
 

 

MODELING THE RISK FACTORS OF MISCARRIAGEUSING CENSORED 

QUANTILE REGRESSIONIN KENYAN COHORT 

 

Abstract 

Background: Numerous researches have been undertaken to delineate the significant 

risk factors linked to miscarriage. The etiology of miscarriage has presented 

challenges in its elucidation, necessitating a comprehensive understanding of the 

elements that are linked to this phenomenon. The examination of these aspects has 

been conducted utilizing diverse methodological techniques and analytical 

procedures. The Cox's proportional hazards model and the accelerated failure time 

models are commonly utilized in the field of survival analysis. While these models 

provide a certain level of flexibility, they do not allow for the differentiation of 

predictor indicators between high-risk and low-risk subpopulations.In 

contrast,quantile regression allows for the assessment of separate effects of covariates 

at different quantiles of the conditional distribution of miscarriage. 

Objective: This study assessed the risk factors for miscarriage using the censored 

quantile regression model and compared the results to that of Cox proportional hazard 

model. 

Methodology:A secondary data from6077records of pregnant women with 

recognized pregnancy and enrolled in the pre-natal care in Kakamega County General 

Teaching and Referral Hospital (KCGTRH) in Kakamega county, western Kenya 

during the period from 1 January, 2019 up to 31 October, 2020 were recruited into the 

study. The study used chi-squared tests for descriptive analysis. Cox proportional hazards 

and censored quantile regression were used for modeling. Analysis was done using the R 

package and 5% was the level of significance. 

Results: Censored quantile regressions were conducted to estimate the parameters for 

the quantiles, ߬ = 0.05, 0.1, 0.15, 0.2. The results showed that ethnicity had a positive 

effect and was statistically significant at ߬ = ݌) 0.1 = 0.0023) and number of previous 

stillbirths had a negative effect and was significant at ߬ = ݌)	0.15 = 0.032)and at	߬ = 0.2 

݌) = 0.036). Graphical comparison of censored quantile model effects to that of cox PH 

model revealed that the variables; prior miscarriages, prior stillbirths, place of residence, 



 

 

and number of ANC visits have a statistically significant adverse effect on the 

survival time of miscarriages in the initial phases of pregnancy, contrary to cox PH 

model. 

Conclusion: No variable had a statistically significant influence across all quantiles. 

The results depicts that at a certain moment in the monitoring procedure, they will 

have a significant impact on the length of survival for miscarriages. A quantile 

regression model have the capacity to incorporate cross-over effects, whereby the 

influence of a covariate can manifest as either positive or negative. In contrast, Cox 

estimates do not allow for the potential scenario when a covariate initially increases 

the hazard for a specific time period and subsequently decreases it. 

 

1.  Introduction 

Miscarriage is a common event in women’s lives. It is considered irreversible, and 

therefore prevention is probably the only method of intervention. According to Kline 

and Stein (1984), the World Health Organization (WHO) released a suggestion in 

1957 to develop a precise definition of abortion as the unintentional termination of 

pregnancy before the conclusion of 28 weeks of gestation, particularly in instances 

unrelated to the human condition. In 1977, the WHO made adjustments to its 

definition, wherein it broadened the scope to encompass the cessation of a non-viable 

pregnancy weighing below 500 g prior to attaining 22 weeks of gestation (WHO, 

1977). 

 

The incidence of miscarriages has demonstrated notable fluctuations among many 

groups and temporal epochs. The current prevalence of miscarriage is commonly 

claimed to be around 10% to 15% of all pregnancies that have been clinically 

identified (Simpson and Carson, 1993; Simpson and Mills, 1986; Zinaman et al., 

1996; Garcia-Enguidanos et al., 2002). The empirical estimation of the prevalence of 

the phenomenon being studied has yielded a range of reported percentages, with the 

lower end estimates ranging from 2% to 3%, and the top end estimates reaching as 

high as 30% (Cai and Feng, 2005). 

 



 

 

The cause of miscarriage remains uncertain. Nevertheless, some studies have 

identified several factors that contribute to and elevate the likelihood of spontaneous 

abortion. Various risk factors are involved in reproductive health, including 

demographic parameters such as a woman's years of age, gravidity, duration of 

gestation gap, and pregnancy history (including the number of prior live births and 

fetal losses) (Andersen et al., 2002; Regan et al., 1989; Coste et al., 1991; Reagan, 

1991; Parazzin et al., 1997; Ogasawara et al., 2000; Andersen, Wohlfahrt, Christens, 

Olsen, Melbye, Nybo, 2000; Sufian et al., 2024; De la Rochebrochard and Thonneau, 

2002). Genetic factors encompass chromosomal abnormalities and mutations in genes 

(Garcia-Enguidanos et al., 2002; Simpson and Carson, 1993; Wu Y et al., 2024; 

