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[bookmark: _GoBack]Birth Preparedness and Complication Readiness in Rural and Urban Communities of Rivers State, Nigeria: A Clinical Epidemiological Approach
ABSTRACT 
Introduction: The Birth Preparedness and Complication Readiness (BPCR) strategy, which aims to address the “three delays” in accessing, getting to, and receiving care in an obstetric emergency, is a key component of improving maternal health. Nigeria has a maternal morbidity and mortality rate that is unacceptably high, and rural-urban inequalities contribute to these outcomes. This study aimed to assess the clinical epidemiological patterns of birth preparedness and complication readiness among women of reproductive age in rural and urban communities of Rivers State. 
Methods: A community-based cross-sectional study, utilising a clinical epidemiological approach, was conducted from April 22nd, 2025, to July 24th, 2025, and compared 584 women of reproductive age from rural and urban areas (292 in urban and 292 in rural areas). Participants were recruited through multistage sampling. A pretested, structured questionnaire, adapted from the Johns Hopkins Monitoring BPCR Index, was used to collect data. All analyses were conducted at a 95% level of confidence using descriptive statistics, chi-square analyses and multivariate logistic regression. Models were assessed for predictive performance through the Area Under the Receiver Operating Characteristic Curve (AUROC).
Results: The mean age of respondents was 28.7 ± 5.3 years. A larger proportion of urban respondents attained tertiary education, 122 (41.8%), compared to rural respondents, 50 (17.1%). Among respondents, a total of 300 (51.4%) had adequate BPCR practice. There was also a significant difference in practice according to residence, with 92 (31.5%) in rural areas and 208 (71.2%) in urban areas (χ² = 109.6; p < 0.001). Higher odds of good BPCR practices were observed among women with educated mothers, 2.41 (95% CI: 1.65–3.51), women with 4+ antenatal visits, 3.12 (95% CI: 2.01–4.83), those in formal employment, 1.83 (95% CI: 1.22–2.74), women residing in urban areas, 2.09 (95% CI: 1.41-3.09), women with good knowledge of danger signs, 2.75 (95% CI: 1.82–4.16), and those involving partners in BPCR, 1.98 (95% CI: 1.30–3.02). The model demonstrated excellent discrimination with an AUROC of 0.81, indicating strong predictive accuracy in identifying women likely to engage in BPCR.
Conclusion: BPCR knowledge and practices are found to be limited in Rivers State, with rural women being at a greater disadvantage. The results indicate that enhancing antenatal education to include maternal health, considering socio-economic related barriers, and greater emphasis on overall health infrastructure in rural areas needs to be highlighted.
Keywords: Birth preparedness, complication readiness, maternal health, AUROC, maternal health, rural-urban comparison, Rivers State. 
1. INTRODUCTION
Globally, maternal mortality is still a significant public health concern, with sub-Saharan Africa bearing a disproportionate amount of the burden. Approximately 202,000 maternal deaths, or 70% of all maternal deaths worldwide, occurred in the region in 2020 (World Health Organisation, 2023). Nigeria was one of the countries with the highest number of maternal deaths worldwide, accounting for over 30,000 (20%) (UNICEF, 2023). Disparities between urban and rural areas continue despite interventions (Obionu et al., 2022).
An important strategy to reduce maternal mortality is Birth Preparedness and Complication Readiness (BPCR). BPCR encourages proactive preparation for emergencies and childbirth, which includes identifying danger signs, a delivery facility, transportation, and saving money (Jhpiego, 2004).
Global maternal health interventions are guided by the standardised BPCR components of the WHO/JHPIEGO framework (Knight et al., 2013). Research indicates that women who use BPCR are more likely to give birth in a healthcare facility, seek professional health care, and have better birth outcomes (Adetona et al., 2024).
However, in many Low-and Middle-Income Countries (LMICs), BPCR practice remains inadequate. Only 37.8% of women in northern Nigeria practised BPCR to an adequate level, and rural women were significantly less prepared (IIiyasu et al., 2010).
Less than 20% of individuals in central Ethiopia identified trained birth attendants or made transportation arrangements (Girma et al., 2021). These disparities highlight the importance of financial, accessibility, and awareness barriers.
