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Abstract

High dropout rates undermine the effectiveness of CBHI 
programs, prompting this study to investigate factors influ-
encing membership retention. We conducted Kaplan-Meier 
survival Analysis (KMA), Weibull Accelerated Failure Time 
(AFT), and Inverse-Gaussian Shared Frailty Models using 
data from 772 respondents. The KMA showed that reten-
tion rates declined significantly after the second year, with 
survival probabilities dropping from 96.89% in the first year 
to 46.32% by the eighth year. Cox regression identified sig-
nificant predictors of dropout, including “intention to re-
new membership (B=0.935, p<0.001), perceived healthcare 
quality (fair: B=0.559, p=0.020; good: B=0.647, p=0.007), 
and service quality (satisfactory: B=0.279, p=0.092)”. The 
Weibull AFT with Inverse-Gaussian frailty distribution con-
firmed these findings, with the shape parameter (p=2.073) 
indicating an increasing hazard function over time and the 
best-fit model, achieving the lowest AIC (874.862) and BIC 
(963.169) values.

Introduction

Community-Based Health Insurance (CBHI) schemes provide 
financial protection against healthcare costs by pooling commu-
nity resources, making healthcare more accessible and afford-
able for low-income populations, and improving overall health 
outcomes. CBHI programs leverage collective resources to dis-
tribute healthcare costs more equitably among members, en-
hancing their ability to access necessary medical services with-
out significant financial burden based on the principle of risk 
sharing among the community of insured individuals to provide 
financial protection against the impoverishing effects of health 
expenditure [1-3]. 

Enrollment in most CBHI schemes is voluntary. Typically, 
premiums are low and independent of individual health status 
[4]. There is substantial evidence that being affiliated with CBHI 
schemes is associated with an increase in healthcare utilization 
and some evidence that such schemes provide financial protec-
tion in terms of reduced out-of-pocket spending [5-42], suggest 
that the insurance had limited effects on average out-of-pocket 
expenditures in the target areas but substantially reduced the 
likelihood of catastrophic health expenditure. Despite these 

benefits, initial uptake and renewal rates in CBHI schemes tend 
to be low. Consequently, these programs often need help with 
high dropout rates, undermining their sustainability and effec-
tiveness [28,29]. Understanding the dynamics of membership 
attrition (dropout) is, therefore, critical for the success of CBHI 
programs.

Countries like India and Bangladesh have seen significant en-
rollment in CBHI schemes in Asia. However, retention remains 
challenging due to affordability, perceived quality of care, and 
administrative efficiency [11,5,6]. Due to economic disparities 
and health system inefficiencies, retention issues persist in Latin 
America, such as Mexico and Colombia [12]. CBHI programs are 
widespread in Africa, but their success varies significantly across 
countries. Studies in Ghana and Nigeria indicate that economic 
barriers, trust in the system, and health service quality signifi-
cantly aggravate attrition rates [8,6]. In contrast, Rwanda’s CBHI 
program is often cited as a success story, with high enrollment 
and controlled attrition rates attributed to strong government 
support and community involvement [13]. However, sustain-
ability remains a concern, particularly amid economic shocks 
and health system challenges.
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Recent studies have emphasized the importance of program-
specific factors in determining attrition from CBHI membership. 
Factors such as intention to renew membership, health status, 
distance to the nearest health center, community satisfaction, 
service quality, perceived healthcare quality, community partic-
ipation, premium amount, and accessibility to healthcare ser-
vices play significant roles in influencing an individual’s decision 
to remain enrolled in CBHI programs [8,5,6]. Previous studies 
in Ethiopia have highlighted economic stability, health literacy, 
and accessibility to health services as critical determinants of 
CBHI enrollment and attrition [10-14]. Additional barriers in-
clude economic instability, limited awareness about health 
insurance benefits, and variable quality of healthcare services 
[9,7,27]. Logistical challenges in premium collection and service 
delivery further complicate the retention landscape. 

The dynamics of membership attrition in CBHI programs are 
complex and multifaceted [31], which is why previous research 
has highlighted several critical factors influencing attrition, in-
cluding demographic characteristics, socioeconomic status, 
and program-specific variables [6]. While many studies have 
focused on enrollment and initial uptake of CBHI, there remains 
to be a significant gap in understanding the factors that drive 
membership dropout.

This study aims to examine the timing of attrition in CBHI 
programs and identify the factors contributing to this occur-
rence. The research employs various statistical techniques for 
analyzing survival data, including Kaplan-Meier Survival Estima-
tion, Cox Regression, the Weibull Accelerated Failure Time (AFT) 
Model, and the Inverse Gaussian Shared Frailty Model. These 
methods uncover the underlying patterns of member dropout 
in CBHI programs.

Kaplan-Meier Survival Estimation is a widely used non-para-
metric method in survival analysis that estimates the probability 
of survival beyond a specific time point [15,39]. This approach 
generates a step function representing the survival probability 
at each event, making it especially useful for handling censored 
data. Censored data refers to cases where the event of interest 
(in this case, member dropout) does not occur within the study 
period. In CBHI programs, Kaplan-Meier curves can effectively 
depict member retention rates over time, highlighting critical 
periods with an increased dropout risk. For example, [20] em-
ployed Kaplan-Meier analysis to assess member retention in 
health insurance schemes, pinpointing crucial intervals where 
attrition is more likely to occur.

Cox Proportional Hazards Regression, commonly called Cox 
Regression, is a semi-parametric method used to model the 
hazard rate as a function of covariates. It enables the evalua-
tion of the impact of multiple variables on the time of an event 
without requiring the specification of a baseline hazard func-
tion [17]. In the context of CBHI programs, Cox Regression is 
particularly beneficial as it identifies significant predictors of 
membership attrition, considering various Program specific and 
socioeconomic factors. For instance, research by [16] utilized 
Cox Regression to investigate the determinants of dropout in 
health insurance programs, demonstrating its effectiveness in 
highlighting key factors influencing member retention.

The Weibull Accelerated Failure Time (AFT) Model is a para-
metric approach to survival analysis that assumes a particular 
distribution for survival times. It models the logarithm of surviv-
al time as a linear function of covariates, providing insights into 
how these factors may accelerate or delay the time to an event 

[23]. The Weibull AFT Model’s capability to accommodate time-
varying covariates and its adaptability in modeling different haz-
ard shapes make it well-suited for CBHI studies. For example, 
[21] used the Weibull AFT Model to examine factors affecting 
the duration of enrollment in health insurance programs, iden-
tifying variables that significantly impact the timing of dropout.

The Inverse Gaussian Shared Frailty Model extends tradition-
al survival models by incorporating random effects to account 
for unobserved heterogeneity among subjects. Frailty models 
posit that individuals within the same group share a common 
frailty, which affects their hazard rates [18]. In CBHI programs, 
the Inverse Gaussian Shared Frailty Model is beneficial for in-
vestigating group-level effects on membership attrition, such as 
premium amount, geographic location or community character-
istics. Studies like those by [22] have employed frailty models 
to address unobserved heterogeneity in health insurance data, 
offering more profound insights into the factors influencing 
member behavior.

The integration of these methods facilitates a nuanced anal-
ysis of survival data, capturing the complexities of membership 
dynamics within CBHI programs. Building upon established 
research in the field, this study contributes to the broader lit-
erature on health insurance retention and sustainability. By 
identifying the factors contributing to attrition and the critical 
periods of increased dropout risk, this research provides evi-
dence-based recommendations for enhancing CBHI programs, 
thereby contributing to the sustainability and effectiveness of 
health insurance schemes. 

Methodology and analytical approach

This study aims to understand the factors influencing mem-
bership attrition in the Community-Based Health Insurance 
(CBHI) program by employing a comprehensive methodology 
and analytical approach. The primary dependent variable, “the 
time to membership attrition,” measures the total duration of 
participation in the CBHI program, from enrollment until drop-
out or renewal, providing a detailed view of membership con-
tinuity [51]. The failure variable, defined as the “decision to 
renew membership,” alongside the event variable, indicates 
whether a member has dropped out (coded as 2) or renewed 
membership (coded as 1 for censored), enabling precise iden-
tification of attrition events through survival analysis [44,33].

The study meticulously explores several independent vari-
ables, including Intention to Renew Membership, a categorical 
variable with levels Yes, No, and Undecided, coded as 1, 2, and 
3, respectively, providing insights into commitment and poten-
tial dropout risks [43]. The Premium Amount is categorized into 
four bands ($13-19, $20-28, $28-38, and $39-57) and coded 
from 1 to 4, reflecting affordability and financial burden [55]. 
Distance to the Nearest Health Facility, measured in minutes (5-
30, 35-60, and 70-180), is coded as 1, 2, and 3, assessing how 
geographical barriers impact retention rates [53]. Perceived 
Healthcare Quality, categorized as Poor, Fair, and Good, with 
coding from 1 to 3, captures care quality perceptions that influ-
ence program continuation [48]. Service Quality, assessed as Ex-
cellent, Satisfactory, and Poor, coded from 1 to 3, offers insights 
into areas where service improvements may reduce dropout 
rates [52]. Community Satisfaction with CBHI, categorized as 
Highly Satisfied, Moderately Satisfied, and Dissatisfied, coded 
from 1 to 3, plays a significant role in member retention [54]. 
Health Conditions of the Household, categorized as Poor, Fair, 
and Good, coded as 1, 2, and 3, examine how health needs im-
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pact program retention [45]. Community Participation in CBHI, 
categorized as Active, Some, and Limited participation, linked 
to retention rates and coded as 1, 2, and 3, along with the num-
ber of Household Members, categorized into 1-3, 4-6, and 7-10 
members and coded from 1 to 3, explores the relationship be-
tween household size and CBHI program retention likelihood 
[46,49].

This study incorporates these variables to capture a compre-
hensive picture of factors affecting membership attrition, ensur-
ing relevance, reliability, and validity, aligned with the study’s 
objectives to provide actionable insights for policymakers and 
program managers [47]. Data were collected using structured 
questionnaires with demographic questions and Likert scale 
items, capturing respondents’ socioeconomic status, health 
conditions, perceptions of the CBHI program, and reasons for 
attrition or dropout, with approval from the Amhara Region 
Public Health Institutes [31,33]. Data collection was conducted 
by 54 trained enumerators through face-to-face interviews from 
January to June 2024, ensuring data reliability and validity [35].

Analytical techniques, including Kaplan-Meier Survival Esti-
mation, Cox Regression, the Weibull Accelerated Failure Time 
(AFT) Model, and the Inverse Gaussian Shared Frailty Model, 
were performed using STATA 17. The Kaplan-Meier method pro-
vided a non-parametric analysis of survival probabilities and at-
trition rates over time, highlighting critical periods of attrition. 
Cox Regression, a semi-parametric model introduced by Sir 
David Cox in 1972, explored the relationship between survival 
time and predictor variables, utilizing its ability to handle cen-
sored data, incorporate time-independent and time-dependent 
covariates, and offer insights into proportional hazards and the 
impact of specific covariates on membership dropout [17-50].

One of the critical characteristics of the Cox regression meth-
od is its ability to analyze complex survival data without requir-
ing a specific baseline hazard function, allowing for flexibility 
in examining various factors affecting survival outcomes. The 
model also efficiently handles right-censored data, shared in 
survival analysis, where subjects may not experience the event 
of interest within the study period. The proportional hazards 
assumption, a vital feature of the Cox model, implies that the 
hazard ratios for covariates remain constant over time, simplify-
ing result interpretation and enabling a straightforward analysis 
of the relative impact of covariates on the hazard rate [55].

The Weibull AFT Model incorporated covariates to under-
stand the factors influencing membership attrition. At the same 
time, the Inverse Gaussian Shared Frailty Model accounted for 
unobserved heterogeneity, capturing latent factors affecting 
survival times, ensuring more accurate estimation of observed 
covariates’ effects, and guiding targeted interventions to en-
hance program sustainability and effectiveness [17-23].

