (received none of these counseling items) to 3
(received all items).
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[30]. Third, we explored an alternative methodology for variable selec-
tion using the Cox extension of the least absolute shrinkage and selec-
tion operator (LASSO) with a grouped penalty for categorical
covariates (Online Appendix). Comparative performance of the
stepwise- and LASSO-Cox risk scores is of interest, as LASSOmay reduce
overfitting compared to standard stepwise approaches [31]. Finally, we
rederived the risk score using an alternative definition of discontinua-
tion that required 4, rather than 2,weeks ofmethodnonuse to assess ro-
bustness of our findings to selection of the discontinuation interval.
Additional sensitivity analyses to assess the potential impact of mea-
surement error in self-reportedmethod use are presented in the Online
Appendix. All analyses were conducted in Stata v15.1 (StataCorp, Col-
lege Station, TX, USA) and R v3.6.2 (The R Project for Statistical
Computing).

3. Results

Of 1212 mCUBE study participants, 744 (61%) were included in this
analysis; 255 (21%)were excluded due tomissing enrollment character-
istics, 91 (8%) due tomissing follow-up, 68 (6%) due tomissing both en-
rollment and follow-up data and 54 (4%) due to reported desire to
become pregnant within 1 year. Among participants with complete en-
rollment data, we observed no differences in having any completed
follow-up (defined as response to at least one weekly survey) or dura-
tion of completed follow-up bymethod type. Additional details on char-
acteristics of the analytic sample are provided in the Online Appendix.
Median age was 26 years (interquartile range [IQR] 23–31), and half
(51%) reported completing <9 years of education (Table 1). Most
(94%) women had at least one prior pregnancy, with 30% having a
child <6 months old. Three quarters of participants reported having a
partner who supported her FP use. Implants (43%) and injectables
(42%) were the most prevalent contraceptive methods at enrollment.
The full cohort contributed 268.2 woman-years of follow-upwith 99 in-
cident contraceptive discontinuation events, for an overall incidence of
36.9 per 100 woman-years (95% confidence interval [CI] 30.3–44.9)
(Fig. 1). Overall, 38% of women were initiating contraception or
switching to a new contraceptive method at enrollment. Among these
women, we observed a discontinuation rate of 25.7 per 100 woman-
years (95% CI 17.6–37.5 per 100 woman-years), corresponding to a
12-month cumulative incidence of 22.7% (Fig. 1). Discontinuation rates
by user and method type are provided in the Online Appendix. Most
(119/194, 61%) women newly initiating contraception were motivated
by a change in their perceived risk of unintended pregnancy, while
15% (30/194) cited birth spacing and 9% (17/194) a recent increase in
sexual activity. Among method switchers, 60% (55/91) switched due
to side effects or health concerns with their prior method. There were



Fig. 1. (A) Contraceptive discontinuation by 24 weeks, by cohort. Notes: p values calculated using the regular log-rank test with weights equal to 1. (B). Contraceptive discontinuation by
24 weeks, by FP user type (method initiator, switcher or continuer). Notes: p values calculated using the regular log-rank test with weights equal to 1.
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few differences between the derivation and validation cohorts. Com-
pared to participants included in the analysis, excluded participants
had lower education attainment and were more likely to desire no fu-
ture children, use other modern methods (condoms or fertility-
awarenessmethods) and report fears about using FP (OnlineAppendix).

3.1. Risk score development

Incidence of discontinuation in the derivation cohort was 37.3 per
100 woman-years (95% CI 29.7–46.7) (Fig. 1). The full risk score
4

included the following variables: method type, continuing or switching
methods, vs. contraceptive initiation, <9 years of completed education,
not having a child aged <6 months, being unmarried and having a
spouse supportive of FP (Table 2). Injectables and implants were com-
bined into a single reference category for method type; this post hoc de-
cision was based on the similar risk of discontinuation observed among
women using these methods (adjusted hazard ratio: <1.01). Due to the
small number of women using emergency contraceptive pills, fertility-
based methods and condoms in our sample, these methods were also
grouped in a single category in the analysis. Reporting an unsupportive



Table 2
Adjusted hazard ratios of multivariable risk score models on contraceptive discontinuation in the derivation cohort.

