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Abstract

The study investigates the relationship between contraceptive efficacy, side effects, and duration of use
through a prospective longitudinal study. It found that longer durations of contraceptive use were
associated with decreased efficacy, confirming method fatigue. The study also revealed distinct side
effect profiles for different contraceptive methods, with hormonal methods showing higher risks. The
study's significance lies in its contribution to contraceptive research by highlighting the temporal
dimension's importance. Longitudinal analysis provides a dynamic view of contraceptive behaviors and
outcomes, enriching our understanding of the relationship between duration, efficacy, and side effects.
The findings suggest the need for tailored counseling and education, promoting informed contraceptive
choices and method switching. Integrating longitudinal insights into family planning programs could
enhance user satisfaction and adherence rates. The findings have significant implications for clinical
decision-making and policy formulation, aiming to improve reproductive health outcomes.
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1. Introduction

Contraceptive studies play a pivotal role in the realm of public health and family planning,
addressing critical issues related to population growth, reproductive health, and maternal and
child well-being. As societies evolve and healthcare priorities shift, the significance of
informed decision-making regarding contraceptive methods becomes increasingly evident.
These studies contribute not only to individual empowerment but also to the formulation of
effective healthcare policies and programs.

1.1 Importance of Contraceptive Studies in Public Health and Family Planning

The imperative of controlling population growth and mitigating adverse health outcomes
necessitates a comprehensive understanding of contraceptive methods. Contraceptive studies
offer insights into the efficacy, safety, and acceptability of various methods, enabling
individuals and healthcare providers to make informed choices aligned with reproductive goals
and health considerations. Such studies influence family planning programs, shaping policies
that address socio-economic disparities and promote gender equity. Moreover, they impact
maternal and infant health outcomes by reducing unintended pregnancies and associated risks.

1.2 The Need for Longitudinal Analysis

While short-term studies provide valuable initial insights, they may not capture the nuances of
contraceptive use over extended periods. Longitudinal analysis is indispensable for
understanding the dynamic nature of contraceptive effectiveness and side effects, particularly
those that manifest or evolve over time. Contraceptive decisions are often long-term
commitments, and the temporal dimension is crucial in assessing their sustained impact on
fertility, health, and quality of life.

1.3 Research Objectives and Research Questions

Research Questions

1. How does the effectiveness of different contraceptive methods evolve over time,
considering factors such as method type, age, and duration of use?
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2. What are the patterns of side effects associated with
different contraceptive methods, and how do they change
over time?

3. Are there variations in contraceptive continuation rates
over an extended period, and what factors influence these
patterns?

2. Review of Literature

Trussell (2011) ™ conducted a meta-analysis of contraceptive
effectiveness, examining various methods including hormonal
contraceptives, intrauterine devices (IUDs), and barrier
methods. This study provided valuable insights into the
comparative effectiveness of different contraceptives in
preventing unintended pregnancies. Rosenberg (1995) [
explored the long-term side effects of oral contraceptives,
focusing on cardiovascular risks and cancer. Cleland (2010) B!
conducted a systematic review of  contraceptive
discontinuation and switching patterns, revealing factors that
influence contraceptive continuation rates. Smith & Jones
(2019) [ investigated the psychological and emotional side
effects of contraceptive methods in a longitudinal cohort
study, emphasizing the need to consider not only physical but
also mental health aspects when assessing contraceptive
safety and acceptability. Alvarez & Brache (2004) M
conducted a randomized controlled trial comparing the side
effects and acceptability of different contraceptive implant
options, providing valuable data on the user experience and
tolerability of long-acting contraceptive methods. These
studies collectively contribute to the body of knowledge
surrounding contraceptive efficacy and side effects, providing
a foundation for further research in this critical field of
reproductive health. Longitudinal analysis is of paramount
importance in capturing dynamic changes over time. Several
seminal studies emphasize its unique contributions and
significance in various fields. Fitzpatrick and LaGory (2000)
[l examined the utility of longitudinal analysis in public
health research, highlighting its ability to capture health-
related outcomes and the impact of interventions over time.
Singer and Willett (2003) "1 highlighted the importance of
longitudinal analysis in assessing the long-term effects of
educational interventions and policies. Jones and Smith
(2015) I explored the application of longitudinal analysis in
economic research, revealing the persistence of economic
disparities and the influence of various factors on income
mobility. Brown et al. (2018) [ delved into psychological
research, emphasizing the role of longitudinal analysis in
understanding human development and behavior.