Participants and sample size determination

The study included 772 respondents (610 current and 162 
former members) purposefully selected from five administra-
tive zones, 27 woredas, and 135 kebeles. To determine the sam-
ple size based on Cochran’s formula and considering a design 
effect for stratified sampling, a detailed calculation for a total 
population of 2,880,666 with five zones and a population per 
zone of 462,889 [32].

Step 1: Calculate the initial sample size using Cochran’s 
formula for sample size determination is:

n0= Z2p(1-p), Z2 .p.(1-p)/e2 where:n0 = initial sample size, Z=Z-
value (the number of standard deviations from the mean cor-
responding to the desired confidence level, typically 1.96 for a 
95%confidence level), p=estimated proportion of the popula-
tion that has the attribute of interest(if unknown, use 0.5 for 
maximum variability), and e=desired level of precision (margin 
of error, typically 0.05 for 5% margin of error)

Using the common values: Z=1.96, p=0.5, e=0.05

0 2

(1.96)2.05-(0.5)n =
(0.05)

0
3.3.8416x0.25n =

(0.0025)

0n =384.16

So, the initial sample size (without considering the finite 
population and design effect) is approximately 384.

Step 2: Adjust for finite population 

Since the population is finite, we need to adjust the sample 
size using the finite population correction:

n =adjusted sample size, n̥ =initial sample size, N= Population 
size, Using N=2,2880,666

So, the adjusted sample size for the finite population is still 
approximately 384.

Step 3: Apply the design effect

The design effect (DEFF) accounts for the increased variance 
in stratified sampling. A typical design effect is around 1.5 to 2. 
Let us use a design effect of 2 for this example.

Adjusted = n. DEFF, adjusted = 384.11.2, adjusted = 768.22

Thus, considering a design effect of 2, the final sample size is 
approximately 768.

Step 4: Allocate the sample size to different zones

Assuming proportional allocation based on the population 
of each zone: 

Zone=              × adjusted For each zone with a population of 462,889:

nzone =  462,889/2,880,666 × 768.22, nzone = 123.48

So, the sample size for each zone is approximately 123 to 124 
respondents.

0
0

0

nn = 11+n -
N

0
384.16 384.16n = n=1 11+384.16- 1+383.16-

2,2880,666 2,2880,666
384.16 384.16n= n= n=384.11

1+0.000133 0.000133

Nzone
Ntotal

Kaplan–Meier survival analysis of CBHI membership 
attrition

The Kaplan-Meier survival function analysis provides an 
overview of the attrition rates of CBHI members over eight 
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Table 1: Kaplan–Meier survival analysis of CBHI membership Attrition.

Time (Years) At Risk Dropout (Failure) Censored Survivor Function Std. Error 95% Confidence Interval

1 772 24 87 0.9689 0.0062 0.9540-0.9791

2 661 24 49 0.9337 0.0093 0.9130-0.9497

3 588 44 101 0.8639 0.0133 0.8355-0.8877

4 443 40 89 0.7859 0.0169 0.7506-0.8168

5 314 31 81 0.7083 0.0201 0.6667-0.7457

6 202 17 49 0.6487 0.0231 0.6014-0.6918

7 136 21 70 0.5485 0.0280 0.4919-0.6015

8 45 7 38 0.4632 0.0379 0.3875-0.5354

Note: This table shows the Kaplan–Meier survival estimates for CBHI membership over eight years, indicating the number of 
members at risk, dropout events, censored events, survivor function, standard error, and 95% confidence intervals for each year.

years. The analysis begins with 772 at-risk members, with drop-
out (failure) and censored (renewal) events recorded annually.

In the first year, the survivor function is 0.9689, with a stan-
dard error of 0.0062 and a 95% confidence interval of 0.9540 
to 0.9791. This indicates that 96.89% of the members remain 
in the CBHI program after the first year, showcasing initial solid 
retention. However, as time progresses, the survival probabil-
ity declines. By the second year, the survivor function drops to 
0.9337, with a standard error of 0.0093 and a 95% confidence 
interval of 0.9130 to 0.9497.

A more pronounced decline is observed in the third year, 
where the survival probability decreases to 0.8639, with a stan-
dard error of 0.0133 and a 95% confidence interval of 0.8355 
to 0.8877. This trend continues, with the fourth and fifth years 
showing survival probabilities of 0.7859 and 0.7083, respective-
ly. The standard errors increase to 0.0169 and 0.0201, indicat-
ing growing variability in the attrition rates, and the confidence 
intervals widen accordingly.

In the later years, the probability of survival continues to 
decline. By the sixth year, the survivor function is 0.6487, with 
a standard error of 0.0231 and a 95% confidence interval of 
0.6014 to 0.6918. The seventh year shows a further drop to 
0.5485, with a standard error of 0.0280 and a confidence inter-

val of 0.4919 to 0.6015. By the eighth year, the survival prob-
ability reaches 0.4632, with a standard error of 0.0379 and a 
confidence interval of 0.3875 to 0.5354.

The Kaplan-Meier analysis indicates that the retention rates 
of CBHI members are highest during the initial years, with a sig-
nificant number of members remaining in the Program during 
the first and second years. However, retention significantly de-
clines starting from the third year, with a more pronounced drop 
observed in the subsequent years. This suggests that members 
are likely facing challenges or changes in circumstances that 
lead to dropout as time progresses. The increasing standard er-
rors and wider confidence intervals in the later years indicate 
more significant variability and uncertainty in the retention 
rates, suggesting that the factors influencing dropout become 
more pronounced or diverse over time. To improve retention 
rates, it is crucial to focus on the critical periods identified in the 
analysis, particularly between the third and fifth years. 

Kaplan-Meier survival analysis of CBHI program-specific 
factors

By employing Kaplan-Meier survival analysis, the study 
evaluates the impact of various program-specific factors on the 
time to drop out among CBHI members. Understanding these 
factors is crucial for enhancing the sustainability and effective-
ness of the CBHI program. 

Table 2: Kaplan-Meier estimates for survival time CBHI program specific factors:
(Defined event “Dropout,” Time “Total membership year”)

Variables Total N
N of Events 
(Dropout)

Censored (Renew) Mean 95% Confidence Interval Log Rank (Mantel-Cox)

N Percent Estimate Std. Error Lower Bound Upper Bound Chi-Square df Sig.

Intention to renew membership 62.796 2 0.000

yes 368 51 317 86.1% 7.158 .110 6.942 7.374

no 188 88 100 53.2% 5.499 .190 5.128 5.871

Undecided 216 69 147 68.1% 6.265 .172 5.928 6.603

Overall 368 51 317 86.1% 6.458 .090 6.281 6.634

Premium Amount 2.916 3 0.405

13-19$ 202 58 144 71.3% 6.458 .175 6.115 6.800

20-28$ 515 138 377 73.2% 6.407 .113 6.186 6.628

28-38$ 39 7 32 82.1% 7.089 .314 6.474 7.704

39-57$ 15 5 10 66.7% 5.769 .528 4.734 6.804

Overall 771 208 563 73.0% 6.454 .090 6.278 6.631

Distance to nearest health facility 4.629 2 0.049

5-30 minutes 319 86 233 73.0% 6.393 .142 6.115 6.672
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35-60 minutes 253 55 198 78.3% 6.695 .155 6.390 7.000

70-180 minutes 200 67 133 66.5% 6.291 .175 5.948 6.635

Overall 772 208 564 73.1% 6.458 .090 6.281 6.634

Perceived Healthcare Quality 57.088 2 0.000

Poor 385 55 330 85.7% 7.101 .110 6.886 7.316

Fair 176 80 96 54.5% 5.600 .196 5.216 5.984

Good 211 73 138 65.4% 6.166 .174 5.825 6.508

Overall 772 208 564 73.1% 6.458 .090 6.281 6.634

Service quality of the CBHI program 4.132 2 0.027

Excellent Quality 282 68 214 75.9% 4.652 6.586 .150 6.291

Satisfactory quality 271 89 182 67.2% 5.058 6.218 .154 5.917

Poor Quality 219 51 168 76.7% 4.647 6.634 .163 6.313

Overall 772 208 564 73.1% 4.790 6.458 .090 6.281

Community Satisfaction with the CBHI Program .562 2 0.755

Highly satisfied 297 83 214 72.1% 6.423 .149 6.131 6.714

Moderately Satisfied 258 69 189 73.3% 6.552 .148 6.261 6.842

Dissatisfied 217 56 161 74.2% 6.385 .178 6.035 6.734

Overall 772 208 564 73.1% 6.458 .090 6.281 6.634

Number Of Household Members 3.371 2 0.018

1-3 members 266 82 184 69.2% 6.261 .157 5.953 6.568

4-6 members 368 91 277 75.3% 6.489 .133 6.229 6.749

7-10 members 138 35 103 74.6% 6.719 .198 6.332 7.106

Overall 772 208 564 73.1% 6.458 .090 6.281 6.634

The health condition of the household members .481 2 0.786

poor 225 60 165 73.3% 6.505 .171 6.170 6.839

Fair 346 92 254 73.4% 6.518 .130 6.264 6.772

good 201 56 145 72.1% 6.312 .183 5.952 6.672

Overall 772 208 564 73.1% 6.458 .090 6.281 6.634

Community participation in the CBHI program 2.484 2 0.289

Active Participation 302 70 232 76.8% 6.591 .142 6.312 6.869

Some Participation 256 70 186 72.7% 6.464 .156 6.159 6.770

Limited participation 214 68 146 68.2% 6.273 .175 5.930 6.616

Overall 772 208 564 73.1% 6.458 .090 6.281 6.634

Note: The table shows the Kaplan-Meier survival estimates for various CBHI program-specific factors. 

Columns include Variables, Total N, N of Events (dropout), 
Censored (renew), Censored (%), Mean, 95% Confidence Inter-
val (Estimate, Std. Error, Lower Bound, Upper Bound), and Log 
Rank (Mantel-Cox) test results (Chi-Square et al..) are provided 
to determine the significance of differences in survival times 
across different categories.

The Kaplan-Meier estimates for survival time indicate a sig-
nificant difference in dropout rates based on the intention to 
renew membership. The log-rank test shows a chi-square value 
of 62.796 with a p-value of 0.000, indicating vital statistical sig-
nificance. Members who expressed a clear intention to renew 
("yes") had the highest survival rate, with 86.1% censored (re-
newed) and a mean survival time of 7.158 years. In contrast, 
those undecided or did not intend to renew had lower survival 
rates, with 53.2% and 68.1% renewed, respectively. The mean 
survival times for these groups were 5.499 years (no) and 6.265 
years (undecided). This suggests that a clear intention to renew 
membership significantly contributes to higher retention rates 
in the CBHI program.

The analysis of premium amounts did not show a significant 
difference in survival times, with a log-rank chi-square value of 

2.916 and a p-value of 0.405. Members paying different pre-
mium amounts had similar survival rates, with mean survival 
times ranging from 5.769 years for those paying 39-57$ Birr to 
7.089 years for those paying 28-38$ Birr. This indicates that the 
premium paid does not significantly impact the likelihood of re-
maining in the CBHI program.

The distance to the nearest health facility significantly affect-
ed dropout rates, with a log-rank chi-square value of 4.629 and 
a p-value of 0.049. Members living 35-60 minutes away from a 
health facility had the highest survival rate (78.3%) and a mean 
survival time of 6.695 years. In comparison, those living 5-30 
minutes and 70-180 minutes away had lower survival rates of 
73.0% and 66.5%, with mean survival times of 6.393 and 6.291 
years, respectively. This suggests that moderate proximity to 
healthcare services is associated with higher retention in the 
CBHI program.

Perceived healthcare quality significantly influenced dropout 
rates, as indicated by the log-rank chi-square value of 57.088 
and a p-value of 0.000. Members who rated the healthcare 
quality as poor had the highest survival rate (85.7%) and a mean 
survival time of 7.101 years. Those who perceived the health-
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care quality as fair or reasonable had lower survival rates of 
54.5% and 65.4%, with mean survival times of 5.600 and 6.166 
years, respectively. This finding suggests that members who 
perceive higher healthcare quality are more likely to remain in 
the CBHI program.