Jackson&Watkins, 2021; Neill, 2023). Social and environmental factors encompass 

various determinants that can influence individuals' health outcomes. These factors 

include drug usage, caffeine intake, smoking and drinking habits, obesity, place of 

residence, and race (Frazier, Hogue, Bonney, Yount, Pearce, 2018; Maraka, Ospina, 

O'Keeffe, Espinosa De Ycaza, Gionfriddo, Erwin, Coddington, Stan, Murad, Montori, 

2016; Practice Committee of the American Society for Reproductive Medicine, 2012; 

Metwally, 2008; Chatenoud, Parrazin, Di cintio, Zanconato, Benzi, Bortolus and La 

Vecchia, 1998; Cnattingius et al., 2000; Lindbohm et al., 2002; Rasch, 2003; Kicia, 

Skurzak, Wiktor, Iwanowicz-Palus, & Wiktor, 2015; Mills, Ricklesford, Cooke, 

Heazell, Whitworth & Lavender, 2014; Pasquali, 2006; Wong, Ray, Gao et al., 2010; 

Peck et al., 2010). Additional factors that can contribute to adverse pregnancy 

outcomes encompass uterine anomalies, fibroids, cervical insufficiency, post-

operative alterations, chronic diseases, starvation, trauma, infectious diseases, social 

upheaval, and induced abortion (Hendriks, MacNaughton, MacKenzie, 2019; Wu Y, 

Yu X, Li M, Zhu J, Yue J, Wang Y, Man YZhou C, Tong R and Wu X., 2024; 

Carlson and Mourgova, 2003; Ellett, Buxton, and Luesley, 1992; Shapiro and Bross, 

1980) as cited in (Wood, 1994). 

 

 

The Cox's PH model, introduced by Cox (1972), and the AFT models are commonly 

utilized in the field of survival analysis. While Cox models provide a certain level of 

flexibility, they do not allow for the differentiation of predictor indicators between 

high-risk and low-risk subpopulations. The evidence offered exclusively presents a 

static condition, indicating that a certain variable acts as a risk factor. However, it 



 

 

does not indicate the specific point in the patient's survival timeline when the variable 

became a significant risk factor. The phenomenon can be ascribed to the sustained 

preservation of the hazard ratio across the whole duration. The application of quantile 

regression (QR) models, which were first introduced by Koenker and Basset (1978), 

and the advancement of censored quantile regression models by Powel (1984, 1986), 

have become valuable alternative methodologies for analysing the distribution of a 

response variable in the presence of a specified set of independent variables. The Cox 

proportional hazard and acceleration failure time models are commonly utilized tools 

in the examination of time to event data, but they possess certain inherent limitations. 

An inherent constraint to consider for the cox model is the underlying assumption of a 

consistent HR during the entire duration of observation. Furthermore, this particular 

model places emphasis on the modeling of the hazard rate as opposed to directly 

measuring the duration of survival. Furthermore, this approach demonstrates a 

constrained ability to effectively handle statistical anomalies and lacks adaptability in 

analyzing the variables that impact miscarriage, particularly in situations when the 

data distribution is skewed.  

 

The utilization of the censored quantile regression model is a more flexible and easily 

understandable alternative. In contrast to traditional methodologies such as the Cox 

model and the Accelerated Failure Time model, the utilization of quantile regression 

(QR) allows for the assessment of separate effects of covariates at different quantiles 

of the conditional distribution of miscarriage duration. More so, it relaxes the inherent 

assumption of the AFT model that the relationship between the response variable and 

the covariates are constant across all levels.  Quantile regression models are utilized to 

capture changes in the quantiles of the conditional distribution of survival time with 

respect to modifications in the explanatory variables. Fitzenberger and Wilke (2005) 

describe the distinguishing features of the models as their independence from 

modeling assumptions and their increased flexibility in comparison to the AFT and 

Cox's PH models. Additionally, it is frequently seen that the distribution of the 

response variable in survival analysis has substantial skewness. Quantile regression 

techniques demonstrate robustness in the characterization and examination of survival 

data distributions that possess skewness. 

 



 

 

In their study, Koenker and Geling (2001) present a comprehensive overview of the 

advantages linked to duration analysis based on QR. Censored quantile regression for 

fixed censoring was first introduced by Powel in his influential publications in (1984, 

1986). Portnoy (2003) proposed a technique for QR in the presence of random 

censoring, which has similarities to the Kaplan-Meier estimator. In a similar vein, the 

authors Peng and Huang (2008) put up a method based on QR to address the issue of 

random censoring, which exhibits certain resemblances to the Nelson-Aalen 

estimator. 

 

In order to acquire a deeper understanding of the practical implementations of QR, it 

is advisable to consult the studies conducted by Fitzenberger et al (2002) or Koenker 

and Hallock (2001).  