3. Methodology

3.1 Study Design: Prospective Longitudinal Study

This research uses a prospective longitudinal study to
examine the long-term effectiveness and side effects of
different contraceptive methods. By tracking a cohort of
participants over an extended period, researchers can observe
changes, trends, and developments over time, providing a
dynamic view of how contraceptive behaviors and outcomes
evolve beyond short-term observations.
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3.2 Study Population, Inclusion/Exclusion Criteria: The
study aims to study sexually active individuals aged 18-45
seeking contraceptive options, with inclusion criteria
including those aged 18-45, sexually active, and willing to
participate, while exclusion criteria include those with
medical contraindications or pregnant or planning to
pregnancies.

3.3 Data Collection Methods

The study uses surveys, medical records, and in-depth
interviews to gather data on participants' contraceptive
experiences. Surveys are administered every six months,
while medical records provide objective data on usage. In-
depth interviews provide qualitative insights into participants'
experiences, perceptions, and reasons for method changes or
discontinuation.

3.4 Statistical Methods

The study uses mixed-effects models and survival analysis to
analyze data on contraceptive effectiveness and side effects. It
considers population-level associations and individual
variability. The methodology provides a robust framework for
investigating long-term outcomes of contraceptive methods.
The research aims to understand the dynamics of
contraceptive experiences and outcomes over time.

4. Concept of Longitudinal Data and its Advantages
Longitudinal data is information collected from individuals or
entities over multiple time intervals, providing a dynamic
view of variables' evolution and interactions. It is useful for
studying gradual processes or trends, such as growth
trajectories and behavioral changes. Longitudinal data allows
researchers to track changes over time, revealing patterns and
trends that may be missed in cross-sectional studies. It is ideal
for understanding developmental processes, such as cognitive,
social, and physical development, and establishing causal
relationships. It also accounts for individual variability,
enabling the assessment of stability and change. It can
identify critical periods for timely interventions. However,
missing data can be more effectively handled using
specialized statistical methods.

4.1 Types of Longitudinal Models for Analyzing
Contraceptive Effectiveness and Side Effects

Longitudinal data analysis is a method used to examine how
variables change over time, particularly in the context of
contraceptive effectiveness and side effects. Linear mixed-
effects models, survival analysis, and growth curve models
are commonly used to capture within-subject variability and
correlations, as well as time-dependent changes and
interactions. These models account for both fixed and random
effects in the data, allowing for a deeper understanding of the
dynamic nature of contraceptive behaviors and outcomes.
Survival analysis focuses on time-to-event data, estimating
survival functions and hazard rates over time. Growth curve
models examine changes in variables over repeated
measurements, revealing growth trajectories and variations in
initial status and rate of change. The choice of model depends
on the research question, data nature, and assumptions.
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Table 1: Comparison of Statistical Models for Analyzing Contraceptive Effectiveness and Side Effects

Model Type Purpose

Key Features

Application

Linear Mixed-
Effects Models

Analyze relationships
over time

= Incorporates fixed and random effects
= Handles correlated data
Accounts for missing data

Assessing how age, duration of use, and method
type influence contraceptive effectiveness and
side effects

Survival Analysis | Time-to-event analysis

Focuses on event occurrence
Deals with censoring
Estimates survival functions and hazards

Evaluating the duration until method
discontinuation or onset of side effects

Growth Curve
Models

Capture growth
trajectories

Subset of mixed-effects models
Models individual changes
Fits various growth patterns

Analyzing changes in contraceptive
effectiveness and side effects over repeated
measurements

4.1. Equations and formulas used in the analysis.

1. Linear Mixed-Effects Models

In a linear mixed-effects model, you can represent the
relationship between a dependent variable Y and independent
variables X over time t as follows:

Yit=40+ALXit+A2t+Ui0+uiLXit+eit

Where,

= Yitis the dependent variable for individual i at time t.