Disparities are reported in Rivers State, where rural maternal mortality ratios are still higher than 800 per 100,000, despite a decline in urban rates (Ibadin et al., 2017). Unreliable prenatal care, financial difficulties, and inadequate BPCR knowledge are all contributing factors (Adewuyi et al., 2018).
There is limited research to access BPCR in the Niger Delta region, Nigeria, despite its socio-economic and ecological challenges. Current research focuses on demographics but ignores environmental, occupational and transportation hazards (Adjiwanou & LeGrand, 2014; Ibadin et al., 2017). Also important is mothers' occupation: formal jobs provide urban women with a stable income and access to health information (Ahinkorah et al., 2021; Ahmed et al., 2024; Berhe et al., 2018).
A key component of BPCR is antenatal care (ANC). Many Nigerian rural women attend fewer than four ANC visits, despite the World Health Organisation's recommendation of at least eight ANC visits before delivery (World Health Organisation, 2023). According to studies, BPCR is 2.5 times more common among women who have had at least four ANC visits (Alamrew et al., 2024).
Key elements of BRCP, including facility identification, transportation, knowledge of danger signs, and cost savings, are used by the WHO/JHPIEGO BPCR Index to measure preparedness (Jhpiego, 2004; Oduro et al., 2023). However, its use in Nigeria is limited and inconsistent.
Clinical epidemiology provides a paradigm that integrates population-level data with individual care. Knowing the predictors, including education, ANC attendance, and occupation, can help in crafting specific interventions (Okonofua et al., 2022; Soubeiga et al., 2014). Similar tools can assess predictive strength; the Area Under the Receiver Operating Characteristic Curve (AUROC) was 0.78 in Tanzania, whereas predictors of BPCR included maternal education, parity, and marital status (Bintabara et al., 2015). Such methods could be instrumental in designing risk-stratified interventions in Rivers State.
Nigeria's health policy framework supports maternal health through the National Reproductive Health Policy and the Basic Health Care Provision Fund (Igbokwe et al., 2024). Interventions targeting BPCR undertaken in line with these policies can localise the application of national policies to the household level.
Justification for the study: In Rivers State, limited data are available comparing BPCR determinants, particularly in urban and rural settings. The study used a clinical epidemiological approach to assess BPCR determinants and predictive models. This aims to achieve SDG 3 by assisting policy formulation to reduce maternal morbidity and mortality. 
2. METHODS AND MATERIALS
2.1 Study design 
This study adopted a community-based, analytical cross-sectional design, utilising a clinical epidemiological approach to assess BPCR among women of reproductive age (15–49 years) in rural and urban communities of Rivers State, Nigeria. The study was conducted within three months (April 22nd, 2025, to July 24th, 2025).
2.2 Study Area
Rivers State is situated in the Niger Delta region of Nigeria and comprises 23 Local Government Areas (LGAs), which are broadly classified into urban and rural communities. The rural areas are characterised by limited access to healthcare, riverine terrains, and predominantly subsistence livelihoods, whereas the urban areas have better health infrastructure, educational opportunities, and diverse employment. Maternal mortality in the state remains above the national average, particularly in rural LGA clusters where access to skilled birth attendants is limited.
2.3 Study Population
The target population comprised women aged 15–49 years. 
Inclusion Criteria
· Women who had given birth in the 12 months preceding the survey.
· Pregnant women in their third trimester (≥28 weeks of gestation) attending antenatal care at health facilities in both rural and urban locations.
· Women (15-49 years) who are residents in the selected communities for at least 6 months before the study.
· Women who gave informed consent to participate in the study.
Exclusion Criteria
· Women who were critically ill or had conditions preventing interview participation.
· Women who are visitors or temporary residents in the study area.
· Women with incomplete antenatal records that prevent BPCR assessment.