Full risk score Simplified risk score

HR (95% CI) Points HR (95% CI) Points

Contraceptive method type
Cu-IUD/IUS 1.58 (0.67–3.72) 1 1.56 (0.66–3.66) 1
Pillsa 3.16 (1.59–6.26) 3 3.32 (1.68–6.57) 3
Other modernb 5.32 (2.46–11.42) 4 4.95 (2.32–10.59) 4
Reference: injectables, implants Ref. 0 Ref. 0

FP user type
Continuing method used in past month 2.25 (1.14–4.23) 2 2.41 (1.23–4.73) 2
Switching from one method type to another 2.10 (0.88–5.06) 2 2.07 (0.87–4.97) 2
Reference: initiating contraception Ref. 0 Ref. 0
<9 years of completed education 1.62 (1.01–2.60) 1 -- --
Does not have child aged < 6 months 1.60 (0.89–2.86) 1 1.57 (0.88–2.82) 1

Relationship status
Spouse supportive of FP 4.58 (0.63–33.24) 3 -- --
Not married (legal or presumed) 7.34 (0.97–55.21) 4 1.70 (0.98–2.93) 1
Reference: spouse unsupportive/unsure of spousal support Ref. 0 -- --
Maximum score 12 8

Notes: Variables included in the full risk score model were selected using stepwise forwards and backwards selection to identify the Cox model with the minimum AIC value. The Efron
approach was used to handle ties. The simplified risk score was developed by removing features in the full risk score that are not routinely collected (either verbally or in written docu
mentation) in Kenyan public health facilities. β is the Cox proportional hazards model coefficients (nonexpontentiated).

a Pills include daily combined and progestin-only oral contraceptives.
b Other modern methods include condoms, fertility-awareness-based methods (LAM, TwoDay Method, Standard Days Method) and emergency contraceptive pills.

Fig. 2. Receiver operating characteristic curve and optimal cut points of risk scores.
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Table 3
Predictive performance of full and simplified risk scores on contraceptive discontinuation
at 24 weeks, by cohort

Cohort

Panel A. Full risk score Derivation Validation Full

Proportion defined as “high risk” 41.8% 40.3% 41.4%
Sensitivity 70.9% 58.6% 67.9%
Specificity 78.6% 77.8% 78.3%
Positive predictive value 36.6% 31.4% 35.3%
Negative predictive value 93.9% 91.5% 93.3%

Panel B. Simplified risk score
Proportion defined as “high risk” 63.4% 61.3% 62.9%
Sensitivity 80.6% 74.9% 79.2%
Specificity 57.1% 66.7% 60.9%
Positive predictive value 24.7% 28.1% 26.1%
Negative predictive value 94.4% 93.9% 94.4%

Notes: The full risk score includes the following variables: use of Cu-IUD, pills or othe
modern method (condoms or fertility-awareness-based methods) (vs. injectables or im
plants); switching methods or continuing a contraceptive method at clinic attendance
(vs. newly initiating contraception); <9 years of completed education; not having a
child <6 months of age; being unmarried or having a partner who is supportive of the
participant's contraceptive use. The simplified risk includes only the following subset o
variables: use of Cu-IUD, pills or other modern method (condoms or fertility-awareness
based methods) (vs. injectables or implants); switching methods or continuing a contra
ceptive method at clinic attendance (vs. newly initiating contraception); not having a
child <6 months of age and being unmarried. All estimates calculated for score cu
point, defined as optimal based on maximizing Youden's J statistic. This corresponds to a
score of >6 for the full risk score and >2 for the simplified risk score. All values calculated
at 24 weeks.
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spouse or being uncertain of spouse's support for FPwas associatedwith
contraceptive continuation. The median score in the derivation cohort
was 6 (IQR 5–7; range 0–12) (Table 2). The AUC was 0.76 at 24 weeks
(95% CI 0.64–0.87) and 0.70 at 12 weeks (95% CI 0.63, 0.78) (Fig. 2A).
At the optimal cut point of 6, 41.8% (n = 233) were identified as high
risk, with 70.9% sensitivity, 78.6% specificity and 36.6% PPV at
24 weeks (Table 3). Discontinuation risk was 3.8-fold higher among
women with risk scores >6 vs. ≤6 (95% CI 2.33–6.30) (Fig. 3A).