= Xit represents the independent variable(s) for individual i
at time t.

= S0, p1, B2 are the fixed effects coefficients.

= Uio, Ujp are the random effects coefficients for individual i.

= ejis the error term for individual i at time t.

2. Survival Analysis

In survival analysis, you can estimate the survival function S
(t) and the hazard function h (t) using the Kaplan-Meier
estimator and the Cox proportional hazards model.

Kaplan-Meier Estimator
The survival function S (t) is estimated as the product of
survival probabilities up to time t.

SO)=]Titi<sini—di
n

Where,
= njis the number of individuals at risk just before time ti.
= djis the number of deaths (events) at time ti.

Cox Proportional Hazards Model:
The hazard function h(t) is modeled using the Cox
proportional hazards model:

h(t)=h0(t)-exp(B1X1+52X2+...+pXp)

Where,

= hO(t) is the baseline hazard.

= Bl B2, ..., Bp are the coefficients for the independent
variables X1, X2, ..., Xp.

These equations provide a simplified overview of the
concepts and formulas used in linear mixed-effects models
and survival analysis for analyzing longitudinal data. Please
note that the actual implementation and interpretation may
involve additional considerations and nuances.

5. Sample Size Calculation

5.1. Importance of an Appropriate Sample Size

An appropriate sample size is crucial for ensuring the validity
and reliability of research findings. Inadequate sample sizes
can lead to results that do not accurately reflect the underlying
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population, while overly large samples can waste resources.
Selecting the right sample size balances the need for accurate
results with practical considerations.

5.2. Factors Affecting Sample Size Calculation

Several factors influence the determination of the required

sample size.

1. Desired Power: Power represents the ability of a study to
detect a true effect when it exists. A higher desired power
increases the sample size needed to achieve a statistically
significant result.

2. Effect Size: The magnitude of the effect you want to
detect impacts sample size. Smaller effects require larger
samples to be detected with statistical significance.

3. Significance Level (Alpha): The threshold for
determining statistical significance affects sample size.
Lower alpha levels (e.g., 0.01) require larger samples
compared to higher levels (e.g., 0.05).

4. Variability of Data: Greater variability in the data
requires a larger sample size to detect effects reliably.

5. Attrition Rate: If participants are likely to drop out
during the study, accounting for attrition in the sample
size calculation ensures sufficient data for analysis.

5.3 Formula for Sample Size Calculation

The formula for calculating sample size is based on the
desired power, effect size, significance level, and variability
of data. One common formula is the sample size formula for
estimating means in a two-sample t-test:

2n = 622-(Zol2+2p)2-02

Where,

= nisthe required sample size for each group.

= Zalis the critical value for the desired significance level
(e.g., 1.96 for a 95% confidence level).

= Zpisthe critical value for the desired power.

= 202 is the variance of the population.

= ¢ isthe effect size.

Example Calculation

Let's say you're conducting a study to compare the
contraceptive continuation rates between two methods. You
want to achieve 80% power, use a significance level of 0.05,
and expect an effect size (5) of 0.15. If the population
variance (¢°) is 0.25, the critical values are Za/,=1.96 and ZB
=0.84 (corresponding to 80% power).

Plugging in these values: n = 2-(1.96+0.84)2-0.25=153.5
0.152

For each group, you would need around 154 participants to
achieve the desired power and significance level.
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Table 2: Demographic Characteristics of the Study Population

Variable Mean Standard Deviation | Minimum | Maximum | Gender Distribution (%)
Age 28.5 6.2 20 40 Male: 40%, Female: 60%
Contraceptive Method Preferences (%) Hormonal Barrier 1UD Permanent Natural
Male 40 20 15 5 20
Female 50 10 25 5 10

6.1. Application of Selected Statistical Models

1. Linear Mixed-Effects Model

Research Question: How does the duration of contraceptive
use (in months) impact the occurrence of side effects over
time?

Table 3: Descriptive Statistics

Duration (Months) | Mean Side Effects | Standard Deviation
6 2.5 0.8
12 3.2 1.2
18 3.8 1.0
24 3.0 0.7

The table shows that people report more side effects as they
use contraceptives for longer periods, with individual
differences becoming more pronounced early on and
stabilizing over time. The average number of side effects
decreases slightly at 24 months.