Quantile regression has a wide application in failure time analysis. For instance, 

Carey et al. (2004) conducted a study in the domain of clinical research, which 

unveiled a significant correlation between diminished growth velocity (particularly, 

falling below the 10th quantile) in individuals with AIDS and a substantially 

increased likelihood of dying. In the healthcare domain, a quantitative research 

approach was employed by Austin et al. (2005) to examine the various factors that 

impact waiting times for critical medical treatment. The study focused on 

investigating the correlation between patient and system variables and waiting times. 

The study's results indicated that gender was a notable factor in predicting the degree 

of delays encountered by patients while seeking treatment, particularly among persons 

who experienced the lengthiest waiting periods. Further noteworthy applications may 

also be discerned in the fields of clinical and biomedical research (Flemming et al., 

2017; Faradmal et al., 2016), as well as in the sphere of healthcare (Ding et al., 2010; 

Cournane et al., 2016; Yazdani, A et al., 2021)). However, the application of the 

censored QR model in medical research has been significantly restricted. To date, 

there has been a scarcity of research undertaken on the subject of miscarriages in 

Kenya, with the existing studies failing to employ censored QR models. 

 

 

 

 

 



 

 

2. Material and Methods 

2.1 Study Design 

A retrospective cohort study was conducted for pregnant women who were enrolled 

for antenatal care in Kakamega County General Teaching and Referral Hospital 

(KCGTRH) in Kakamega county, western Kenya, hence secondary data from records 

of pregnant women was collected. Pregnant women with recognized pregnancy and 

enrolled in the pre-natal care during the period from 1 January, 2019 up to 31 

October, 2020 were recruited into the study. 

2.2 Study Area 

The research was carried out inside Kakamega County, western Kenya and limited to 

pregnant women enrolled for antenatal care services in Kakamega County General 

and Teaching hospital (KCGTRH). The county is located on the western part of 

Kenya. According to Kenya Bureau of Statistics(2019), the county under discussion 

ranks as the fourth most populated in Kenya, boasting a population above 1.8 million 

individuals. The KCGTRH was chosen to host the study as it is a level 5 referral 

hospital receiving patients from the entire Kakamega county, with good laboratory 

and clinical infrastructure and therefore suitable for recruiting pregnant mothers all 

over the county. The study population included all pregnant women living in 

Kakamega county, western Kenya during the period from 1, January 2019 up to 31 

October 2020, where cases of spontaneous abortion were identified. 

2.3 Sampling Procedure 

All pregnant women enrolled in antenatal care from January 1, 2019 up to 31 October 

2020 in KCGTRH in Kakamega County, western Kenya and met the inclusion criteria 

were included in the sample. Decision was made to consider all of them as sample to 

get the accurate and precise findings which will be inferred to county population as 

the KCGTRH serve the whole county. All pregnancy records with the results of the 

pregnancy outcome within the stated period was selected and reviewed for this study. 

Inclusion criteria 

 Subjects under study must be a pregnant woman enrolled in antenatal care in 

KCGTRH 



 

 

 Must have a confirmed pregnancy of a gestational age of 6 to 12 weeks or 

earlier. 

 Subjects whose documentation of medical, gynaecological history and 

demographical data are available 

 The result of the pregnancy outcome of the woman is documented. 

Exclusion criteria 

 Miscarriages from unrecognized pregnancy. 

 Pregnant women not under antenatal care. This because of difficulty obtaining 

full information about them, such as their total number. 

 Pregnancy of gestational age beyond 12 weeks 

 Threatened miscarriage 

2.4 Study Variables 

The factors under consideration in this investigation were obtained from the existing 

standard medical records. The analysis utilized the covariates that were recorded 

during the initial antenatal care visit due to a scarcity of available secondary data. 

The factors that are being measured or observed in a study are referred to as outcome 

variables. The event being examined was a spontaneous termination of pregnancy. 

The dependent variable will be operationalized as the time interval between the last 

menstrual period and either the incidence of a miscarriage or the termination of the 

study period, which aligns with the ending of the pregnancy. Participants who were 

unable to experience the event being studied before the end of the designated research 

period were categorized as censored, along with those who were no longer available 

for further observation. Miscarriage, commonly referred to as spontaneous abortion, 

denotes the involuntary cessation of a pregnancy before to attaining a gestational age 

of 28 weeks. 

Independent variables included; 

Socio-demographic characteristics: ethnicity, maternal age, marital status, , length of 

pregnancy interval, history of previous pregnancy (number of previous live births and 

foetal losses),parity, gravidity, induced abortion and use of certain contraceptives and 

number of antenatal care visits. 

Socio-economic characteristics: Education level, employment status and place of 

residence (urban/rural). 