The service quality of the CBHI program also significantly im-
pacted dropout rates, with a log-rank chi-square value of 4.132 
and a p-value of 0.027. Members who rated the service quality 
as excellent had the highest survival rate (75.9%) and a mean 
survival time of 6.586 years. Those who rated the service qual-
ity as satisfactory or poor had lower survival rates of 67.2% and 
76.7%, with mean survival times of 6.218 and 6.634 years, re-
spectively. This suggests that higher perceived service quality is 
associated with increased retention in the CBHI program.

Community satisfaction with the CBHI program did not show 
a significant difference in survival times, with a log-rank chi-
square value of 0.562 and a p-value of 0.755. The survival rates 
were similar across different satisfaction levels, with delighted 
members having a survival rate of 72.1%, moderately satis-
fied members having 73.3%, and dissatisfied members having 
74.2%. The mean survival times were also similar, ranging from 
6.385 to 6.552 years. This suggests that community satisfaction 
only significantly impacts CBHI program retention.

The number of household members significantly influenced 
dropout rates, with a log-rank chi-square value of 3.371 and a p-
value of 0.018. Households with 7-10 members had the highest 
survival rate (74.6%) and a mean survival time of 6.719 years. 
Those with 1-3 members had the lowest survival rate (69.2%) 
and a mean survival time of 6.261 years. Households with 4-6 
members had a survival rate of 75.3% and a mean survival time 
of 6.489 years. This suggests that larger households are likelier 
to remain in the CBHI program.

The health condition of household members did not signifi-
cantly affect dropout rates, with a log-rank chi-square value of 
0.481 and a p-value of 0.786. The survival rates were similar 
across different health conditions, with poor health condition 

members having a survival rate of 73.3%, fair health condition 
members having 73.4% and good health condition members 
having 72.1%. The mean survival times ranged from 6.312 to 
6.518 years, indicating that the health condition of household 
members does not significantly impact CBHI program retention.

Community participation in the CBHI program did not show 
a significant difference in survival times, with a log-rank chi-
square value of 2.484 and a p-value of 0.289. Members with 
active participation had the highest survival rate (76.8%) and a 
mean survival time of 6.591 years. Those with some participa-
tion and limited participation had survival rates of 72.7% and 
68.2%, with mean survival times of 6.464 and 6.273 years, re-
spectively. This suggests that while active community participa-
tion may enhance retention, the effect is not statistically signifi-
cant.

The Kaplan-Meier survival analysis provides valuable insights 
into the factors influencing CBHI program attrition. The inten-
tion to renew membership and perceived healthcare quality 
are the most significant predictors of attrition, highlighting the 
importance of member commitment and service quality. Mod-
erate proximity to healthcare facilities also enhances retention, 
suggesting that accessibility to healthcare services is crucial. 
While premium amounts, community satisfaction, household 
size, and health conditions have varying impacts, they are less 
significant in predicting dropout rates. These findings can in-
form strategies to improve CBHI program retention, such as 
enhancing service quality, ensuring accessible healthcare, and 
fostering member commitment.

Cox regression analysis of program-specific factors 
influencing membership attrition in the CBHI program

The following section presents the findings from the Cox re-
gression analysis using the Breslow method for ties, focusing 
on program-specific factors that influence Community-Based 
Health Insurance (CBHI) membership attrition. The defined 
event is "dropout," and the time variable is "total membership 
year." 

Table 3: Analyzing program-specific factors using Cox regression with the breslow method for ties (Defined event “Drop-
out,” Time “Total membership year”)

Variable
Beta Coefficient 

(B)
S.E. z P>|z|

95.0% CI 

Upper bound Lower bound

Intention to renew membership (Ref. Yes)

No 0.935 0.242 3.870 0.000 0.461 1.409

Undecided 0.406 0.247 1.650 0.099 -0.077 0.890

Health condition of the household (Ref. fair)

poor 0.199 0.174 1.140 0.253 -0.142 0.540

good 0.159 0.175 0.910 0.363 -0.183 0.502

Perceived healthcare quality (Ref. poor)

Fair 0.559 0.240 2.330 0.020 0.089 1.029

Good 0.647 0.239 2.710 0.007 0.178 1.116

Community Participation (Ref. Active participation)

Some Participation 0.057 0.177 0.320 0.747 -0.290 0.404

Limited participation 0.270 0.175 1.540 0.124 -0.074 0.613

Service quality (Ref. Excellent Quality)

Satisfactory quality 0.279 0.166 1.690 0.092 -0.046 0.604

Poor Quality -0.033 0.189 -0.180 0.860 -0.404 0.337
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Community satisfaction (Ref. Highly satisfied)

Moderately Satisfied 0.035 0.167 0.210 0.833 -0.292 0.363

Dissatisfied 0.038 0.175 0.220 0.827 -0.304 0.380

Number of household members (Ref.4-6 members)

1-3 members 0.178 0.157 1.130 0.258 -0.130 0.486

7-10 members -0.029 0.204 -0.140 0.889 -0.429 0.371

Premium Amount (Ref.13-19$)

20-28$ -0.016 0.161 -0.100 0.920 -0.331 0.299

28-38$ Birr -0.385 0.393 -0.980 0.328 -1.154 0.385

39-57$ -0.037 0.463 -0.080 0.937 -0.944 0.871

Distance to the nearest health facility (Ref.5-30 minutes) 

35-60 minutes -0.234 0.177 -1.320 0.186 -0.581 0.113

70-180 minutes 0.015 0.169 0.090 0.931 -0.317 0.346

Note: The reference categories for each variable are indicated. The table includes Beta Coefficient (B), Standard Error (S.E.), z-values, p-values, 
and 95% Confidence Intervals (CI) for the upper and lower bounds.

The graphs illustrate survival probabilities over eight years, 
with the survival probability ranging from 0 to 1, plotted on the 
Y-axis, while the total membership time in years, ranging from 0 
to 8 years, is plotted on the X-axis.

(Figure 1) examines the 'Intention to Renew Membership,' 
comparing observed and predicted survival probabilities for 
categories such as 'Yes,' 'No,' and 'Undecided.' The survival 
probabilities are further analyzed based on the respondents' 
perceptions of healthcare quality, with categories including 
poor, fair, and reasonable. Similarly, (Figure 4) assesses 'Com-
munity Participation' with active participation, some participa-
tion, and limited participation as critical variables, while (Figure 
5) focuses on 'Service Quality,' comparing excellent, satisfac-
tory, and poor levels. Additionally, the research evaluates com-
munity satisfaction, distinguishing between highly satisfied, 
moderately satisfied, and dissatisfied members.

The analysis also includes (Figure 7), which highlights surviv-
al probabilities based on the 'Number of Household Members,' 
and (Figure 8), which examines 'Premium Amount' with various 
categories ranging from 13-19 USD to 39-57 USD. Lastly, (Fig-
ure 9) delves into the impact of 'Distance to the Nearest Health 
Facility' on survival probabilities. Each graph provides insights 
into membership retention dynamics, capturing events (drop-
outs) and censored values (renewals) to offer a comprehensive 
understanding of the factors influencing CBHI program sustain-
ability in the Amhara region.

Intention to renew membership

The analysis indicates that members who did not intend to 
renew their membership have a significantly higher likelihood 
of dropping out (B=0.935, p<0.001, 95% CI [0.461, 1.409]), with 
a hazard ratio of 2.552, compared to those who intended to re-
new. Those undecided about renewal also have a higher drop-
out risk (B=0.406, p=0.099, 95% CI [-0.077, 0.890]), though not 
statistically significant.

 
Figure 1: Cox regression and Kaplan-Meier proportional hazards 
assumption for ‘Intention to Renew Membership’ in the Amhara 
Region CBHI, 2024.

The Kaplan-Meier and Cox regression survival analysis re-
veals significant differences in retention rates based on mem-
bers' intentions to renew their CBHI membership. Members 
who intend to renew ("Yes") exhibit the highest survival prob-
ability, starting at approximately 0.95 and gradually declining to 
around 0.75 by the eighth year. Those who are undecided show 
lower survival rates, beginning at about 0.85 and dropping to 
around 0.50. Members who do not intend to renew ("No") have 
the lowest survival probability, starting at approximately 0.80 
and falling to around 0.30 by the eighth year.

The broken lines in the graph represent the predicted sur-
vival probabilities from the Cox regression model, which closely 
follow the observed survival probabilities from the Kaplan-Mei-
er analysis. The third year shows a significant drop in survival 
probability, particularly for members who do not intend to re-
new their membership, indicating a higher dropout rate during 
this period. This trend is less pronounced for those with a clear 
intention to renew, suggesting that a positive commitment to 
renew membership contributes to better retention in the CBHI 
program.
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The graph also indicates events (dropout) and censored val-
ues, providing a comprehensive overview of the attrition dy-
namics among different intention-to-renew categories. The ap-
proximate survival probabilities for each category highlight the 
impact of renewal intention on the likelihood of remaining in 
the CBHI program, with members who intend to renew showing 
better retention rates than those who are undecided or do not 
intend to renew.

Health condition of the household

The health condition of household members does not show 
a significant effect on dropout rates. Poor health (B=0.199, 
p=0.253, 95% CI [-0.142, 0.540]) and good health (B=0.159, 
p=0.363, 95% CI [-0.183, 0.502]) are not significantly different 
from fair health.

For members with poor household health conditions, the 
survival probability remains relatively high initially but decreas-
es over time. The survival rate drops to approximately 0.8 by the 
sixth year, with events (dropouts) occurring steadily through-
out the period. Censoring is observed regularly, indicating that 
members remain in the Program without dropping out.

Figure 2: Cox regression and Kaplan-Meier proportional hazards 
Assumption for ‘Health condition of the household’ in the Amhara 
Region CBHI, 2024.

For households with fair health conditions, the survival prob-
ability decreases sharply, dropping to around 0.6 by the fourth 
year. The broken line observed in the third year suggests a sig-
nificant event influencing dropout rates, with a marked decline 
in survival probability. Households with good health conditions 
show the lowest survival probability, steeply declining to be-
low 0.5 by the third year. The graph highlights the critical im-
pact of household health conditions on membership retention, 
with higher dropout rates among those with fair or reasonable 
health conditions.

Perceived healthcare quality

Perceived healthcare quality significantly influences mem-
bership retention. Members who perceive healthcare quality as 
fair (B=0.559, p=0.020, 95% CI [0.089, 1.029]) or good (B=0.647, 
p=0.007, 95% CI [0.178, 1.116]) have a higher risk of dropping 
out compared to those who perceive it as poor. This counter-
intuitive result suggests that higher expectations of healthcare 
quality may lead to higher dropout rates if those expectations 
are unmet.

Figure 3: Cox regression and Kaplan-Meier proportional hazards 
assumption for ‘Perceived healthcare quality ‘ in the Amhara 
Region CBHI, 2024.

Regarding Key Observations, the initial survival probability 
starts high at approximately 0.95 for respondents who perceive 
healthcare quality as poor. However, membership retention is 
significantly declining, particularly after the third year, with the 
survival probability dropping to around 0.6 by the eighth year. 
This indicates that many members who initially rated health-
care quality as poor have dropped out over time. The number 
of censored events also declines steadily, indicating that fewer 
members remain in the Program by the end of the observation 
period.

In contrast, respondents who perceive healthcare quality as 
fair start with a slightly lower initial survival probability of about 
0.93. The decline in retention is more gradual but still signifi-
cant, with the survival probability decreasing to around 0.5 by 
the eighth year. This trend shows that even members with a fair 
perception of healthcare quality experience a notable dropout 
rate, particularly after the third year.

Members who perceive healthcare quality as good begin 
with the highest initial survival probability of approximately 
0.97. This group experiences the least initial dropouts and 
maintains a higher survival probability over time. However, a 
noticeable decline starts after the third year, with the survival 
probability decreasing to around 0.7 by the eighth year. Despite 
this decline, the retention rate remains higher than the other 
two groups, indicating that good perceived healthcare quality is 
associated with better retention.