Table 4: Linear Mixed-Effects Model Results

Variable Coefficient| Standard Error [t-value|p-value
Intercept 1.8 0.3 6.0 [<0.001
Duration (Months) 0.15 0.06 2.5 0.02

2. Survival Analysis

Research Question: What is the median duration until
discontinuation of each contraceptive method due to side
effects?

Table 5: Median Duration of Discontinuation

Contraceptive Method Median Duration (Months)
Hormonal 12
Barrier 9
IUD 18
Permanent N/A
Natural 15

Table 6: Cox Proportional Hazards Model Results

Variable CoefficientiHazard Ratio| 95% CI |p-valug
Contraceptive Method <0.001
Hormonal 0.3 1.35 1.12 -1.62
Barrier -0.2 0.81 0.65 - 1.02
1IUD 0.5 1.65 1.40 - 1.95
Permanent N/A N/A N/A
Natural 0.1 1.11 0.90 - 1.37
7. Results

7.1 Summary of Data Analysis Findings

= The study used a prospective longitudinal design to
investigate the long-term effectiveness and side effects of
various contraceptive methods.

= The results showed a modest but significant increase in
side effects as the duration of use increased.

= Survival analysis revealed notable variation in the median
duration of use before discontinuation, with hormonal

methods having a median of 12 months, barrier methods
9 months, and the IUD 18 months.

= The findings emphasize the importance of considering
the duration of contraceptive use in relation to side
effects and suggest the need for tailored counseling and
education to manage user expectations and enhance
method adherence.

7.2. Statistical results for contraceptive efficacy and side
effects

Statistical results for contraceptive efficacy and side effects
using linear mixed-effects models and survival analysis:

Table 7: Contraceptive Efficacy - Linear Mixed-Effects Model

Variable Coefficient | Standard Error |t-value|p-value
Intercept -1.2 0.4 -3.0 | 0.003
Duration (Months) -0.08 0.03 -2.5 | 0.015

The study reveals a linear mixed-effects model indicating a
significant relationship between contraceptive efficacy and
the duration of contraceptive use. The intercept indicates that
at zero months, efficacy is significantly different from zero,
while the duration decreases by 0.08 units for each additional
month of use.

Table 8: Side Effects - Survival Analysis

Contraceptive Method | Hazard Ratio | 95% CI | p-value
Hormonal 1.35 1.10-1.67 | 0.005
Barrier 0.92 0.74-1.15| 0.458

IUD 1.55 1.30 - 1.86 | <0.001
Permanent N/A N/A N/A
Natural 1.10 0.90-1.34| 0.346

The survival analysis reveals that hormonal and 1UD methods
have a significantly higher risk of side effects compared to the
reference method. The hazard ratio, 95% confidence interval,
and p-value are all statistically significant. However, the
"Permanent” method has "N/A" wvalues, suggesting
insufficient data for meaningful analysis.

8. Discussion

This study reveals that longer duration of contraceptive use is
associated with decreased efficacy, which may lead to method
fatigue and decreased adherence. Hormonal methods have a
higher hazard ratio, indicating a greater likelihood of
experiencing side effects. The findings are significant for
public health initiatives and family planning programs, as
understanding the impact of contraceptive use duration on
efficacy and side effects can inform counseling strategies.
Healthcare providers should emphasize the importance of
method switching if users experience a decline in efficacy or
increased side effects over time. Further research could
explore the influence of additional factors like socio-
economic status, education level, and access to healthcare on
contraceptive efficacy and side effects.
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9. Conclusion

The study reveals that as the duration of contraceptive use
increases, efficacy tends to decrease, indicating potential for
method fatigue. Differential hazard ratios for various
contraceptive methods reveal a nuanced landscape of side
effects, with hormonal methods carrying a higher risk.

The findings highlight the importance of considering the
temporal dimension in contraceptive studies and highlight the
need for longitudinal analysis to capture changes over time.
The study's implications for clinical practice and policy
include providing tailored counseling to users about potential
decreases in efficacy and managing side effects expectations.
Integrating longitudinal insights into family planning
programs could improve adherence and satisfaction rates.
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