2.4 Sample and Sampling Techniques
Sample Size Determination
The minimum sample size “n” for the study was determined using the formula for comparing two proportions as shown:
[bookmark: _Hlk196819456][bookmark: _Hlk206181326] n= (Zα/2​+Zβ​)2×[(p1​(1−p1​) +p2​(1−p2​)]
                   (p1​−p2​)2
n = sample size per group. 
Z α/2 = Critical value at 95% confidence interval=1.96.
Z β = For a power of 80%, and Critical value=0.84.
p 1 ​ = proportion of mothers practising appropriate feeding in Ekiti State rural communities = 42.0% (0.42) (Adetona et al., 2024).
[bookmark: _Hlk208254681] p 2 ​ = proportion in Ekiti State urban communities = 59.0% (0.59) (Adetona et al., 2024).
( 𝑝 1 − 𝑝 2 ) (p 1−p 2 ​ ) = 0.17.
Substituting values (rural p1=0.484, urban p2​=0.605):
· [bookmark: _Hlk206011644]p1(1−p1) = 0.484×0.516=0.249744. 
· p2(1-p2) =0.605 × 0.395 = 0.238975.   
· Sum = 0.488719.
· [bookmark: _Hlk206181825][bookmark: _Hlk206181614]Z α/2 =1.96; 𝑍 𝛽= 0.84; (Zα/2​+Zβ​) =2.80;  (Z α/2+Z β)2 =(2.80)2 = 7.84.
· Numerator = 7.84 × 0.488719 ≈ 3.831.
· Denominator = (0.605 − 0.484)² = 0.014641.
· [bookmark: _Hlk206163600]Raw n per group = 3.831 / 0.014641 ≈ 261.70 ≈ 262 per group.
· Adjust for 10% non-response: 262/0.9= 291, but 292 was used. 
· Final total = 292× 2 = 584 participants (292 rural; 292 urban). 
2.5 Sampling procedure 
A multistage random sampling technique with four stages was used.
At the first stage, one rural LGA (from the 21 rural LGAs) and one urban LGA (from the 2 Urban LGAs) were selected using simple random sampling by balloting. At the second stage, two communities were randomly selected from each of the chosen LGAs, using computer-generated random numbers, from the list of all communities in each LGA. At the third stage, eligible women were identified from antenatal care registers and through community health extension records. At the fourth stage, systematic random sampling was applied within each community to recruit respondents until the allocated sample size was achieved for each community (146 participants for each community; 146 x 4= 584 participants).
2.6 Data collection instrument and BPCR measurement (JHPIEGO/WHO)
[bookmark: _Hlk206182560] Data Collection Instrument
A structured interviewer-administered questionnaire was adapted from the Johns Hopkins JHPIEGO/ WHO BPCR Index (Jhpiego, 2004), validated in Nigeria, and pretested among sixty mothers in a neighbouring LGA outside the study LGAs. The instrument had four sections:
1. Socio-demographic data (age, marital status, education, occupation).
2. [bookmark: _Hlk206164768]Obstetric history (ANC attendance, previous complications, parity).
3. Knowledge of obstetric danger signs (antenatal, intrapartum, postpartum).
4. [bookmark: _Hlk206513153]Birth preparedness and complication readiness (BPCR) components (Identified delivery facility, financial savings, transport arrangement, arrangement for skilled attendant, blood donor identification).
Operational definition of adequate BPCR: Following comparable Nigerian studies and to maintain comparability with available regional data, a respondent was classified as having “adequate” BPCR if she reported at least three (≥3) of the five core BPCR indicators; respondents reporting fewer than three indicators were classified as inadequately prepared (Jhpiego, 2004). One point was allotted to each BPCR component. The total score was 5. 
Data collectors, training, and field procedures
Six research assistants received a three-day training on the study instrument, consenting procedures, interview techniques, and ethical conduct. Two field supervisors oversaw daily activities, performed random back-checks on 10% of interviews, and reviewed completed questionnaires for completeness and logical consistency. The interview was administered in English, Pidgin English, also known as Nigerian creole, and in the native dialects, privately to the mothers in their houses to ensure confidentiality. Three supervisors reviewed questionnaires daily for completeness and accuracy.
2.7 Data management and statistical analysis
· Completed questionnaires were checked daily for completeness and consistency.
· Data were coded using a detailed codebook and double-entered into Microsoft Excel 365 by two independent data clerks. Discrepancies were reconciled by cross-checking the paper forms.
· Data cleaning steps included range and consistency checks, identification of duplicates, and verification of outliers with field forms.
· Missing data were documented; for multivariable analyses, listwise deletion was used for participants missing key predictors or outcome variables.
· Cleaned datasets were exported to the Statistical Product and Service Solution (SPSS) Version 27 (Armonk, NY: IBM Corporation) for analysis.
· Data and code were stored on an encrypted external drive; access was limited to core study staff. De-identified datasets were prepared for sharing under data-use. 