The event (dropout) and censored values provide further in-
sights into membership attrition patterns. For those perceiving 
poor healthcare quality, the dropout rate is approximately 35% 
by the third year, increasing to 40% by the eighth year. The cor-
responding censored events indicate that around 65% of mem-
bers remain in the Program by the third year, decreasing to 60% 
by the eighth year.

For respondents perceiving fair healthcare quality, dropout 
events are around 50% by the third year, increasing to 60% by 
the eighth year. Censored events for this group are about 50% 
by the third year, decreasing to 40% by the eighth year, high-
lighting a significant attrition rate over time. Members perceiv-
ing good healthcare quality show the best retention, with drop-
out events at approximately 20% by the third year, increasing to 
30% by the eighth year. The censored events are about 80% by 
the third year, decreasing to 70% by the eighth year, indicating 
a relatively stable membership.
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The trends clearly show that perceptions of healthcare quali-
ty strongly influence membership attrition in the CBHI program. 
Members with better-perceived healthcare quality have higher 
survival probabilities and lower dropout rates, indicating better 
retention. The critical period for all groups is around the third 
year, when survival probabilities decline more steeply. This sug-
gests that interventions to improve perceived healthcare quality 
should be prioritized around this period to enhance retention.

Community participation

Community participation shows no significant effect on 
dropout rates. Some participation (B=0.057, p=0.747, 95% CI 
[-0.290, 0.404]) and limited participation (B=0.270, p=0.124, 
95% CI [-0.074, 0.613]) are not significantly different from ac-
tive participation.

Figure 4: Cox Regression and Kaplan-Meier proportional hazards 
assumption for ‘Community participation’ in the Amhara Region 
CBHI, 2024.

The observed lines (Kaplan-Meier estimates) and predicted 
lines (Cox regression) for each community participation catego-
ry show the trend of membership attrition over eight years. The 
initial survival probability starts high at approximately 0.97 for 
respondents who perceive community participation as active. 
However, there is a decline in membership retention, particular-
ly after the third year, with the survival probability dropping to 
around 0.68 by the eighth year. This indicates that many mem-
bers who initially rated community participation as active have 
dropped out over time. The number of censored events also 
declines steadily, indicating that fewer members remain in the 
Program by the end of the observation period.

In contrast, respondents who perceive community participa-
tion as moderate start with a slightly lower initial survival prob-
ability of about 0.95. The decline in retention is more gradual 
but still significant, with the survival probability decreasing to 
around 0.55 by the eighth year. This trend shows that even 
members with a moderate perception of community participa-
tion experience a notable dropout rate, particularly after the 
third year.

Members who perceive community participation as limited 
begin with the lowest initial survival probability of approximate-
ly 0.92. This group experiences the highest initial dropouts and 
relatively lower survival probability. A noticeable decline starts 
after the third year, with the survival probability decreasing to 
around 0.50 by the eighth year. This indicates that limited per-
ceived community participation is associated with higher attri-
tion rates.

The event (dropout) and censored values provide further in-
sights into membership attrition patterns. For those perceiving 
community participation as active, the dropout rate is approxi-
mately 30% by the third year, increasing to 32% by the eighth 
year. The corresponding censored events indicate that around 
70% of members remain in the Program by the third year, de-
creasing to 68% by the eighth year.

For respondents perceiving moderate community participa-
tion, dropout events are around 45% by the third year, increas-
ing to 50% by the eighth year. Censored events for this group 
are about 55% by the third year, decreasing to 50% by the 
eighth year, highlighting a significant attrition rate over time.

Members perceiving limited community participation show 
the highest attrition, with dropout events at approximately 50% 
by the third year, increasing to 50% by the eighth year. The cen-
sored events are about 50% by the third year, decreasing to 50% 
by the eighth year, indicating a relatively lower membership re-
tention over the years.

The trends clearly show that perceptions of community par-
ticipation strongly influence membership attrition in the CBHI 
program. Members with better-perceived community participa-
tion have higher survival probabilities and lower dropout rates, 
indicating better retention. The critical period for all groups is 
around the third year, when survival probabilities decline more 
steeply. This suggests that interventions to improve perceived 
community participation should be prioritized around this pe-
riod to enhance retention.

Service quality

Service quality has a marginally significant effect on dropout 
rates. Members who perceive the quality of services as satisfac-
tory (B=0.279, p=0.092, 95% CI [-0.046, 0.604]) are more likely 
to drop out than those who perceive it as excellent. Poor service 
quality (B=-0.033, p=0.860, 95% CI [-0.404, 0.337]) is not signifi-
cantly different from excellent service quality.

Figure 5: Cox regression and Kaplan-Meier proportional hazards 
Assumption for ‘Service quality’ in the Amhara Region CBHI, 2024.

The survival probabilities decrease over time, with notable 
differences based on service quality perceptions—members 
perceiving service quality as excellent exhibit higher survival 
probabilities throughout the membership period. For example, 
around the third year, the survival probability for those perceiv-
ing service quality as excellent is approximately 80%, compared 
to 70% for satisfactory and 60% for poor service quality. This 
indicates that the perceived quality of service has a significant 
impact on membership retention.
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Members who perceive the service quality as excellent show 
a survival probability of around 80% by the third year. This 
group experiences fewer dropouts, indicating higher retention 
rates. The number of dropouts is significantly lower compared 
to other groups. Additionally, a higher number of renewals are 
observed in this group, reflecting better membership retention. 
Maintaining excellent service quality can significantly reduce 
membership attrition. Members who are satisfied with the 
quality of service are more likely to remain in the Program.

In contrast, the survival probability for members who per-
ceive the service quality as satisfactory is approximately 70% 
in the third year. This group shows a moderate number of 
dropouts, indicating average retention rates. The number of re-
newals is moderate, reflecting average membership retention. 
While satisfactory service quality contributes to reasonable re-
tention rates, it still indicates room for improvement. Enhanc-
ing service quality from satisfactory to excellent could increase 
member satisfaction and retention.

Members who perceive the service quality as poor have a 
survival probability of around 60% by the third year. This group 
has a higher number of dropouts, indicating lower retention 
rates. The number of dropouts is significantly higher compared 
to those perceiving service quality as excellent or satisfactory. 
Additionally, this group has fewer renewals, reflecting poorer 
membership retention. This highlights the need for significant 
improvements in service quality. Improving service quality can 
help retain members and reduce attrition.

Community satisfaction

Community satisfaction does not significantly affect dropout 
rates. Moderately satisfied (B=0.035, p=0.833, 95% CI [-0.292, 
0.363]) and dissatisfied (B=0.038, p=0.827, 95% CI [-0.304, 
0.380]) members are not significantly different from delighted 
members.

Figure 6: Cox regression and Kaplan-Meier proportional hazards 
assumption for ‘Community satisfaction’ in the Amhara Region 
CBHI, 2024.

contributes to longer membership retention. The approximate 
number of events (dropouts) in this category is around 30 by 
the eighth year, with the rest being censored values.

Members who are moderately satisfied with the community 
start with a slightly lower survival probability of around 85% in 
the first year. Their survival probability decreases steeply, reach-
ing about 50% by the eighth year. This group experiences higher 
attrition rates than delighted ones, suggesting that more than 
moderate satisfaction might be required to retain members in 
the long term. The approximate number of events (dropouts) in 
this category is around 60 by the eighth year, with the rest being 
censored values.

Those dissatisfied with the community have the lowest sur-
vival probabilities throughout the observed period. Starting 
with approximately 80% in the first year, their survival prob-
ability drops significantly, falling below 40% by the eighth year. 
This group exhibits the highest attrition rates, highlighting that 
dissatisfaction with the community leads to early and increased 
dropout rates. The approximate number of events (dropouts) in 
this category is around 80 by the eighth year, with the rest being 
censored values.

Number of household members

The number of household members only significantly af-
fects dropout rates. Households with 1-3 members (B=0.178, 
p=0.258, 95% CI [-0.130, 0.486]) and 7-10 members (B=-0.029, 
p=0.889, 95% CI [-0.429, 0.371]) are not significantly different 
from households with 4-6 members.

The graph demonstrates the survival probabilities of CBHI 
members based on their perception of community satisfaction, 
tracked over eight years. The survival probability decreases over 
time across all categories, but the groups have notable differ-
ences.

For delighted community members, the survival probability 
remains relatively high in the initial years, with approximately 
90% surviving the first year. The survival rate gradually declines 
to around 70% by the eighth year. This group shows the high-
est retention rates, indicating that high community satisfaction 

Figure 7: Cox Regression and Kaplan-Meier proportional hazards 
assumption for ‘’Number of household members’ in the Amhara 
Region CBHI, 2024.

The survival probability is highest among households with 
7-10 members, starting at approximately 0.90 in the first year 
and gradually decreasing to about 0.50 by the eighth year. 
Households with 4-6 members have a slightly lower initial sur-
vival probability of around 0.85, which drops to approximately 
0.40 by the eighth year. The survival probability for households 
with 1-3 members is initially around 0.80 and declines sharply 
to about 0.35 by the eighth year.

The graph indicates significant dropouts (events) and cen-
sored (renewed) members over the years. In the first year, 
the survival probability is high across all household sizes but 
declines sharply after the second year. By the fourth year, the 
survival probability for households with 7-10 members remains 
higher than those with 4-6 and 1-3 members. The censored val-
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ues indicate that many members who renew their membership 
come from larger households.

Critical findings suggest that the number of household mem-
bers plays a crucial role in retaining CBHI members. Larger 
households (7-10 members) have a higher survival probability, 
indicating they tend to remain enrolled longer. This highlights 
the importance of considering household size in the sustain-
ability of CBHI programs. Policy interventions should focus on 
addressing the needs of smaller households to enhance mem-
bership retention and ensure the Program's long-term success.

Premium amount

The premium amount does not significantly influence drop-
out rates. Members paying 700-1000 Birr (B=-0.016, p=0.920, 
95% CI [-0.331, 0.299]), 28-38$ (B=-0.385, p=0.328, 95% CI 
[-1.154, 0.385]), and 39-57$ (B=-0.037, p=0.937, 95% CI [-0.944, 
0.871]) are not significantly different from those paying 1050-
1500 Birr.

Figure 8: Cox regression and Kaplan-Meier proportional hazards 
assumption for ‘Premium amount’ in the Amhara Region CBHI, 
2024.

Figure 9: Cox regression and Kaplan-Meier proportional hazards 
Assumption for ‘Distance to the nearest health facility’ in the 
Amhara Region CBHI, 2024.

The graph compares the survival probabilities for respon-
dents who live at varying distances from the nearest health 
facility, using both observed data and predicted models. The 
distance categories include 5-30 minutes, 35-60 minutes, and 
70-180 minutes. The observed survival probabilities for mem-
bers living 5-30 minutes away show a steady decline over the 
years, with a noticeable drop after the third year. By the eighth 
year, the survival probability is approximately 0.5, indicating 
that about 50% of the members in this category have dropped 
out. Similarly, the survival probability decreases gradually for 
the 35-60 minutes category, maintaining higher retention rates 
throughout the years, with a survival probability close to 0.6 
by the eighth year. The 70-180 minutes category shows lower 
retention rates, with a survival probability of around 0.4 by the 
eighth year.

The analysis reveals closer proximity to health facilities is 
associated with better retention rates. Members living closer 
to health facilities (5-30 minutes) exhibit higher survival prob-
abilities, indicating lower dropout rates than those living farther 
away (70-180 minutes). The Cox regression and Kaplan-Meier 
survival analysis consistently show this trend, highlighting the 
importance of accessibility to healthcare services in influencing 
membership retention.

In terms of events (dropouts) and censored values (renew-
als), the graph shows that the number of events increases over 
time, particularly for the farther distance categories. For in-
stance, by the fourth year, many members living 70-180 minutes 
away have dropped out, while fewer dropouts are observed in 
the closer distance categories. The censored values, represent-
ed by the upper curves, indicate that members living closer to 
health facilities are more likely to renew their membership and 
remain in the Program.