 

 

Clinical characteristics: signs and symptoms of pregnancy loss (blood discharge), 

chronic diseases (HIV, TB, diabetic, hypertension), infections (malaria, STDs, UTIs), 

haemoglobin status (HB) and folic intake.  

Lifestyle characteristics: caffeine intake, exercises, stress, smoking, exposure to 

cigarette smoke and alcohol consumption, obesity and drug use. Pregnant mothers 

that were eliminated from the sample were those whose folders lacked essential 

information. The researcher utilized a checklist to gather data from these folders, 

focusing on various demographic and medical factors. These factors included 

ethnicity, gravidity, maternal age, parity, marital status, history of miscarriages and 

stillbirths, educational level, profession, HIV status, frequency of antenatal care visits, 

presence of malaria infection, urinary tract infection, sexually transmitted diseases, 

gestational age, place of residence, survival time, and survival status. 

Miscarriage was the study endpoints with mothers follow up to go on as up to date of 

transferring out from health facility, death or until end of follow up period (end of 

pregnancy). 

2.5 Censored Quantile Regression (CQR) 

Linear censored quantile regression was introduced by (Powell, 1984). Given the 

linear latent variable model; 

 ௜ܶ = ்ܺ௜ߚ +  ௜       (2.1)ߝ

Where ߝ௜  are identically and independently distributed with distribution function ܨ. 

Powell noted if that censoring values ܥ௜ are observed for all ݅ = 1,2, …݊ and we 

observe ௜ܻ = max	(ܥ௜ , ௜ܶ). Then the conditional function is: 

 ܳ௒೔(߬ ⁄௜ݔ ) = ଵఛିܨ + ்ܺ ௜(2.2)      ߚ 

which can be estimated by letting ߩఛ(ߤ) = ߬)ߤ − ߤ)ܫ < 0)) by 

መߚ  = ௕∈ோ೙݊݅݉݃ݎܽ )ఛߩ∑ ௜ܻ ௜ܥ}ݔܽ݉− ,்ܺ௜ܾ})   (2.3) 

So long as that the design matrix Χ =  ߬ contain an intercept to absorb the (௜ݔ)

dependent contribution ିܨଵ(߬). Right censoring is accommodated by replacing ݉ܽݔ 

by ݉݅݊ above. That is the Powell estimator is given as; 

 ℛఛ(ܾ) = ௕∈ோ೙݊݅݉݃ݎܽ )ఛߩ∑ ௜ܻ ௜ܥ}݊݅݉− ,்ܺ௜ܾ})   (2.4) 

For this method ܥ௜’s are known for all observations, this situation is known as fixed 

censoring. 

Portnoy (2003) proposed a recursive reweighting method that provides a broader 

application of the Kaplan-Meier estimator. The proposed methodology facilitates the 



 

 

estimation of conditional quantile functions through the utilization of censored 

survival data. The revelation was made by the researcher that the quantiles of the 

Kaplan-Meier distribution function can be formally characterized as a solution to an 

optimization problem that incorporates weighted quantiles. In this particular situation, 

the weight assigned to observations that have been censored is divided into smaller 

halves. The aforementioned assertion was expanded to encompass the domain of 

regression analysis. The quantile regression estimator introduced by Portnoy, which 

incorporates censoring, can be mathematically represented as  

∑݊݅ܯ ఛ௜∉௄(ఛ)ߩ ௜ݕ) − (ߚ௜்ݔ + ∑ ௜௜∈௄(ఛ)ݕ)ఛߩ(߬)௜ݓ] − (ߚ௜்ݔ + (1 ஶݕ)ఛߩ((߬)௜ݓ− −

 (2.5)         [(ߚ௜்ݔ

where ܭ(߬) denote the index set of the censored observations encountered up to ߬, 

(߬)௜ݓ  = ఛିఛ೔
ଵିఛ೔

 ‘ and ݕஶ = +∞.     (2.6) 

Peng and Huang (2008) have presented a methodology that is closely associated with 

censored quantile regression for the analysis of censored survival data. The approach 

utilized in this methodology is grounded on the Nelson-Aalen estimation of the 

cumulative hazard function. 

 

3. Results and Discussion 

3.1 Distribution of study subjects and description of variables 

The study utilized a secondary dataset of 6,077 records of pregnant women who 

initiated prenatal treatment at Kakamega County Teaching and Referral Hospital 

(KCGTRH) in Kakamega County. The dataset encompassed a time frame that 

extended from January 1, 2019, to December 31, 2020. 

The primary variable under investigation in this study was the time in weeks until the 

occurrence of miscarriage. The independent variables, or covariates, included factors 

such as ethnicity, gravidity (number of pregnancies), maternal age, parity (number of 

previous live births), marital status, history of previous miscarriages, history of 

previous stillbirths, educational level, profession, HIV status, frequency of antenatal 

care visits, presence of malaria infection, presence of urinary tract infection, presence 

of sexually transmitted diseases, and place of residence. For easier analysis of the 

data, several covariates, including gravidity, mother’s age, number of previous 

miscarriages, number of previous stillbirths, ANC visits, and parity, were grouped 

into categories. However, despite this categorization, these variables were still utilized 



 

 

in the model fitting process. Table 1 displays the covariates together with their 

respective descriptions, categorizations, and distributions of the study individuals. 