A simplified risk score that excluded variables not routinely collected
(spousal support for FP and educational attainment) had amedian value
of 3 points in the derivation cohort (IQR 2–3; range: 0–8) (Table 2). Per-
formance of the simplified score was similar to the full score, with a 24-
week AUC of 0.73 (95% CI 0.60–0.85) and 12-week AUC of 0.67 (95% CI
0.59–0.75) (Fig. 2A). The score demonstrated 80.6% sensitivity, 57.1%
specificity and 24.7% PPV at the optimal cut point of 2, with 63.4%
(n=354) defined as high risk (Table 3). Discontinuation riskwas signif-
icantly higher among women with scores of >2 (vs. ≤2) (hazard ratio:
2.46, 95% CI 1.40–4.34) (Fig. 3A). Both risk scores demonstrated
improved predictive ability over any single score component (Online
Appendix).

3.2. Risk score validation

In the validation cohort, incidence of discontinuation was 35.9 per
100 woman-years (95% CI 24.0–53.5) (Fig. 1). The 24-week AUC was
0.68 (95% CI 0.47–0.90) for the full and 0.73 (95% CI 0.51–0.94) for the
simplified risk score (Fig. 2B). The full risk score demonstrated 58.6%
sensitivity and 77.8% specificity at the cut point defined in the derivation
cohort, while the simplified score had 74.9% sensitivity and 66.7% spec-
ificity (Table 3). The risk scores demonstrated similar predictive ability
in the full cohort (Table 3B, Online Appendix).

3.3. Sensitivity analyses and alternative methodological approaches

Overall, 60% (n = 45/75) of women reporting method discontinua-
tion in the derivation cohort were missing reason for discontinuation
(Online Appendix). To assess the possible impact of including discontin-
uation in our analyses due to desire for pregnancy, we conducted two
6

sensitivity analyses: first, treating discontinuation for pregnancy desire
as a competing risk; and second, additionally excluding women unsure
of the preferred timing of next pregnancy. Both analyses yielded similar
estimates as the primary model (Online Appendix). Alternative model
selection using the LASSO-Cox approach resulted in a similar prediction
model, selecting all variables from the full risk score and several addi-
tional variables (fertility intentions and perceived accuracy of informa-
tion provided during FP visit), and predictive performance (Online
Appendix). Our results were also robust to an alternative definition of
discontinuation that required at least 4 weeks of nonuse and to a num-
ber of additional sensitivity analyses that assessed potential measure-
ment error in self-reported method use (Online Appendix).

4. Discussion

All women seeking contraception would benefit from receiving ac-
curate, culturally relevant and personalized counseling. However, a sim-
ple algorithmcould be used to identifywomen seeking FP carewhomay
benefit most from tailored counseling on strategies for method-related
challenges to ensure that their contraceptive needs and preferences
are met. We developed and assessed the validity of a pragmatic risk as-
sessment tool in a cohort of Kenyan women seeking FP services to pre-
dict contraceptive discontinuation among women who do not wish to
become pregnant. Using an IUD or short-term modern method,
switching methods or continuing a specific method type (relative to
newly initiating contraception), having <9 years of completed educa-
tion, not having a child <6 months old, and being unmarried or having
a spouse with supportive attitudes towards FP (versus a spouse who is
unsupportive orwhose attitudes are unknown)were selected as predic-
tors in the full risk score. Both the full and simplified risk scores demon-
strated moderate predictive ability to identify contraceptive
discontinuation in the 24weeks after receiving FP services but identified
high proportions of women as high risk (>40% and > 60% for the full
and simplified score, respectively). While targeting “false positives” for
additional counseling or support may not present additional risks to
the patient, development of a score with improved positive predictive
value is necessary to address pragmatic considerations regarding addi-
tional demands on provider time.