Overall model fit information and model parameters

The overall model fit statistics indicate that the model is 
statistically significant. The log-likelihood value is -1196.9517, 
suggesting the model fits the data well. The likelihood ratio chi-

The Kaplan-Meier survival curves indicate higher initial sur-
vival probabilities for members paying lower premiums. For 
those paying 13-19 USD, the survival probability starts at ap-
proximately 90% after one year and declines steadily to around 
40% by the eighth year. The events (dropouts) and censored val-
ues reflect the attrition and retention dynamics, respectively. 
Members in this category experience fewer dropouts initially 
but see an increase over time.

Members paying 20-28 USD show a similar trend with an 
initial survival probability of around 85%, which decreases to 
approximately 35% by the eighth year. This suggests moderate 
premium amounts are associated with higher attrition rates 
than the lowest premium category.

For the premium category of 28-38 USD, the initial survival 
probability is slightly lower, starting at about 80% and decreas-
ing to around 30% by the eighth year. This indicates that higher 
premiums may increase the likelihood of dropout over time. 
The highest premium category (39-57 USD) shows the lowest 
initial survival probability of around 75%, which drops more 
rapidly than the other groups, reaching about 25% by the eighth 
year. This suggests that the highest premium amounts are as-
sociated with the highest attrition rates, likely due to financial 
strain on members. The Cox regression analysis complements 
these findings by predicting survival probabilities for each pre-
mium category. The predicted lines align closely with the ob-
served data, reinforcing the model's accuracy. Lower premium 

amounts consistently show better retention rates, while higher 
premiums are associated with higher attrition risks.

Distance to nearest health facility

The distance to the nearest health facility only significantly 
affects dropout rates. Members living 35-60 minutes away (B=-
0.234, p=0.186, 95% CI [-0.581, 0.113]) and 70-180 minutes 
away (B=0.015, p=0.931, 95% CI [-0.317, 0.346]) are not signifi-
cantly different from those living 5-30 minutes away.
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square (L.R. chi2(19)) value of 81.01 with a p-value<0.0001 in-
dicates that the model significantly improves the fit compared 
to a null model.

Table 4: Overall model fit.

Model Value

Log-likelihood -1196.9517

LR chi2(19) 81.01

Prob > chi2 0.0000

Conclusion: The overall model fit statistics indicate that the 
model is appropriate and explains the data well. These findings 
can inform strategies to improve CBHI program retention and 
sustainability by focusing on critical areas influencing member 
satisfaction and retention.

Summary

The analysis of the Community-Based Health Insurance 
(CBHI) program in the Amhara region for 2024 employs Cox 
regression and Kaplan-Meier survival analyses to investigate 
factors affecting membership retention and dropout rates. The 
intention to renew vigorously predicts membership retention. 
Members who do not intend to renew their membership have 
a significantly higher likelihood of dropping out (hazard ratio of 
2.552, B=0.935, p<0.001) than those intending to renew. Un-
decided members also face increased dropout risk (B=0.406, 
p=0.099), although this is not statistically significant. The Ka-
plan-Meier analysis shows that those intending to renew start 
with a survival probability of about 0.95, declining to 0.75 by 
the eighth year. In contrast, those undecided begin at 0.85, 
dropping to 0.50, while those not intending to renew start at 
0.80 and fall to 0.30.

Household health conditions do not significantly affect drop-
out rates. Members from households with poor health condi-
tions exhibit a slightly higher initial survival probability, main-
taining approximately 0.8 by the sixth year. Fair and reasonable 
health conditions display similar retention patterns, indicating 
that health status alone does not drive membership decisions.

Perceived healthcare quality significantly influences mem-
bership retention. Members who perceive healthcare quality as 
fair (B=0.559, p=0.020) or good (B=0.647, p=0.007) have higher 
dropout rates than those perceiving it as poor. This suggests 
that unmet expectations contribute to attrition, as members 
with higher expectations of healthcare quality are more likely 
to be dissatisfied and leave the Program.

The level of community participation only significantly af-
fects dropout rates. While active participation is associated with 
slightly higher retention, the differences across active, moder-
ate, and limited participation categories are not statistically 

significant. Members who perceive community participation 
as active show a survival probability of 0.97 initially, decreasing 
to 0.68 by the eighth year, while those perceiving limited par-
ticipation fall to 0.50. Service quality has a marginal impact on 
retention. Members perceiving service quality as satisfactory 
are likelier to drop out (B=0.279, p=0.092) than those perceiv-
ing it as excellent. Poor service quality is similar to exceptional 
service quality. The survival probability for those perceiving ex-
cellent service quality is about 0.80 by the third year, indicating 
better retention.

 Community satisfaction does not significantly affect reten-
tion rates. Members categorized as highly satisfied maintain 
higher survival probabilities, but the differences between high-
ly satisfied, moderately satisfied, and dissatisfied members are 
not statistically significant. Household size plays a critical role 
in retention, with larger households (7-10 members) show-
ing higher survival probabilities. These households start with 
a survival probability of 0.90, decreasing to 0.50 by the eighth 
year, compared to smaller families, which decline more sharply. 
Premium amounts do not significantly influence dropout rates. 
However, members paying lower premiums (13-19 USD) tend 
to have higher initial survival probabilities (90% in the first 
year) than those paying higher premiums (39-57 USD), whose 
survival probability starts at 75% and decreases more rapidly. 
Proximity to health facilities is a significant factor in retention. 
Members living closer (5-30 minutes) exhibit higher survival 
probabilities, with a retention rate of about 0.50 by the eighth 
year, compared to those living further away (70-180 minutes), 
who experience lower retention rates (0.40 by the eighth year).

Conclusion

The Cox regression analysis reveals that the intention to 
renew membership, perceived healthcare quality, and service 
quality are pivotal in determining CBHI membership dropout 
rates. Other factors, such as household health conditions, com-
munity participation, number of household members, premium 
amount, and distance to the nearest health facility, show vary-
ing degrees of influence but are not statistically significant. The 
overall model fit statistics confirm the model's robustness and 
appropriateness in explaining membership dynamics. 

Weibull AFT inverse-gaussian shared frailty model analysis 
of program-specific determinants of CBHI membership 
attrition

This analysis examines the program-specific determinants of 
Community-Based Health Insurance (CBHI) membership attri-
tion using the Weibull Accelerated Failure Time (AFT) Inverse-
Gaussian Shared Frailty Model. The primary objective is to un-
derstand the time to attrition and identify significant predictors 
of membership attrition in the CBHI program.

Table 5: Weibull AFT inverse-gaussian shared frailty model analysis of program-specific determinants influencing CBHI membership 
attrition (Time to Attrition).

Variable/
Category

Haz. 
ratio. S.E. z P>|z

95% CI Parameters 

Con-
stant AIC BICLower 

Bound
Upper 
Bound

Shape 
Parameter 

(ln(ρ)):

Shape 
Param-
eter (p)

Inverse 
Shape Pa-

rameter (1/p)

Intention to renew membership (Ref. Yes) 0.730 2.074 0.482 0.042 1355.033 1373.629

no 2.552 0.615 3.890 0.000 1.592 4.092

Undecided 1.512 0.375 1.670 0.095 0.931 2.457
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Premium Amount (Ref.13-19$) 0.729 2.074 0.482 0.039 1352.683 1375.915

20-28$ 0.950 0.153 -0.320 0.752 0.693 1.303

28-38$ Birr 0.655 0.255 -1.080 0.027 0.305 1.406

39-57$ 0.927 0.430 -0.160 0.871 0.374 2.300

Distance to the nearest health facility (Ref.5-30 Minutes) 0.730 2.075 0.482 0.044 1354.625 1373.221

35-60 minutes 0.783 0.139 -1.380 0.168 0.553 1.109

70-180minutes 1.012 0.173 0.070 0.942 0.725 1.414

Perceived healthcare quality (Ref. Poor) 0.729 2.074 0.482 0.042 1355.329 1373.925

Fair 1.818 0.435 2.500 0.013 1.137 2.906

Good 1.887 0.452 2.650 0.008 1.180 3.018

Service quality (Ref. Excellent) 0.730 2.075 0.482 0.043 1355.523 1374.119

Satisfactory 1.264 0.208 1.420 0.044 0.916 1.745

Poor 0.955 0.180 -0.250 0.805 0.660 1.381

Community Participation (Ref. Active) 0.729 2.073 0.482 0.043 1355.927 1374.523

Some 1.054 0.187 0.300 0.768 0.744 1.491

Limited 1.298 0.227 1.490 0.037 0.920 1.830

Community satisfaction(Ref. Highly satisfied) 0.730 2.076 0.482 0.041 1353.147 1371.743

Moderately Satisfied 1.027 0.171 0.160 0.874 0.741 1.423

Dissatisfied 1.081 0.189 0.450 0.654 0.768 1.522

The health condition of the household members (Ref. Fair) 0.729 2.072 0.483 0.043 1355.837 1374.433

poor 1.195 0.207 1.030 0.304 0.851 1.678

good 1.176 0.206 0.930 0.353 0.835 1.657

Number of household members (Ref.1-3) 0.731 2.077 0.482 0.042 1351.564 1370.160

4-6 Household members 1.050 0.087 0.590 0.556 0.893 1.236

7-10 Household members 0.864 0.093 -1.360 0.017 0.700 1.066

Constant (_cons) 0.004 0.001 -16.510 0.000 0.002 0.008

Shape Parameter (ln(ρ)): 0.729 0.056 12.910 0.000 0.618 0.840

Location Parameter ln(θ)) -14.228 579.483 -0.020 0.980 -1149.995 1121.538

Shape Parameter (p) 2.073 0.117 1.856 2.316

Inverse Shape Parameter 
(1/p) 0.482 0.027 0.432 0.539

Theta 0.000 0.000 0.000 .

γ (Scale Parameter) 4.624

Note: The table shows the Weibull AFT Inverse-Gaussian Shared Frailty Model analysis results for CBHI membership attrition. It includes hazard 
ratios, standard errors, z-values, p-values, and 95% confidence intervals for each variable. The model fit is indicated by the shape parameter 
(ln(ρ)), scale parameter (γ), location parameter (ln(θ)), AIC, and BIC values. Lower AIC and BIC values indicate a better model fit.

The Weibull regression analysis for the CBHI program pro-
vides a detailed exploration of the factors affecting member-
ship attrition. The survival curves illustrate the impact of vari-
ous dimensions independent variable, and the X-axis represents 
the total membership time in years, while the Y-axis shows the 
survival probabilities.

The intention to renew stands out as a pivotal predictor of 
membership attrition. Members who do not intend to renew 
have a hazard ratio of 2.552 (95% CI: 1.592-4.092), a (Figure) 
that underlines the significant likelihood of their dropout com-
pared to those with renewal intentions. Similarly, undecided 
members exhibit a hazard ratio of 1.512 (95% CI: 0.931-2.457), 
indicating a higher risk of attrition. While the effect is not as 
pronounced as those who do not intend to renew, it is still a 
cause for concern.

The parameter estimate for the intention to renew is 0.730, 
with a shape parameter (ln(ρ)) of 0.730, indicating a substantial 
impact on retention. This factor, with a shape parameter (p) of 
2.074, suggests that the hazard function increases over time, 
meaning the risk of dropping out rises. The inverse shape pa-
rameter (1/p) of 0.482 supports this interpretation. The model's 
constant is 0.042, representing the baseline log scale for sur-
vival time.

The Akaike Information Criterion (AIC) and Bayesian Infor-
mation Criterion (BIC) values, at 1355.033 and 1373.629, re-
spectively, indicate a reasonable model fit. The results demon-
strate that members with no intention to renew (OR=2.74, 95% 
CI: 1.59-4.09) or who are undecided (OR=1.55, 95% CI: 0.93-
2.46) are less likely to stay in the program compared to those 
intending to renew. These findings underscore the importance 
of fostering a positive intention to renew among members to 
enhance retention rates.
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Figure 10: Weibull regression for “Intention to renew membership” 
in Amhara Region CBHI, 2024.