2.8 Data Analysis
· Descriptive statistics: Frequencies, proportions, and means (SD) described socio-demographic and obstetric characteristics, by residence (rural versus urban). Per-community results were reported where relevant.
· Bivariate analysis: Pearson’s chi-square assessed associations between categorical variables and BPCR status. 
· Multivariable modelling: Variables with p < 0.20 on bivariate analysis plus a priori predictors (residence, education, occupation, ANC visits, parity, age, knowledge of danger signs, partners involvement) were entered into a multivariable logistic regression model to estimate adjusted odds ratios (AORs) and 95% confidence intervals (CIs) for factors independently associated with adequate BPCR.
· Model performance: Model discrimination was assessed using the Area Under the Receiver Operating Characteristic curve (AUROC). Model calibration was assessed using the Hosmer–Lemeshow goodness-of-fit test and by inspection of predicted versus observed probabilities. Stratified AUROC analyses were run for rural and urban subgroups to evaluate heterogeneity.
· Sensitivity analyses: Sensitivity checks were performed using an alternate BPCR threshold (≥4 of 5 indicators) and with community-cluster robust standard errors to account for intra-community correlation. A p-value < 0.05 (two-tailed) was regarded as statistically significant.
3. RESULTS
[bookmark: _Hlk212557424]The socio-demographic characteristics of the respondents showed that a total of 584 women of reproductive age participated, with equal distribution across rural 292 (50.0%) and urban 292 (50.0%) communities. The mean age of respondents was 28.7 ± 5.3 years. A higher proportion of urban respondents attained tertiary education,122 (41.8%) compared to rural respondents 50 (17.1%). Many urban women were in formal employment, 150 (51.3%), while 142 (48.6%) in rural communities were in informal employment. 
Table 2 is on antenatal care (ANC) attendance, source of care, and knowledge of danger signs. Overall, 476 (81.5%) of respondents reported attending at least one ANC visit during the current pregnancy. Attendance was significantly higher in urban areas at 266 (91.1%), compared to rural areas, 210 (71.9%) (p < 0.001). 253 (86.5%) of mothers in urban areas had ≥4 visits compared to 161 (55.2%) of mothers in rural areas. Most 239 (81.9%) women in rural areas had ANC in the PHCs, while mothers in the urban areas 152 (51.9%) used the General and Teaching Hospitals for ANC. Similarly, knowledge of at least 3 key obstetric danger signs was higher among urban women (195, 66.8% versus 102, 34.9%).
The five key BPCR indicators are shown in Table 3. While identifying a health facility, skilled attendants, and saving money were common in both groups, arranging transportation and identifying a potential blood donor were markedly lower in rural settings.
Table 4 is on the overall BPCR index by residence. Using the pre-specified BPCR definition (≥3 of 5 core JHPIEGO/WHO items), 300/584 (51.4%) of participants had adequate BPCR, and 284/584 (48.6%) had poor BPCR. Prevalence differed by place of residence: rural 92/292 (31.5%) and urban  208/392 (71.2%) (χ² = 109.6; p < 0.001). 