Table 1 Description and Categorization of Variables 

Overall (N=6077) 

Variable  No. of mothers Percentage (%) 

Ethnicity   

Kalenjin  89 1.5 

Kikuyu  104 1.7 

Luhya  5231 86.1 

Luo  565 9.3 

Others  88 1.4 

Marital status 

Single  815 13.4 

Married  5262 86.6 

Educational level 

Primary 878 14.4 

Secondary 4715 77.6 

College  484 8.0 

HIV Status 

Positive  111 1.8 

Negative  5966 98.2 

Malaria infection 

No  6073 99.9 

Yes  4 0.1 

STDs status 

No  6073 99.9 

Yes  4 0.1 

UTI status 

No 6073 99.9 

Yes 4 0.1 

Profession  

Unemployed  4407 72.5 

Employed  1670 27.5 



 

 

Place of residence 

Rural  1296 21.3 

Urban  4781 78.7 

Age of mother 

<20 863 14.2 

21-25 2055 33.8 

26-30 1556 25.6 

31-35 1016 16.7 

>35 587 9.7 

Number of previous miscarriage 

≤2 6058 99.7 

3-4 16 0.3 

5-6 3 0.0 

Number of previous stillbirths 

≤2 6069 99.9 

3-4 7 0.1 

>41 1 0.0 

Number of ANC visits 

≤2 1009 16.6 

3-4 4794 78.9 

5-6 246 4.0 

>6 28 0.5 

Gravidity  

≤2 4003 65.9 

3-4 1651 27.2 

5-6 373 6.1 

>6 50 0.8 

Parity  

≤2 5053 83.1 

3-4 858 14.1 

5-6 147 2.4 

>6 19 0.3 

   



 

 

   

 

3.2 Descriptive Analysis 

A total of 248 female participants, constituting 4.1% of the sample, reported 

experiencing miscarriages. Table 2 displays the descriptive statistics for the variables 

of interest. From Table 2, the distribution of the number of women who experienced 

miscarriages, varied across different levels of some categorized variables. This was 

indicated by the computed Pearson chi-square statistic with P-value below 5%.  

 

Table 2 Descriptive Statistics 

Variable (N=248) (N=5829) Chi Square Test 

Miscarriage 

n(%) 

Not miscarriage 

n(%) ܺଶ p-value  

Ethnicity 

Kalenjin  10(11.2) 79(88.8) 25.7 0.0000 

Kikuyu  10(9.6) 94(90.4) 

Luhya  192(3.7 5039(96.3) 

Luo  32(5.7) 533(94.3) 

Others  4(4.5) 84(95.5) 

Marital status 

Single  35(4.3) 780(95.7) 0.110 0.741 

Married  213(4.0) 5049(96.0) 

Educational level 

Primary 33(3.8) 845(96.2) 6.075 0.048 

Secondary 185(3.9) 4530(96.1) 

College  30(6.2) 454(93.8) 

HIV Status 

Positive  6(5.4) 105(94.6) 0.507 0.477 

Negative  242(4.1) 5724(95.9) 

Malaria infection 

No  244(4.0) 5829(96.0) 94.078 0.0000 

Yes  4(100.0) 0(0.0) 



 

 

STDs status 

No  248(4.1) 5825(95.9) 0.172 0.680 

Yes  0(0.0) 4(100.0) 

UTI status 

No 246(4.1) 5827(95.9) 21.561 0.000 

Yes 2(50.0) 2(50.0) 

Profession 

Unemployed  160(3.6) 4247(96.4) 8.310 0.004 

Employed  88(5.3) 1582(94.7) 

Place of residence 

Rural  81(6.2) 1215(93.8) 19.799 0.000 

Urban  167(3.5) 4614(96.5) 

Age of mother 

<20 26(3.0) 837(97.0) 3.506 0.469 

21-25 83(4.0) 1972(96.0) 

26-30 71(4.6) 1485(95.4) 

31-35 43(4.2) 973(95.8) 

>35 25(4.3) 562(95.7) 

Number of previous miscarriage 

≤2 246(4.1) 5812(95.9) 3.031 0.220 

3-4 2(12.5) 14(87.5) 

5-6 0(0.0) 3(100.0) 

Number of previous stillbirths 

≤2 246(4.1) 5823(95.9) 10.78 0.005 

3-4 2(28.6) 5(71.4) 

>4 0(0.0) 1(100.0) 