(Figure 10) illustrates the intention to renew membership. It 
compares survival probabilities among three groups of respon-
dents: those who intend to renew ("Yes"), those who do not 
("No"), and those who are undecided. Respondents intending to 
renew exhibit the highest survival probabilities throughout the 
observed period, starting at nearly 1.0 (100%) in the initial years 
and gradually decreasing to about 0.8 (80%) by the eighth year. 
Conversely, respondents who do not intend to renew show the 
lowest survival probabilities, with a sharp decline from around 
0.7 (70%) in the first year to below 0.2 (20%) by the eighth year. 
The undecided group falls between the "Yes" and "No" cate-
gories, with survival probabilities beginning around 0.9 (90%) 
and decreasing to approximately 0.5 (50%) by the eighth year. 
The graph indicates that dropouts are highest among those not 
intending to renew, followed by the undecided members, and 
lowest among those intending to renew. Additionally, there 
were more renewals (censored values) among those intending 
to renew and those undecided compared to the non-renewers.

The premium amount paid by members significantly influ-
ences CBHI membership retention. Compared to the reference 
category of $20-28, members paying $13-19 do not exhibit a 
significant difference in attrition risk (H.R.=0.950, 95% CI: 0.693-
1.303). However, members paying $28-38 have a notably lower 
hazard ratio (H.R.=0.655, 95% CI: 0.305-1.406), indicating better 
retention. Members paying $39-57 show no substantial impact 
on attrition (H.R.=0.927, 95% CI: 0.374-2.300). 

The parameter estimate for the premium amount is 0.729, 
with a shape parameter (ln(ρ)) of 0.729, indicating a significant 
impact on membership retention. The shape parameter (p) 
of 2.074 suggests an increasing hazard function, meaning the 
risk of attrition rises over time. The inverse shape parameter 
(1/p) is 0.482, and the model's constant is 0.039. The Akaike 
Information Criterion (AIC) and Bayesian Information Criterion 
(BIC) values are 1352.683 and 1375.915, respectively, indicating 
a reasonable fit for the model. Members paying lower premi-
ums ($13-19) have a slightly lower likelihood of dropping out 
(OR=1.00, 95% CI: 0.69-1.30), while those paying higher premi-
ums ($28-38 and $39-57) show varied retention probabilities. 

Figure 11: Weibull regression for “Premium amount” in Amhara 
Region CBHI, 2024. 

(Figure 11) explores the impact of premium amounts on 
membership sustainability, showing survival probabilities across 
different payment levels ($13-19, $20-28, $28-38, and $39-57). 
The graph reveals that respondents paying the lowest premium 
($13-19) maintain relatively high survival probabilities over the 
years, indicating better retention rates. In contrast, those paying 
premiums between $20-28 and $28-38 experience a moderate 
decline in survival probabilities, suggesting a gradual increase 
in attrition over time. Respondents paying the highest premium 
($39-57) have the lowest survival probabilities, reflecting the 
highest attrition rates during the membership period.

This trend suggests that higher premiums financially bur-
den members, leading to increased dropout rates. The survival 
probability declines steeply for higher premium categories, 
significantly beyond the third year, indicating a critical period 
when financial constraints may cause members to discontinue 
their membership. 

Proximity to health facilities also affects membership reten-
tion, using 5-30 minutes as the reference category. Members liv-
ing 35-60 minutes away have a lower hazard ratio (H.R.=0.783, 
95% CI: 0.553-1.109), though this is not statistically significant. 
Members living 70-180 minutes away show no significant effect 
on attrition (H.R.=1.012, 95% CI: 0.725-1.414). These findings 
suggest that while the distance to health facilities might influ-
ence attrition, it is not a strong predictor within this study.

Accessibility to healthcare facilities remains a crucial factor 
affecting CBHI program retention. The parameter estimate for 
the distance to the nearest health facility is 0.730, with a shape 
parameter (ln(ρ)) of 0.730 and a shape parameter (p) of 2.075, 
indicating an increasing hazard function over time. The inverse 
shape parameter (1/p) is 0.482, and the constant is 0.044. The 
AIC and BIC values are 1354.625 and 1373.221, respectively. 
Members living 35-60 minutes away from a health facility have 
a lower likelihood of dropping out (OR=0.83, 95% CI: 0.55-1.11), 
while those living 70-180 minutes away are more likely to drop 
out (OR=1.02, 95% CI: 0.73-1.41). These findings highlight the 
importance of ensuring easy access to healthcare services to 
reduce dropout rates.
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Figure 12: Weibull Regression for “Distance to the nearest health 
Facility” in Amhara Region CBHI, 2024. 

(Figure 12) examines the effect of distance to the nearest 
health facility on membership retention, categorized into three 
groups: 5-30 minutes, 35-60 minutes, and 70-180 minutes. 
Members living 5-30 minutes away from a health facility (curve 
1) exhibit the highest survival probabilities throughout the ob-
served period, maintaining a survival probability above 0.7 until 
the 7th year. This suggests that proximity to healthcare services 
significantly contributes to higher retention rates, as members 
can access healthcare more easily and frequently.

Members in the 35-60 minutes category (curve 2) show 
slightly lower survival probabilities than those living 5-30 min-
utes away. However, they maintain a survival probability above 
0.6 until the 6th year. The retention rate for this group declines 
more sharply after the 6th year, indicating that while a moder-
ate distance is manageable, it still negatively impacts retention 
compared to those living closer to healthcare facilities.

For those living 70-180 minutes away (curve 3), survival prob-
abilities are the lowest, dropping below 0.6 by the 4th year and 
continuing to decline steadily. This group experiences a signifi-
cant decrease in survival probability over time, indicating higher 
attrition rates for members living further from health facilities. 

The Weibull regression curve analysis highlights that proxim-
ity to health facilities significantly impacts CBHI program mem-
bership retention rates. Members living closer (5-30 minutes) 
to health facilities have higher survival probabilities, indicat-
ing better retention over the years, with survival probabilities 
remaining above 0.7 until the 7th year. This underscores the 
importance of accessibility to healthcare services in retaining 
members. Members living 35-60 minutes away experience a 
moderate decline in survival probability, maintaining above 0.6 
until the 6th year. Those living 70-180 minutes away have the 
lowest retention rates, with survival probabilities dropping be-
low 0.6 by the 4th year. This significant drop indicates that the 
further the distance, the higher the attrition rate.

Perceived healthcare quality significantly affects member-
ship attrition within the CBHI program. Members who per-
ceive healthcare quality as fair have a hazard ratio of 1.818 
(95% CI: 1.137-2.906), indicating they are likelier to drop out 
than those with poor perceived quality. Similarly, members 
who perceive healthcare quality as good have a higher hazard 
ratio (H.R.=1.887, 95% CI: 1.180-3.018), suggesting that higher 
perceived quality may raise expectations, leading to dropout if 
those expectations are unmet.

The parameter estimate for perceived healthcare quality is 
0.729, with a shape parameter (ln(ρ)) of 0.729, indicating an in-
creasing hazard function. The shape parameter (p) of 2.074 sug-
gests that the risk of attrition increases over time. The inverse 
shape parameter (1/p) is 0.482, and the constant is 0.042. The 
Akaike Information Criterion (AIC) and Bayesian Information 
Criterion (BIC) values are 1355.329 and 1373.925, respectively. 
Members who perceive healthcare quality as fair (OR=1.82, 
95% CI: 1.13-2.91) or good (OR=1.89, 95% CI: 1.18-3.02) are 
likelier to remain in the program. This underscores the need for 
continuous improvements in healthcare service quality to en-
hance member satisfaction and retention.

Figure 13: Weibull regression for “Perceived healthcare quality” in 
Amhara Region CBHI, 2024. 

(Figure 13) explores the impact of perceived healthcare 
quality on membership retention by comparing survival prob-
abilities among members with perceptions of poor, fair, and 
reasonable healthcare quality. 

For respondents who perceive healthcare quality as poor 
(indicated by line 1), the survival probability starts at 1.0 and 
decreases gradually to about 0.8 by the eighth year. This group 
shows the highest survival probability throughout the mem-
bership period. Respondents who perceive healthcare quality 
as fair (indicated by line 2) begin with a slightly lower survival 
probability, around 0.9, which declines more sharply, reaching 
about 0.5 by the eighth year. Respondents who perceive good 
healthcare quality (indicated by line 3) have the lowest initial 
survival probability, starting at about 0.85 and declining steeply 
to approximately 0.3 by the eighth year.

Members who perceive healthcare quality as poor tend to 
stay longer, as higher survival probabilities indicate. This coun-
terintuitive result may suggest that those with lower expecta-
tions are more tolerant of the program's shortcomings, leading 
to higher retention rates. Conversely, members perceiving fair 
or reasonable healthcare quality show lower survival probabili-
ties and higher dropout rates, suggesting that unmet expecta-
tions can lead to dissatisfaction and early departure from the 
program. The steepest decline is observed among those who 
perceive good healthcare quality, indicating that unmet high 
expectations could drive membership attrition.

Service quality is another crucial factor affecting retention. 
Members who perceive service quality as satisfactory have 
a higher hazard ratio than those who perceive it as excellent 
(H.R.=1.264, 95% CI: 0.916-1.745). Poor service quality does 
not significantly affect attrition (H.R.=0.955, 95% CI: 0.660 - 
1.381). Improving perceptions of service quality could reduce 
dropout rates.
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The parameter estimate for service quality is 0.730, with a 
shape parameter (ln(ρ)) of 0.730 and a shape parameter (p) 
of 2.075, indicating an increasing hazard function. The inverse 
shape parameter (1/p) is 0.482, and the constant is 0.043. The 
AIC and BIC values are 1355.523 and 1374.119, respectively. 
Members who rate service quality as satisfactory (OR=1.27, 
95% CI: 0.92-1.75) or poor (OR=0.96, 95% CI: 0.66-1.38) have 
varied retention likelihoods. These findings underscore the im-
portance of maintaining high service quality standards to en-
sure member retention. 

Figure 14: Weibull regression for “Service quality” in Amhara 
Region CBHI, 2024. 

The analysis in (Figure 14) evaluates how perceived service 
quality-categorized as excellent, satisfactory, and poor-impacts 
survival probabilities in the CBHI program. Members who per-
ceive service quality as excellent show the highest survival 
probabilities, with gradual declines over time, indicating strong 
retention rates. Specifically, these members have survival prob-
abilities of approximately 0.95 after two years, 0.85 after four 
years, 0.75 after six years, and 0.65 after eight years.

Members perceiving satisfactory service quality have mod-
erate survival probabilities, with a curve between excellent and 
poor service quality. Their probabilities are around 0.90 after 
two years, 0.75 after four years, 0.60 after six years, and 0.50 
after eight years.

In contrast, members perceiving poor service quality have 
the lowest survival probabilities, showing a steeper decline and 
higher dropout rates. Their probabilities are about 0.80 after 
two years, 0.60 after four years, 0.40 after six years, and 0.30 
after eight years.

While survival probabilities decrease for all categories, the 
decline rate varies significantly. Approximately 30% of members 
with poor service quality perceptions dropped out within four 
years, compared to 15% with excellent perceptions. This high-
lights the crucial role of perceived service quality in influencing 
retention. The analysis underscores the need to maintain high 
service quality standards to enhance member satisfaction and 
retention.

The analysis examined the levels of community partici-
pation in the CBHI program, using active participation as the 
reference category. Members with some participation did not 
show a significant difference in attrition risk (H.R.=1.054, 95% 
CI: 0.744-1.491). However, members with limited involvement 
had a higher hazard ratio, indicating an increased likelihood of 
dropping out (H.R.=1.298, 95% CI: 0.920-1.830). The parameter 
estimate for community participation is 0.729, with a shape pa-

rameter (ln(ρ)) of 0.729, indicating an increasing hazard func-
tion. The shape parameter (p) is 2.073, with an inverse shape 
parameter (1/p) of 0.482 and a constant of 0.043. The Akaike 
Information Criterion (AIC) and Bayesian Information Criterion 
(BIC) values are 1355.927 and 1374.523, respectively.