Higher education, formal employment, adequate ANC visits, urban residence, good knowledge of danger signs, and partner involvement were strong independent predictors of being well prepared for birth and complications (Table 5).

Table 6 shows the AUROC for the full model, which is 0.81 (95% CI 0.75–0.83), indicating excellent discrimination of the model in distinguishing women with and without adequate BPCR. 
[bookmark: _Hlk206532738]
Figure 1 shows the Receiver Operating Characteristic (ROC) curve for the multivariable logistic regression model predicting adequate BPCR. The model demonstrated excellent discriminatory ability with an AUROC of 0.81. This indicates excellent predictive accuracy in differentiating women likely to practice BPCR from those unlikely to do so.
[bookmark: _Hlk206494256]Table 1. Socio-Demographic Characteristics of Respondents (N= 584)
	Variable
	Rural (N=292)
	Urban (N=292)
	Total (N=584)
	χ² (df)
	 p-value

	Age group (years)
	
	
	
	
	

	15–24
	46 (15.8%)
	34 (11.6%)
	80 (13.7%)
	2.11  (1)
	   0.146

	25–34
	162 (55.5%)
	174 (59.6%)
	336 (57.5%)
	
	

	35+
	84 (28.7%)
	84 (28.8%)
	168 (28.8%)
	
	

	Education
	
	
	
	
	

	None/Primary
	112 (38.4%)
	54 (18.5%)
	166 (28.4%)
	26.73 (2)
	 <0.001*

	Secondary
	130 (44.5%)
	116 (39.7%)
	246 (42.1%)
	
	

	Tertiary
	50 (17.1%)
	122 (41.8%)
	172 (29.5%)
	
	

	Occupation
	
	
	
	
	

	Unemployed
	86 (29.5%)
	44 (15.1%)
	130 (22.3%)
	17.84  (2)
	<0.001*

	Informal (trader/artisan/fishing/farming)
	[bookmark: _Hlk206493541]142 (48.6%)
	98 (33.6%)
	240 (41.1%)
	
	

	Formal
	64 (21.9%)
	[bookmark: _Hlk206493465]150 (51.3%)
	214 (36.6%)
	
	

	Marital status
	
	
	
	
	

	Married
	268 (91.8%)
	280 (95.9%)
	548 (93.8%)
	4.62 (1)
	0.032*

	Single/Divorced
	24 (8.2%)
	12 (4.1%)
	36 (6.2%)
	
	


[bookmark: _Hlk206495337]*Statistically significant (p<0.05).
[bookmark: _Hlk206494087][bookmark: _Hlk206499773]Table 2. Antenatal Care (ANC) Attendance, Source of Care, and Knowledge of Danger Signs
	Variable
	Rural (N=292)
	Urban (N=292)
	Total (N=584)
	χ² (df)
	p-value

	ANC attendance in the last pregnancy
	
	
	
	
	

	Yes
	[bookmark: _Hlk206494661]210 (71.9%)
	[bookmark: _Hlk206494622]  266 (91.1%)
	[bookmark: _Hlk206494424]476 (81.5%)
	37.82 (1)
	<0.001*

	No
	82 (28.1%)
	   26 (8.9%)
	108 (18.5%)
	
	

	ANC visits (among attendees)
	
	
	
	
	

	<4 visits
	131 (44.8%)
	   39 (13.5%)
	 170 (29.1%)
	 45.67 (1)
	<0.001*

	[bookmark: _Hlk206494759]≥4 visits
	[bookmark: _Hlk206494884]161 (55.2%)
	[bookmark: _Hlk206494844]  253 (86.5%)
	  414 (70.9%)
	
	

	Usual ANC provider
	
	
	
	
	

	PHC centre
	[bookmark: _Hlk206495177]239 (81.9%)
	   103(35.3%)
	 342 (58.6%)
	84.56 (2)
	<0.001*

	General/Teaching hospital
	36 (12.4%)
	[bookmark: _Hlk206495249]   152 (51.9%)
	 188 (32.2%)
	
	

	Private clinic
	17 (5.7%)
	    37(12.8%)
	 54 (9.2%)
	
	

	[bookmark: _Hlk206502062]Knowledge of Danger Signs
Knowledge of ≥ 3 danger signs
	
102 (34.9%)
	
195 (66.8%)
	
297 (50.9%)
	
68.11 (1)

	
<0.001*


Knowledge of < 3 danger signs    190 (65.1%)   97   (33.2%)      287  (49.1%)
[bookmark: _Hlk206496111]
*Statistically significant (p<0.05).