Number of ANC visits 

≤2 85(8.4) 924(91.6) 59.466 0.000 

3-4 157(3.3) 4637(96.7) 

5-6 6(2.4) 240(97.6) 

>6 0(0.0) 28(100.0) 

Gravidity 

≤2 148(3.7) 3855(96.3) 7.483 0.058 



 

 

3-4 81(4.9) 1570(95.1) 

5-6 19(5.1) 354(94.9) 

>6 0(0.0) 50(100.0) 

Parity 

≤2 199(3.9) 4854(96.1) 2.970 0.396 

3-4 43(5.0) 815(95.0) 

5-6 6(4.1) 141(95.9) 

>6 0(0.0) 19(100.0) 

 

3.3 Fitting Cox proportional model 

The analysis commenced by including all covariates in the model (referred to as the 

complete model). Subsequently, a backwards stepwise regression procedure was 

employed, with the Akaike Information Criterion (AIC) serving as the metric for 

assessing the model's fit. The analysis yielded the multivariable model, which 

included continuous variables in their original continuous form, as presented in Table 

3. 

 

Table 3Cox Proportional Hazard model with Included Covariates in the Best 

 Selection of Covariates 

Covariate Coef. Exp(coef.) s.e(coef.)  Z-
statistic 

P-value 95% conf. 
interval 

Lower Upper 

Ethnicity         

Luhya(Ref.)        

Kalenjin 1.168 3.216 0.324 3.598 0.000 1.702 6.077 

Kikuyu 0.905 2.472 0.325 2.788 0.005 1.308 4.672 

luo 0.404 1.499 0.192 2.105 0.035 1.028 2.184 

Residence 
(urban) 

-0.482 0.617 0.139 -3.468 0.001 0.470 0.811 

No. of 
Previous 
miscarriage
s 

0.443 1.557 0.099 4.474 0.000 1.283 1.891 



 

 

No. of 
Previous 
stillbirths 

0.662 1.939 0.106 6.243 0.000 1.575 2.387 

Malaria(+) 3.456 31.682 0.517 6.687 0.000 11.506 87.235 

No. of ANC 
visits 

-0.664 0.515 0.096 -6.936 0.000 0.427 0.621 

 

3.4 Censored Quantile Regression Model 

A quantile regression model with censoring was employed in this section, to estimate 

quantiles up to the 20th percentile. Censored quantile regressions were conducted to 

estimate the parameters for the quantiles 0.05, 0.1, 0.15, and 0.2. The results derived 

from the censored quantile regression model are displayed in Table 4. 

 

 

Table 4The estimated parameters and p-values for t-statistic for variables at 

 each quantile level 

Variable Quantile levels (࢙࣎) 

0.05 0.1 0.15 0.2 

Coeff. p-

value 

Coeff. p-

value 

Coeff. p-

value 

Coeff. p-

value 

         

Intercept 14.00 0.154 19.62 0.091 18.00 0.073 19.11 0.003 

Ethnicity 2.13 0.846 3.04 0.002 2.75 0.552 1.72 0.771 

Number of 

Previous 

miscarriage 

-4.87 0.187 -3.69 0.392 -2.62 0.619 -1.86 0.705 

Number of 

Previous 

stillbirths 

-9.75 0.032 -6.50 0.149 -5.62 0.218 -5.45 0.036 

Employment 

status 

-1.87 0.844 -2.73 0.55 -1.46 0.811 -1.56 0.839 

Place of 

residence 

4.75 0.756 3.35 0.700 2.54 0.73 2.45 0.516 



 

Malaria 

status 

-2.00 0.873 -5.42 0.620 -8.79 0.509 -9.58 0.443 

Number of 

ANC visits 

4.00 0.356 3.35 0.4537 4.71 0.356 4.72 0.301 

 

The Figure 1 depicts the estimated treatment effects (blue curve) observed across all 

quantiles, with a specific focus on the outcomes presented in Tables 4. The provided 

Figure additionally displays the 95% (lighter blue shaded region) bootstrap 

confidence intervals pertaining to the coefficient effects of the CQR model and the 

null effect ( solid horizontal black line). 

 
Figure 11. The effects of ethnicity, previous number of miscarriages, previous 

number of stillbirths, occupation status, malaria infection, number of ANC visits 

and place of residence on women miscarriages’ survival time 

 



 

The cox PH model and censored quantile regression were compared. The two models 

were computed and subsequently merged to facilitate the graphical evaluation of the 

impact of the coefficients on the distribution of survival time. In Figure 2, the 

coefficient effects obtained from the Cox PH model are combined and evaluated with 

those obtained from the censored quantile regression model. The coefficient effects 

are represented by a solid red line for the Cox PH model and a dotted blue line for the 

censored quantile regression model. 