Among the variables selected for inclusion in our risk score, several
are established risk factors for contraceptive discontinuation, including
short-term method use, being unmarried and low educational attain-
ment [7,11]. Relatively high discontinuation among IUDuserswas unex-
pected and may be explained in part by the small sample size. In a
sensitivity analysis treating discontinuation for pregnancy desire as a
competing risk, we observed a lower adjusted hazard of discontinuation
among IUD users relative to implant and injectable users; this finding
suggests that IUD users may be more likely to discontinue due to preg-
nancy desire. Further research in a larger sample that explores possible
interactions between method type and future pregnancy intentions,
planning and ambivalence is warranted. Surprisingly, we found that
contraceptive discontinuation was higher amongwomen who reported
spousal support for FP. Perceived spousal attitudes may serve as a proxy
measure for fertility intentions and attitudes towards a mistimed preg-
nancy [32,33]. In this study,we captured a single-itemmeasure for preg-
nancy ambivalence which may have inadequately captured complex
feelings towards pregnancy and parenthood [34]. Higher risk of discon-
tinuation among method continuers, compared to switchers or initia-
tors, may also be explained by unmeasured differences in the level
and intensity of motivations to prevent pregnancy. Future studies may
benefit from finer measurement of fertility intentions, pregnancy am-
bivalence and relationship dynamics [26].

Indicators of perceived quality of care and satisfaction were not se-
lected for inclusion in the full risk score. Several recent studies have
found that method information counseling reduced risk of discontinua-
tion by 64%–80% [16,18]. However, these studies included women
newly initiating or switching contraceptive methods; in contrast, 62%



Fig. 3. Survival probabilities by optimal cut points of risk scores. Notes: p values calculated using the regular log-rank test with weights equal to 1.
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of our study participants were “continuers” at enrollment, and it is plau-
sible that experienced contraceptive usersmay be less receptive to, or in
need of, introductory information on topics such as alternative contra-
ceptive method types and potential side effects.

A strength of this study is its prospective design and high-frequency
data collection. The remote nature of data collection reduced participant
burden, permitting weekly assessment of short-term and unintentional
discontinuation events that may be missed in less frequent, retrospec-
tive contraceptive history-taking. Remote data collection may also re-
duce social desirability bias [35]. Women were recruited while seeking
FP services in public facilities, and our estimates of discontinuation
among women newly initiating a contraceptive method were similar
to national data (25.8%) [36]. Facility-based recruitment also allowed
for evaluation of indicators of perceived quality and satisfaction with
7

FP services. Finally, we defined discontinuation based on 2 ormore con-
secutive weeks of reported nonuse, rather than a single week, to reduce
sensitivity to data entry errors.

Our study has several limitations. Measurement error may be higher
in self-administered surveys given the absence of a trained enumerator
to probe inconsistent responses, ensure comprehension and correct
entry errors. While we did not validate self-reported contraceptive use
usingmedical records or clinical assessment, future researchwould ben-
efit from using supplementary data sources to validate self-reports. The
SMS format encourages short survey instruments; we may therefore
have failed to measure specific drivers of discontinuation including
lack of sexual activity and experience of side effects at enrollment
among continuers. Over half of all women who discontinued did not
provide a reason, which limited our ability to differentiate method-
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related discontinuation from discontinuation for pregnancy desire.
While censoring was not associated with method type, relatively high
loss to follow-up may introduce selection bias. In addition, the number
of IUD, pill and other modern method users was small, which limited
our ability to explore predictors of discontinuation by method type and
develop method-specific risk scores. The short duration of follow-up
alsomakes our results generalizable only to early discontinuation events.

We developed and assessed validity of a pragmatic risk assessment
tool to identify women at high risk of contraceptive discontinuation
after utilization of FP services. The tool demonstrated moderate predic-
tive ability but low positive predictive value. Future research is needed
to develop provider-focused tools that can support womenwith contra-
ceptive methods and care that are better aligned with their needs and
preferences.
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