[bookmark: _Hlk206495890]Table 3. Birth Preparedness and Complication Readiness (BPCR) Indicators
	Indicator
	Rural (N=292)
	Urban (N=292)
	Total (N=584)
	χ² (df)
	p-value

	[bookmark: _Hlk212568407]Identified a health facility for delivery
	186 (63.7%)
	268 (91.8%)
	454 (77.7%)
	65.49   (1)
	<0.001*

	Saved money for delivery
	124 (42.5%)
	242 (82.9%)
	366 (62.7%)
	111.9 (1)
	<0.001*

	Identified transport arrangement
	102 (34.9%)
	214 (73.3%)
	316 (54.1%)
	97.3 (1)
	<0.001*

	Identified a potential blood donor
	56 (19.2%)
	126 (43.2%)
	182 (31.2%)
	43.4 (1)
	<0.001*

	Identified a skilled birth attendant
	150 (51.4%)
	250 (85.6%)
	400 (68.5%)
	74.7 (1)
	<0.001*



[bookmark: _Hlk206497739]*Statistically significant (p<0.05).




[bookmark: _Hlk206496844]Table 4. Overall BPCR Index by Residence
	Category
	Rural (N=292)
	Urban (N=292)
	Total (N=584)
	χ² (df)
	p-value

	Good BPCR (≥3 components)
	[bookmark: _Hlk206496638]92 (31.5%)
	[bookmark: _Hlk206496709]208 (71.2%)
	300 (51.4%)
	[bookmark: _Hlk206496772]109.6 (1)
	<0.001*

	Poor BPCR (<3 components)
	200 (68.5%)
	84 (28.8%)
	[bookmark: _Hlk206496514]284 (48.6%)
	
	


[bookmark: _Hlk206498351]*Statistically significant (p<0.05).
[bookmark: _Hlk206497781]Table 5: Multivariate Logistic Regression of Factors Associated with Birth Preparedness and Complication Readiness (BPCR) among Women of Reproductive Age Group in Rivers State, Nigeria
	Variable
	Adjusted Odds Ratio (AOR)
	95% Confidence Interval (CI)
	p-value

	Maternal age ≥ 30 years
	      1.62
	1.12 – 2.35
	 0.011

	Secondary education & above
	      2.41
	1.65 – 3.51
	<0.001*

	[bookmark: _Hlk206498205]Formal employment
	      1.83
	1.22 – 2.74
	  0.004*

	≥ 4 ANC visits (WHO guideline)
	      3.12
	2.01 – 4.83
	<0.001*

	Urban residence
	      2.09
	1.41 – 3.09
	<0.001*

	Good knowledge of danger signs
	      2.75
	1.82 – 4.16
	<0.001*

	Partner involvement in BPCR
	      1.98
	1.30 – 3.02
	  0.002*


*Statistically significant (p<0.05).
Notes:
· Reference categories: maternal age < 30 years, no formal education/primary, unemployed/informal, < 4 ANC visits, rural residence, poor knowledge of danger signs, no partner involvement.
· Model adjusted for age, education, occupation, ANC attendance, and residence. Knowledge of danger signs and support of the partner.
· Hosmer-Lemeshow test p = 0.61 (good model fit).
· Nagelkerke R² = 0.36 showed moderate power for the logistic regression model.
· Variance inflation factors (VIF) < 2 for all covariates, indicating no multi-collinearity.
Table 6. AUROC values (predictors and models)
	Predictor / Model
	AUROC (95% CI)

	Education (tertiary versus others)
	0.72 (0.68–0.76)

	ANC attendance (≥4 versus <4)
	0.70 (0.66–0.74)

	Occupation (formal versus informal)
	0.67 (0.63–0.71)

	Multivariable model (residence + education + ANC + occupation + parity + age)
	0.81 (0.76–0.83)

	Multivariable model — rural stratum only
	0.75 (0.69–0.81)

	Multivariable model — urban stratum only
	0.82 (0.77–0.86)


 Sensitivity analyses
· Using a higher BPCR threshold (≥4 of 5 components) reduced the prevalence of “adequate BPCR” to rural 107/292=36.6% and urban 141/292= 48.3%, but the pattern of associations (education, ANC, occupation, residence) remained unchanged in direction and significance. 
· Models with community-cluster robust standard errors produced similar AOR estimates with marginally wider CIs.