 
Figure 2 CQR point estimates (blue curve), 95% CI (lighter blue region) and 

PHM estimates (red solid line) comparison on risk factor effects 

 

3.5. Discussion 

The main aim of this study was to construct censored quantile regression  model that 

captures the risk factors linked to miscarriage. The Table 4 illustrates a positive 

association between ethnicity and survival time, suggesting that women of Luhya 

ethnicity had longer quantile of survival of miscarriage compared to those from other 

ethnic groups. The variable ethnicity was coded ( Luhya=1 and Others=0). The 

coefficient estimates for ߬ = 0.05, 0.1, 0.15	 and 0.2 for the factor ethnicity as in the 



 

 

table above are 2.126, 3.038, 2.753 and 1.723 respectively, which shows that luhya 

ethnicity has longer quantile of miscarriage survival than other ethnicities. The 

coefficients estimates depict how survival time varies across luhya ethnicity and other 

ethnicities.  Nevertheless, the effect found did not exhibit statistical significance 

across many of afore mentioned quantiles except at 0.1 quantile. At the 0.05 quantile, 

the p-value was determined to be 0.8463. Likewise, when considering the 0.1 

quantile, the p-value was determined to be 0.0023. Moreover, the p-value at the 0.15 

quantile was found to be 0.5515, whereas at the 0.2 quantile, the p-value was 

determined to be 0.7712. 

 

Number of previous miscarriages on the other hand was associated with having a 

negative effect on survival time. The effect identified in the study did not exhibit 

statistical significance at any quantile level. Moreover, based on the data presented in 

the table, it is evident that the presence of prior stillbirths has a negative influence on 

the length of survival. The observed effect exhibited statistical significance at the 0.05 

quantile level (p=0.032). Similarly, the occupation of the individual had a negative 

effect on their lifespan, and this effect was statistically significant at the 0.05 quantile 

level (p=0.0324) and at the 0.2 quantile (p=0.0357). In relation to the place of 

residence, there was a positive decreasing correlation observed between domicile and 

survival duration, with no statistical significance observed at any quantile level. In 

addition, it was observed that the presence of malaria had a non-significant influence 

on the duration of survival when compared to persons who did not suffer from 

malaria. The frequency of ANC visits has demonstrated a positive influence on the 

length of survival. However, it is important to note that this effect was not significant 

a cross quantiles. The significance of this discovery lies in the potential oversight of 

important patterns that are essential for the development of effective intervention 

strategies when utilizing approaches that rely on analyzing average effects.  

 

A noteworthy finding pertaining to these results is the lack of any variable that had a 

statistically significant influence across all quantiles. Based on the data shown in 

Table 4, it is apparent that multiple risk factors have a significant impact on the length 

of survival of miscarriages. However, these risk factors exert their influence in 

different ways at different quantile points. The diverse variables suggest that, at a 

certain moment in the monitoring procedure, they will have a significant impact on 



 

 

the length of survival for miscarriages. The Figure 1 depicts the estimated treatment 

effects (blue curve) observed across all quantiles, with a specific focus on the 

outcomes presented in Tables 4. The provided Figure additionally displays the 95% 

(lighter blue shaded region) bootstrap confidence intervals pertaining to the 

coefficient effects of the CQR model and the null effect ( solid horizontal black line). 

The presented data indicates that there is no statistically significant variation in 

ethnicity effect across the entirety of the survival distribution (blue line and black line 

almost overlap). The influence of ethnicity exhibits a noteworthy adverse impact 

during the initial stages of pregnancy, yet this effect diminishes in significance as the 

pregnancy advances. The number of prior miscarriages has been found to have a 

statistically significant negative impact on women's likelihood of survival throughout 

the initial stages of pregnancy. The observed effect persists in the negative range 

across all quantiles, although it loses statistical significance in the higher quantiles. A 

noteworthy adverse impact on survival time was detected across all quantiles in 

relation to the number of previous stillbirths. Furthermore, the study reveals that 

occupation consistently exerts a negative and non-statistically significant impact on 

the duration of survival following miscarriages in women, regardless of their position 

within the quantiles. A considerable adverse impact during the latter stages of 

pregnancy was observed in relation to malaria, although no such effect was found 

during the early stages. For the number of ANC visits variable, it exhibited a 

statistically significant favorable effect across all quantile levels while place of 

residence plot shows non-significant effect. 

 

In Figure 2, a thorough assessment of the coefficient effects is depicted, comparing 

the results obtained from the Cox PH model (represented by the solid red line) and the 

censored quantile regression model (illustrated by the dotted blue line). The image 

presented in this study also showcases the 95% bootstrapped confidence intervals for 

the coefficient effects of the CQR model. Based on the results depicted in Figure 2, it 

is evident that variables such as prior miscarriages, prior stillbirths, place of residence, 

and number of ANC visits have a statistically significant adverse effect on the 

duration of survival of miscarriages in the initial phases of pregnancy.  The Cox PH 

model indicates that the observed factors do not exhibit statistically significant 

impacts. The figure shown illustrates that both the ethnicity and malaria status had a 

significant effect on survival length within the quantiles ranging from 0.1 to 0.15. Last 



 

 

but not the least occupation status is shown to have no effect across all the quantilaes. 