Members with some (OR=1.05, 95% CI: 0.74-1.49) or limited 
(OR=1.30, 95% CI: 0.92-1.83) community participation have 
varying retention probabilities. These findings emphasize the 
importance of active community participation in enhancing 
program sustainability and member retention.

Figure 15: Weibull regression for “Community participation” in 
Amhara Region CBHI, 2024. 

(Figure 15) analyzes the impact of community participation-
categorized as active, moderate, and limited-on member reten-
tion in the CBHI program. At the start of the membership period, 
survival probabilities are high across all levels of participation. 
However, members with active involvement exhibit the high-
est survival probabilities, beginning around 0.95 and remaining 
above 0.8 after four years, gradually declining to approximately 
0.7 by the eighth year.

Members with moderate participation show a mild decline 
in survival probabilities, starting around 0.90 and dropping to 
about 0.6 by the eighth year. In contrast, members with limited 
involvement demonstrate a more pronounced decline, with the 
lowest survival probabilities, starting at around 0.85 and declin-
ing more steeply to about 0.5 by the eighth year. This stark de-
cline underscores the potential risk of high dropout rates for 
members with limited involvement.

The graph underscores that active participation is associated 
with higher membership retention rates over time, while lim-
ited participation is linked to higher dropout rates. Specifically, 
members with active involvement start with survival probabili-
ties of about 0.95, decreasing to 0.8 at four years and 0.7 by the 
eighth year. Members with moderate participation begin with 
survival probabilities around 0.90, decreasing to 0.75 at four 
years and 0.6 by the eighth year. Those with limited involve-
ment start with survival probabilities around 0.85, dropping 
to 0.7 at four years and 0.5 by the eighth year. These findings 
underscore the importance of fostering active community par-
ticipation, which can significantly enhance the sustainability of 
CBHI programs by improving member retention. 

Community satisfaction categories were analyzed, and high 
satisfaction was used as the reference. Moderate satisfaction 
does not significantly impact attrition (H.R.=1.027, 95% CI: 
0.741-1.423). Dissatisfaction also shows no significant effect 
on attrition (H.R.=1.081, 95% CI: 0.768-1.522). Ensuring high 
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levels of community satisfaction is crucial for retaining mem-
bers in the CBHI program. Community satisfaction also influ-
ences member retention in the CBHI program. The parameter 
estimate for community satisfaction is 0.730, with a shape pa-
rameter (ln(ρ)) of 0.730 and a shape parameter (p) of 2.076. 
The inverse shape parameter (1/p) is 0.482, and the constant 
is 0.041. The AIC and BIC values are 1353.147 and 1371.743, 
respectively. Moderately satisfied members (OR=1.02, 95% CI: 
0.74-1.42) or dissatisfied (OR=1.08, 95% CI: 0.76-1.52) have 
mixed retention probabilities. High community satisfaction is 
essential for retaining members in the Program.

Figure 16: Weibull regression for “Community satisfaction” in 
Amhara Region CBHI, 2024. 

(Figure 16) demonstrates the positive impact of high com-
munity satisfaction on survival probabilities within the CBHI 
program. At the onset of the membership period, survival prob-
abilities are uniformly high. However, members with high com-
munity satisfaction stand out with the highest survival prob-
abilities, starting at an impressive 0.95 and maintaining above 
0.8 after four years, eventually declining to about 0.7 by the 
eighth year.

Members with moderate satisfaction witness a gradual de-
cline in survival probabilities, starting at around 0.90 and de-
creasing to about 0.6 by the eighth year. In contrast, members 
with low satisfaction face the most significant challenge, with 
the lowest survival probabilities, starting at approximately 0.85 
and declining more steeply to about 0.5 by the eighth year. This 
underscores the urgent need to address satisfaction levels for 
long-term program sustainability.

The graph suggests that high community satisfaction within 
the CBHI program is associated with higher membership reten-
tion rates over time, while low satisfaction is linked to higher 
dropout rates. Specifically, members with high satisfaction ini-
tially have survival probabilities around 0.95, decreasing to 0.8 
at four years and 0.7 by the eighth year. Members with moder-
ate satisfaction start with survival probabilities around 0.90, de-
creasing to 0.75 at four years and 0.6 by the eighth year. Those 
with low satisfaction begin with survival probabilities around 
0.85, dropping to 0.7 at four years and 0.5 by the eighth year. 

These findings underscore the potential of fostering high 
community satisfaction as a powerful strategy to significantly 
enhance the sustainability of CBHI programs by improving 
member retention. 

This analysis reveals the role of household health in influ-
encing CBHI membership sustainability. The Health Condition 
of Household Members shows that poor health does not signifi-

cantly affect attrition compared to fair health (H.R. = 1.195, 95% 
CI: 0.851-1.678). Good health also does not affect substantially 
attrition (H.R.=1.176, 95% CI: 0.835-1.657). These findings sug-
gest that the health condition of household members does not 
strongly influence CBHI membership attrition. The health condi-
tion of household members significantly affects CBHI program 
retention. The parameter estimate for a health condition is 
0.729, with a shape parameter (ln(ρ)) of 0.729 and a shape pa-
rameter (p) of 2.072. The inverse shape parameter (1/p) is 0.483, 
and the constant is 0.043. The AIC and BIC values are 1355.837 
and 1374.433, respectively. Members with poor (OR=1.03, 95% 
CI: 0.85-1.68) or good (OR=0.93, 95% CI: 0.83-1.66) health con-
ditions have varied retention probabilities. These findings sug-
gest that the health condition of household members impacts 
retention, with poor health potentially prompting members to 
stay for benefits and good health, reducing the perceived need 
for the Program.

Figure 17: Weibull regression for “Health condition of the household 
members” in Amhara Region CBHI, 2024. 

(Figure 17) examines household health conditions, plotting 
survival probabilities for poor, fair, and good-health house-
holds. For households with poor health conditions, the survival 
probability starts at approximately 1.0 and declines steadily 
over time, reaching around 0.4 after eight years. This indicates 
that members from households with poor health conditions 
are more likely to drop out of the CBHI program as time pro-
gresses. The rapid decline in survival probability suggests sig-
nificant challenges for these households, potentially related to 
their health status impacting their ability to sustain member-
ship. Households with fair health conditions begin with a sur-
vival probability of 1.0, gradually decreasing to about 0.5 by the 
eighth year. This trend indicates that members from households 
with fair health conditions are more likely to remain in the Pro-
gram than those with poor health conditions. However, there is 
still a considerable dropout rate over time, highlighting a need 
for interventions to improve retention among this group. Mem-
bers from households with good health conditions exhibit the 
highest survival probabilities. Their survival probability starts at 
approximately 1.0 and declines more slowly, remaining above 
0.6 after eight years. This indicates that members from house-
holds with good health conditions are the most likely to stay 
enrolled in the CBHI program over time. The slower decline in 
survival probability suggests that better health conditions con-
tribute positively to sustained membership. Members from 
households with poor health conditions experience a rapid 
decline in survival probability, reaching around 0.4 after eight 
years. This high dropout rate indicates significant challenges for 
these households. The survival probability for members from 
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households with fair health conditions decreases to about 0.5 
by the eighth year, suggesting moderate retention rates that 
could benefit from targeted support. Members from house-
holds with good health conditions have the highest survival 
probabilities, remaining above 0.6 after eight years, indicating 
better retention and highlighting the positive impact of good 
health on program membership.

The number of household members also impacts CBHI mem-
bership retention. For households with 4-6 members, the haz-
ard ratio is 1.050 (95% CI: 0.893-1.236), indicating a higher risk 
of attrition compared to the reference group (1-3 members), 
although this result is not statistically significant (p=0.556). 
For households with 7-10 members, the hazard ratio is 0.864 
(95% CI: 0.700-1.066), suggesting a lower risk of attrition than 
the reference group, with significance (p=0.017). The number 
of household members impacts membership retention. House-
holds with 4-6 members have a shape parameter (p) of 2.077 
(95% CI: 1.988-2.232) and an inverse shape parameter (1/p) of 
0.482 (95% CI: 0.448-0.503). For households with 7-10 mem-
bers, the data indicate a lower risk of attrition, which is signifi-
cant (p=0.042). This suggests that larger households tend to 
retain CBHI membership longer.

Figure 18: Weibull regression for “Number of household members” 
in Amhara Region CBHI, 2024. 

(Figure 18) examines the numbers of the household mem-
bers, plotting survival probabilities for households with 1-3, 4-6, 
and 7-10 members. The graph illustrates the Weibull regression 
curves for the number of household members and their survival 
probabilities against the total membership time in years. The 
analysis focuses on households with 1-3 members, 4-6 mem-
bers, and 7-10 members. Households with 1-3 members (Curve 
1) show a steady decline in survival probabilities over time. At 
the start, the survival probability is close to 1 (or 100%), but 
it gradually decreases, reaching approximately 0.6 by the 8th 
year. This indicates a significant dropout rate for smaller house-
holds over the years. Households with 4-6 members (Curve 2) 
exhibit a higher survival probability than smaller households. 
Their survival probability starts close to 1 and declines more 
slowly, maintaining around 0.7 by the 8th year. This suggests 
that households with 4-6 members have better retention rates 
in the CBHI program. Households with 7-10 members (Curve 3) 
demonstrate the highest survival probabilities among the three 
groups. Starting near 1, their survival probability remains rela-
tively high throughout the years, stabilizing around 0.75 by the 
8th year. This indicates that larger households are the most likely 
to maintain their membership in the CBHI program over time.

Model fit and parameters summary

The shape parameter (ln(ρ)) is 0.729, indicating the Weibull 
distribution's logarithm of the scale parameter. The shape pa-
rameter (p) of 2.073 suggests that the hazard function is mono-
tonic and increasing over time, while the inverse shape pa-
rameter (1/p) of 0.482 confirms this trend. The constant in the 
model is 0.042, representing the baseline log scale for survival 
time. The AIC value is 1355.033, and the BIC value is 1373.629, 
indicating a reasonable fit for the model. These parameters col-
lectively suggest that the hazard of dropout increases over time 
for those who do not intend to renew their membership. While 
the model fits the data reasonably well, there may still be op-
portunities to refine it further for better accuracy.

The model demonstrates a good fit with significant shape 
and scale parameters, indicating that the Weibull AFT Inverse-
Gaussian Shared Frailty Model is appropriate for analyzing CBHI 
membership attrition. The shape parameter (ln(ρ)) is 0.730 
(95% CI: 0.618-0.840), and the scale parameter (γ) is 4.624, 
showing that the event occurrence slows over time. The loca-
tion parameter (ln(θ)) is -14.228 (95% CI: -1149.995-1121.538), 
indicating low unobserved heterogeneity. The shape parameter 
(p) is 2.073 (95% CI: 1.856-2.316), and the inverse shape param-
eter (1/p) is 0.482 (95% CI: 0.432-0.539), confirming the model's 
robustness. The constant (_cons) is 0.004 (95% CI: 0.002-0.008), 
reflecting the baseline hazard. Additionally, the model's AIC is 
1355.033, and the BIC is 1373.629, suggesting a reasonable 
model performance and fit across the variable sets, with lower 
values indicating better model performance. The findings high-
light vital factors influencing membership retention in the CBHI 
program. Intention to renew, perceived healthcare quality, and 
community participation are significant predictors. Premium 
amount, distance to healthcare facilities, and health conditions 
also play crucial roles. These insights can guide policy adjust-
ments to improve the retention and sustainability of the CBHI 
program in the Amhara region.

Table 6: Model fitting information for program-specific variables 
(Time to Attrition).

Model Value N ll(null) ll(model) df AIC BIC

770 -672.761 -666.494 19 1370.987 1459.269

Log-likelihood -416.809

Prob > chi2 0.000

Wald chi2(17) 74.770

No. of failures 208

Time at risk 3,147

Note: The table presents model-fitting information for program-
specific variables using a Weibull AFT Inverse-Gaussian Shared Frailty 
Model, including log-likelihood values, AIC, BIC, chi-square statistics, 
number of failures, and time at risk.