[image: A graph of a curve
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Figure 1. Receiver Operating Characteristic (ROC) curve for BPCR Prediction Model 
 4. DISCUSSION
In this study, 56.2% of respondents met adequate BPCR criteria, with urban women at 69.5% having significantly higher preparation than rural women at 42.8%. Higher education, formal work, at least four ANC visits, living in an urban area, being aware of warning signs, and partner involvement were all independent predictors. The model reported excellent discriminatory ability (AUROC ≈ 0.81), indicating that routine variables can adequately discriminate who may be at risk.
The rural-urban discrepancy has been reported elsewhere in Nigerian studies and other sub-Saharan countries ( Fagbamigbe et al., 2015; Feyisa et al., 2024; Ibadin et al., 2017). Female residents of urban areas have better education and a steady income. So, they could prepare themselves financially and logistically for delivery. These are following the Three-Delays theory, where education and income are expected to shorten delays related to decision-making and receiving care (Imani et al., 2023; Ketema et al., 2020; Knight et al., 2013). Rural women are therefore less prepared for childbirth than their urban counterparts, especially in areas such as transport and the identification of blood donors, reflecting lingering infrastructural and resource constraints (Oduro et al., 2023).
One strong predictor of BPCR was the frequency of ANC visits. In line with its function as a platform for planning and counselling, women who attended four or more visits had significantly higher BPCR (Ganle et al., 2014; Jhpiego, 2004; Saaka & Alhassan, 2021). However, the benefit is limited as it depends on the quality of counselling, because poor or checklist-style counselling limits impact (Ononokpono et al., 2014). ANC counselling must be strengthened through partner engagement, addressing transport and funding problems, and culturally appropriate messaging. Programmes should also include male partner involvement, as family support is vital for sharing financial responsibilities and responding swiftly during emergencies (Galle et al., 2021; Iliyasu et al., 2010; Sitefane et al., 2020; Yargawa & Leonardi-Bee, 2015). 
[bookmark: _Hlk213779986]Occupation was another strong predictor. Those in formal employment were more likely to prepare for birth and its complications, following prior studies that link financial stability, social networks, and autonomy with health-seeking behaviour (Tekelab et al., 2019). Interventions such as community transport funds and savings plans could help to reduce the gap in BPCR for rural women working in informal occupations. By combining resources and fostering solidarity, these programs not only lessen financial instability but also increase community resilience.
AUROC results showed stronger predictive accuracy in urban settings (0.82) than in rural settings (0.75). This implies that urban preparedness is better explained by education and employment, while rural outcomes largely depend on contextual challenges, such as bad roads, seasonal transport, and community norms (Adewuyi et al., 2018; Obionu et al., 2022; Sarker et al., 2020). For programme design, this means rural-focused interventions must go beyond counselling to successfully address systemic issues. Investments in maternity waiting homes, rural ambulance networks, and better referral systems are necessary for equitable outcomes.
Comparison with other regions further strengthens these findings. In Ethiopia and Ghana, formal employment and multiple ANC visits were found to be significantly linked to BPCR adherence (Berhe et al., 2018; Ganle et al., 2014; Girma et al., 2021; Ketema et al., 2020; Oduro et al., 2023; Saaka & Alhassan, 2021). Similarly, in Kenya and Tanzania, BPCR counselling associated with ANC was found to improve health facility deliveries and early neonatal care (Alamrew et al., 2024; Bintabara et al., 2015). Experiences from South Asia also highlight the importance of women's education and partner involvement in expanding BPCR. Such consistencies emphasise BPCR's global significance while underlining the necessity for locally tailored mechanisms that consider ecological, cultural, and socio-economic contexts.
The implications of these findings for Rivers State are profound. Improving ANC as a service delivery platform, integration of risk-based screening, and addressing transport bottlenecks through community-based solutions would significantly lead to improved maternal outcomes. Policy alignment with Nigeria's reproductive health agenda ensures that such interventions are sustainable and scalable.
5. CONCLUSION
A clinical epidemiological assessment of BPCR in women in rural and urban areas of Rivers State was presented in this study. There are notable differences, with urban women being better prepared than their rural counterparts. ANC attendance, occupation, and education were important predictors. The results highlight the ongoing issues with maternal health in rural regions, where structural impediments make it harder for women to prepare for labour and its complications. 
It is essential to strengthen BPCR at the primary healthcare and community levels. In addition to ANC-based counselling, community-driven initiatives like emergency transport funds, women's savings cooperatives, and locally organised referral networks can increase women's options for preparation. Expanding formal and informal education programs will empower women, and integrating risk-stratification tools into health systems will help in identifying vulnerable women for ANC support.
These findings are more broadly applicable to LMICs where maternal mortality is still too high, such as Nigeria. Closing urban-rural gaps and advancing global progress towards SDG 3 can be achieved through customised BPCR interventions that integrate clinical, financial, and infrastructure approaches (Adetona et al., 2024; Adewuyi et al., 2018; Obionu et al., 2022; World Health Organisation, 2021). To achieve long-term decreases in maternal morbidity and mortality, a multi-sectoral strategy involving the government, civil society, and community structures will be necessary. Investments in health infrastructure, capacity-building initiatives, and international collaborations can all help to reinforce the evidence-to-action cycle.
6. LIMITATIONS OF THE STUDY
(a) Recall or desirability bias may be present in self-reported responses.
(b) The cross-sectional design restricts causal inference. 
(c) Seasonal transportation and travel time were not thoroughly examined as contextual factors. 
(d) Comparability may be affected by different definitions of an adequate BPCR. 