The Cox's proportional hazards model is frequently found to be consistent with the 

quantile regression estimates for specific covariate effects. Nevertheless, there are 

cases in which the estimates for some covariate effects exhibit significant disparities. 

An important feature of the quantile regression model is its capacity to incorporate 

cross-over effects, whereby the influence of a covariate can manifest as either positive 

or negative. In contrast, Cox estimates do not allow for the potential scenario when a 

covariate initially increases the hazard for a specific time period and subsequently 

decreases it.  

The results obtained from the censored quantile regression model suggest that the 

occurrence of previous miscarriages is significantly linked to a negative effect on the 

length of time a pregnancy survives throughout its early stages. The findings from the 

CQR model indicated that the influence of prior stillbirths was significant during the 

initial phases of pregnancy, but did not exhibit statistical significance at any other 

point throughout the duration of the study. In addition, the variables of place of 

residence and malaria status demonstrated a significant influence on the length of 

survival throughout the early stages of pregnancy. The results of this study highlight 

the potential benefits of utilizing CQR models in the examination of survival data, in 

order to discover risk factors linked to survival outcomes. Upon conducting a 

comparison between the Cox model and the CQR model, it was noted that several 

factors, namely ethnicity, previous number of miscarriages, previous number of 

stillbirths, occupation status, and malaria infection, exhibited a statistically significant 

adverse effect on the duration of survival during the initial phases of pregnancy in the 

CQR model. Nevertheless, according to the Cox proportional hazards model, the 

variables' effects do not exhibit a statistically significant deviation from zero. The 

structure of the Cox's proportional hazards model is typically in line with the quantile 

regression estimates for specific covariate effects. Nevertheless, there exist significant 

discrepancies in the estimations of various covariate effects. The application of the 

censored quantile regression model, as opposed to the proportional hazards model, 

demonstrated notable discrepancies in the impacts of the coefficients. The Cox 

proportional hazards model demonstrated that the influence of risk factors remains 

remarkably stable throughout the entire spectrum of survival time. The quantile 

regression model, following the application of censoring, has indicated that a risk 

factor may demonstrate statistical significance at specific quantile points within the 



 

 

survival time distribution for women, while not exhibiting significance at other 

locations. The results of this study are consistent with the conclusions presented by 

Koenker and Billias in their examination of the Pennsylvania reemployment bonus 

studies (Koenker&Bilias, 2001). In addition, Koenker et al. suggest in their study that 

censored quantile regression could be a more flexible alternative to the proportional 

hazards model, since it offers additional insights into the impact of risk factors on 

survival length (Koenker et al., 2008). More so, Xue et al (2016) conducted a study 

that suggests the Cox proportional hazards model, commonly used for assessing time 

to event data, possesses certain drawbacks. The constraint of the assumption of a 

constant hazard ratio throughout time, commonly referred to as the proportionality 

assumption, plays a significant role in this context. Furthermore, the emphasis of this 

model lies in the modeling of the hazard rate as opposed to the direct estimation of the 

survival time. The conclusion has great importance as it highlights a limitation in the 

general proportional hazards model, which, despite being highly esteemed among 

experts, fails to sufficiently consider the dynamic influence of risk factors across the 

whole survival period. 

4. Conclusion 

The core of this thesis was to showcase the important insight that can be gained by 

using censored quantile regression model. The results of the study suggest that the 

application of quantile regression models in examining survival data, particularly in 

the context of the duration of miscarriage survival among pregnant women, 

demonstrates that the influence of different risk factors on miscarriage survival times 

varies across different time intervals. The CQR models place increased emphasis on 

the identification of significant risk variables during each designated time frame. The 

CQR model also underscored the dynamic nature by which risk factors can influence 

the duration of survival. The study revealed that the impact of a risk factor is 

considerable in the early stages of pregnancy, but loses relevance as the pregnancy 

progresses beyond a certain point. A significant advantage of this finding is that it 

empowers decision-makers to strategically formulate treatments by taking into 

account the efficacy of different risk factors. This technique has the potential to 

provide effective support for those receiving treatment and make a significant 

contribution to the prevention of miscarriages. The censored quantile regression 

model is specifically developed for analyzing the quantiles of the time to event. This 



 

 

particular paradigm presents a heightened level of flexibility and interpretability. The 

present study has provided a comprehensive understanding of the advantages of 

utilizing censored quantile regression models in order to uncover prognostic risk 

factors related to miscarriage. 
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