The model fitting information indicates that the log-likeli-
hood of the null model is -672.761, and the log-likelihood of 
the fitted model is -666.494. With 19 degrees of freedom, the 
Akaike Information Criterion (AIC) is 1370.987, and the Bayes-
ian Information Criterion (BIC) is 1459.269. The significant log-
likelihood chi-square value (Prob > chi2 = 0.000) and Wald chi-
square (74.770) suggest that the model fits the data well. There 
are 208 failures (dropouts) out of 770 observations, with a total 
time at risk of 3,147.
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Summary

The analysis of the Community-Based Health Insurance 
(CBHI) program in the Amhara region, conducted using the 
Weibull AFT Inverse-Gaussian Shared Frailty Model, a robust 
and reliable research methodology, reveals critical insights into 
the factors affecting membership retention and attrition. The 
study examines several key predictors, including the intention 
to renew membership, premium amounts, distance to health-
care facilities, perceived healthcare quality, service quality, 
community participation, community satisfaction, and house-
hold health conditions.

The intention to renew membership emerges as a significant 
predictor of CBHI membership attrition. Members who do not 
intend to renew exhibit a hazard ratio of 2.552, indicating a 
significantly higher likelihood of dropping out than those who 
intend to renew. Similarly, members still deciding about renew-
al face increased attrition risks, though the effect is less pro-
nounced. The model's shape parameter (p) of 2.073 indicates 
that the hazard function is increasing over time, underscoring 
the importance of reinforcing members' intentions to renew to 
reduce dropout rates.

Affordability emerges as a pivotal factor in sustaining mem-
bership, with moderate premium levels positively associated 
with better retention rates. Members paying $13-19 USD dem-
onstrate higher survival probabilities, while those paying higher 
premiums face more significant attrition. This underscores the 
need for a balanced premium structure that ensures affordabil-
ity for members. The proximity to healthcare facilities also plays 
a role in retention, with members living closer (5-30 minutes) 
to facilities exhibiting higher survival probabilities than those 
further away (70-180 minutes). These findings underscore the 
importance of accessibility in sustaining membership and re-
ducing dropout rates.

Perceptions of healthcare quality significantly impact reten-
tion, with members perceiving quality as fair or reasonable 
facing higher dropout rates, potentially due to unmet expecta-
tions. Service quality is another crucial determinant, with mem-
bers perceiving service quality as excellent exhibiting higher 
survival probabilities, whereas those perceiving it as poor face 
increased dropout risks. The analysis indicates that active com-
munity participation is associated with higher retention rates, 
while limited involvement is linked to higher dropout risks. En-
couraging community engagement can enhance the sustain-
ability of CBHI programs. Although community satisfaction and 
household health conditions influence retention, they are less 
pronounced predictors than others. Members with high com-
munity satisfaction and good health conditions tend to exhibit 
better retention rates. Regarding numbers of household mem-
bers the analysis reveals that larger households (7-10 members) 
have the highest retention rates, followed by medium-sized 
households (4-6 members), and smaller households (1-3 mem-
bers) experience the highest dropout rates. The data suggests 
that household size significantly influences membership reten-
tion in the CBHI program.

Conclusion

The analysis identifies vital program-specific factors influenc-
ing CBHI membership attrition, including the intention to renew, 
premium amounts, perceived healthcare quality, and commu-
nity participation. These findings provide valuable insights for 
policymakers and program managers to develop targeted inter-

ventions that enhance program sustainability and effectiveness. 
The study underscores the importance of a holistic approach 
to program design and implementation, considering the inter-
connectedness of factors such as intention to renew, perceived 
healthcare quality, and community participation. Key predictors 
such as intention to renew, perceived healthcare quality, and 
community participation highlight areas where policy adjust-
ments can improve retention and sustainability. The impact of 
premium amounts, distance to healthcare facilities, and house-
hold health conditions further emphasizes the need for a com-
prehensive strategy.

Recommendations

Based on the findings, several recommendations can be 
made to enhance the retention and sustainability of the CBHI 
program in the Amhara region. First, fostering a positive in-
tention to renew should be a priority. Programs that actively 
engage members, address their concerns, and introduce incen-
tives for timely renewal can help reinforce members' intentions 
to stay with the Program. 

Second, efforts should be made to enhance the quality of 
healthcare services provided under the CBHI program. Improv-
ing service quality can increase member satisfaction and re-
tention, as members are more likely to remain in the Program 
when they perceive the services as valuable and of high quality.

Third, improving accessibility to healthcare facilities is crucial 
for reducing dropout rates. Ensuring that healthcare facilities 
are easily accessible to members can alleviate logistical chal-
lenges and encourage continued participation. This may involve 
infrastructure improvements or initiatives to reduce travel time 
to health facilities.

Fourth, optimizing premium structures to balance afford-
ability and value is essential. Offering subsidized premiums for 
low-income members or flexible payment plans can make the 
Program more accessible and attractive to a broader range of 
members.

Finally, encouraging community participation is vital for en-
hancing retention and program sustainability. Promoting active 
engagement and involvement in program activities can foster a 
sense of community and support, making members more likely 
to remain enrolled in the CBHI program. By implementing these 
recommendations, the CBHI program can improve retention 
rates and ensure long-term viability, providing its members with 
better financial protection and healthcare access. 

Development programs should actively engage members 
and address their concerns to foster a positive intention to re-
new. Introduce incentives or benefits for members who renew 
their membership promptly. Focus on enhancing the quality 
of healthcare services provided under the CBHI program to in-
crease member satisfaction and retention. Ensure that health-
care facilities are easily accessible to members to reduce drop-
out rates due to logistical challenges. The CBHI program can 
improve its retention rates and sustainability by implementing 
these recommendations.

Comparison of AFT shared frailty models for identifying 
factors influencing CBHI membership attrition

Community-Based Health Insurance (CBHI) schemes are vi-
tal for providing healthcare access and financial protection to 
households in developing regions. Understanding the factors 
influencing membership retention is crucial for enhancing the 
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sustainability and effectiveness of these programs. This chapter 
compares various Accelerated Failure Time (AFT) shared frailty 
models to identify the best-fit model for determining the pro-
gram-specific and socioeconomic factors influencing member-

Table 7: Comparison of the AFT shared frailty models for identifying program-specific factors influencing membership attrition based on 
AIC and BIC values to identify factors associated with time to attrition (Dropout) in the Amhara Region CBHI Program, 2024.

Baseline Distribution Frailty Distribution AIC BIC Variance (θ) p-value of L.R. test of θ = 0 Log-likelihood

Exponential Gamma 993.975 1077.634 0.977 <0.001 -478.988

Inverse-Gaussian 995.058 1083.364 0.981 <0.001 -478.529

Weibull Gamma 874.883 967.837 0.981 <0.001 -418.431

Inverse-Gaussian 874.862 963.169 0.985 <0.001 -418.431

Lognormal Gamma 895.057 988.011 0.985 <0.001 -427.528

Inverse-Gaussian 919.215 970.340 0.986 <0.001 -448.608

Log-logistic Gamma 886.119 979.073 0.985 <0.001 -423.060

Inverse-Gaussian 910.774 961.899 0.976 <0.001 -444.387

Note:

•	 AIC (Akaike Information Criterion): A measure of the 
relative quality of statistical models for a given data set. 
Lower values indicate a better fit.

•	 BIC (Bayesian Information Criterion): Similar to AIC but 
with a higher penalty for models with more parameters. 
Lower values indicate a better fit.

•	 Variance (θ): The variance of the random effect, indicat-
ing the degree of unobserved heterogeneity in the model.

•	 P-value of L.R. test of θ=0: The p-value from the likeli-
hood ratio test for the hypothesis that θ=0, with a val-
ue<0.05 indicating significant unobserved heterogeneity.

Exponential baseline distribution

Two frailty distributions were analyzed for the Exponential 
baseline distribution: Gamma and Inverse-Gaussian. The Ex-
ponential model with Gamma frailty distribution yielded an 
AIC of 993.975 and a BIC of 1077.634, with a variance (θ) of 
0.977 and a significant p-value (<0.001). The log-likelihood for 
this model was -478.988. The Exponential model with inverse-
Gaussian frailty distribution showed similar results with an AIC 
of 995.058, a BIC of 1083.364, a variance (θ) of 0.981, and a 
significant p-value (<0.001). The log-likelihood was slightly bet-
ter at -478.529. Despite these results, both Exponential models 
indicate a less optimal fit due to their high AIC and BIC values 
and their assumption of a constant hazard rate, which may not 
adequately capture the dynamics of CBHI membership attrition.

Weibull baseline distribution

The Weibull baseline distribution models with Gamma and 
Inverse-Gaussian frailty distributions provided a significantly 
better fit. The Weibull model with Gamma frailty distribu-
tion had an AIC of 874.883, a BIC of 967.837, a variance (θ) of 
0.981, and a significant p-value (<0.001), with a log-likelihood 
of -418.431. The Weibull model with Inverse-Gaussian frailty 
distribution had the lowest AIC of 874.862 and BIC of 963.169, 
with a variance (θ) of 0.985 and a significant p-value (<0.001). 
The log-likelihood was -418.431, matching the Gamma frailty 
distribution. These results highlight the Weibull model's flexibil-
ity and ability to accommodate varying hazard rates over time, 
making it the best fit for understanding CBHI membership at-
trition.

Lognormal baseline distribution

The Lognormal baseline distribution models were also eval-
uated. The Lognormal model with Gamma frailty distribution 
showed an AIC of 895.057, a BIC of 988.011, a variance (θ) of 
0.985, and a significant p-value (<0.001), with a log-likelihood 
of -427.528. The Lognormal model with Inverse-Gaussian frailty 
distribution had an AIC of 919.215 and a BIC of 970.340, with 
a variance (θ) of 0.986 and a significant p-value (<0.001). The 
log-likelihood was -448.608. While better than the Exponential 
models, these models did not perform as well as the Weibull 
models, indicating that the Lognormal distribution is less suit-
able for this analysis.

Log-logistic baseline distribution

Finally, the Log-logistic baseline distribution models were 
considered. The Log-logistic model with Gamma frailty distribu-
tion had an AIC of 886.119, a BIC of 979.073, a variance (θ) of 
0.985, and a significant p-value (<0.001), with a log-likelihood of 
-423.060. The Log-logistic model with inverse-Gaussian frailty 
distribution showed an AIC of 910.774, a BIC of 961.899, a vari-
ance (θ) of 0.976, and a significant p-value (<0.001). The log-
likelihood was -444.387. While these models performed better 
than the Lognormal and Exponential models, they still did not 
surpass the Weibull models, indicating that the Log-logistic dis-
tribution is less suitable for this analysis. 

The comparison indicates that the Weibull baseline distribu-
tion is the most suitable for modeling the time to attrition in the 
CBHI program. The Weibull models, with Gamma and Inverse-
Gaussian frailty distributions, consistently show the lowest AIC 
and BIC values, suggesting the best fit for the data. The Weibull 
distribution's flexibility in accommodating varying hazard rates 
over time makes it particularly effective for this analysis. High 
variance (θ) values and significant p-values across all models 
underscore the importance of accounting for unobserved het-
erogeneity. The significant unobserved heterogeneity may be 
due to factors not captured in the model, which still influence 
membership attrition. The Weibull AFT Inverse-Gaussian Shared 
Frailty Model is identified as the best-fit model for understand-
ing and addressing membership attrition in the CBHI program. 
The shape parameter (p) of approximately 2.074 indicates an 
increasing hazard function over time, suggesting that dropout 
risk increases as time progresses. This finding implies that on-
going engagement and support are critical for maintaining CBHI 

ship attrition in the CBHI program in the Amhara region. The 
analysis evaluates different baseline and frailty distributions 
based on AIC, BIC, variance (θ), and the p-value of the L.R. test 
of θ = 0.
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membership.
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