7. CONTRIBUTIONS TO KNOWLEDGE
(a) Offers empirical evidence of BPCR differences between rural and urban areas in Rivers State.
(b) Identifies occupation, ANC attendance, and education as strong predictors.
(c) Verifies the applicability of the Three-Delays Model in the context of the Niger Delta. 
(d) Adds to the body of knowledge about BPCR in the rural areas of Rivers State. 
(e) Provides useful methods for integrating predictive models into interventions related to maternal health.
8. RECOMMENDATIONS
1. The Rivers State Government should improve maternal health education by using traditional and religious leaders as advocates in culturally sensitive, community-driven campaigns. 
2. Government at the State and Local Level should increase access to skilled ANC and delivery services by increasing telemedicine and mobile health outreach, particularly in rural areas. 
3. [bookmark: _Hlk206600871]The government should train and retrain healthcare professionals on how to incorporate structured BPCR counselling, with a focus on problem-solving techniques and male partner involvement, into routine ANC. 
4. The government should establish strong accountability frameworks to guarantee the application and oversight of maternal health policies, such as the BHCPF. 
5. The government should encourage women to pursue education and income-generating opportunities to increase their independence and capacity for making decisions.
6. The government should establish transportation programs, microfinance projects, and community savings groups to reduce delays during obstetric emergencies. 
7. To increase adherence to BPCR plans, the State and Local Governments should incorporate technology-driven solutions like mobile payment platforms and SMS reminders.
9. FURTHER STUDIES 
(a) Longitudinal studies monitoring maternal outcomes during pregnancy and after delivery to prove a link between BPCR and outcomes. 
(b)  Intervention studies that assess community-based BPCR programs like transportation programs, savings groups, and the inclusion of male partners. 
(c) Research on the health system that looks at supply chain gaps, facility preparedness, and labour shortages that hinder efficient BPCR. 
(d) Qualitative studies on how household decision-making, gender, and culture influence BPCR adoption. 
(e) Regional comparative studies between West African nations and Nigerian states to pinpoint contextual variations and best practices. 
(f) Policy impact analyses of maternal health financing programs and BHCPF to gauge practical impacts on maternal outcomes and BPCR. 
(g) Assessment of digital innovations, like mHealth tools, to improve BPCR planning. 
(h) communication, and follow-up in environments with limited resources.
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Figure 1. ROC Curve for BPCR Prediction Model
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