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Abstract 
Objective: Maternal mortality remains a major public health challenge in Madagascar, with notable 
regional disparities. Antenatal care (ANC) plays a critical role in preventing maternal deaths, yet its 
coverage and quality vary significantly across regions. This study aims to assess the association between 
ANC quality and maternal mortality rate (MMR), focusing on regional disparities and exploring potential 
non-linear relationships. 
Materials and methods: We conducted a retrospective ecological study using publicly available data 
from Madagascar’s 22 regions. ANC indicators included blood pressure monitoring, blood and urine 
tests, iron supplementation, and antiparasitic treatment. Linear regression and Generalised Additive 
Models (GAM) were used to examine associations and non-linear patterns. Statistical analyses were 
performed using R version 4.2.2, with a significance threshold of 5%. 
Results: Considerable disparities were observed in ANC coverage across regions. Linear models 
revealed no significant association between ANC indicators and MMR (p > 0.05). However, GAM 
identified significant non-linear relationships for blood pressure monitoring (p < 0.0045) and blood 
testing (p < 0.0055), suggesting potential threshold effects. 
Conclusion: Addressing maternal mortality in Madagascar requires enhancing both access to and the 
quality of ANC. Accounting for regional disparities and non-linear trends is essential in developing 
effective public health interventions. 
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1Introduction 
Maternal mortality is a critical public health issue, 
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particularly in low-income countries (1, 2). 

According to recent World Health Organisation 

(WHO) figures, approximately 287,000 women died 

in 2020 from pregnancy or childbirth-related 

complications (2). This alarming figure underscores 
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the urgent need to improve access to quality antenatal 

care (ANC), which plays a key role in preventing 

most maternal deaths (3-5). 

Sub-Saharan Africa, where around 95% of global 

maternal deaths occur, faces considerable challenges 

in strengthening its health systems (6). The region is 

marked by some of the highest maternal mortality 

rates in the world, largely driven by limited access to 

healthcare infrastructure, inadequate ANC services, 

and complex socioeconomic factors (7). These 

barriers often interact to create a cycle of 

vulnerability for pregnant women. 

Madagascar is no exception, with an estimated 

maternal mortality rate of 408 deaths per 100,000 live 

births (8). The country struggles with significant 

disparities in access to healthcare, particularly in rural 

areas (9). ANC services, though essential, are often 

insufficient in terms of quality. In this context, 

quality ANC is defined as a set of recommended 

interventions delivered during antenatal visits, 

beyond routine obstetric evaluations. These include 

regular blood pressure monitoring, blood and urine 

testing, iron and folic acid supplementation, and the 

provision of antiparasitic medications. 

These essential services contribute to the 

comprehensive care of pregnant women and are 

crucial for detecting and managing potential 

complications. As recent studies suggest, ANC not 

only provides clinical screening, but also offers key 

health education opportunities to empower women 

and support better pregnancy outcomes (3, 4). 

This study investigates the relationship between 

the quality of ANC services and maternal mortality in 

Madagascar, with an emphasis on several key 

components of ANC. Each of these variables plays a 

crucial role in optimal pregnancy management and 

serves as a proxy indicator of ANC quality and its 

potential impact on maternal mortality. 

Consequently, this research seeks to address the 

following question: to what extent do proxy indicators 

of ANC quality influence the maternal mortality ratio 

in Madagascar? This guiding question underpins our 

analysis and aims to explore how predictive modelling 

of maternal deaths based on ANC quality could help 

reduce risks for pregnant women. 

Materials and methods 

This study aims to investigate the relationship between the 

quality of antenatal care (ANC) and the maternal mortality 

rate (MMR) in Madagascar, using a multivariate approach 

that allows for a better understanding of the interactions 

between several variables. 

Data Sources: This study draws on data from the 

Third General Population and Housing Census  

(RGPH-3, 2018) and the 2021 Demographic and Health 

Survey (DHS) conducted in Madagascar. To ensure 

cross-regional comparability, variable harmonisation 

was carried out, integrating the skilled birth attendance 

rate from the DHS with maternal mortality estimates 

from the RGPH-3. The World Health Organisation 

(WHO) standards were adopted for alignment. 

The maternal mortality ratio (MMR) was defined 

as the number of maternal deaths per 100,000 live 

births within a specific reference period, following 

WHO guidelines. Corrections and temporal 

adjustments were applied to standardise this indicator 

across sources. Similarly, skilled birth attendance was 

defined as deliveries attended by qualified health 

personnel within a health facility. 

The analysis was carried out at the level of the  

22 administrative regions, which provided a solid 

basis for assessing the association between skilled 

birth attendance and MMR. 

Population and sampling: The sampling design for 

2021 DHS was based on a stratified, two-stage cluster 

approach. In the first stage, RGPH-3 enumeration 

areas served as primary sampling units and were 

selected with a proportional probability proportional to 

size. Subsequently, households were systematically 

selected within each group, with an average of 34 

households per group. A total of 657 clusters were 

surveyed, covering 20,510 households in all regions. 

All women aged 15 to 49 years living in these 

households were interviewed using a structured 

individual questionnaire. Data on antenatal care 

(ANC) were collected from women who had a live 

birth within the five years preceding the survey. 

Sampling weights were applied to ensure 

representativeness at the regional level, and standard 

errors were calculated for each indicator using  

95% confidence intervals. 

The data was then structured to include (i) the 

proportion of women who received key antenatal 

interventions and (ii) the regional maternal mortality 

ratio, expressed per 100,000 live births. This structure 

ensured appropriate geographic coverage and external 

validity of the findings. Table 1 presents descriptive 

characteristics by region. 

Variables studied: The main dependent variable is 

the maternal mortality ratio (MMR), which represents 

the number of maternal deaths occurring during 

pregnancy or within 42 days after delivery. 
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Table 1: Coverage of Prenatal Consultations and Maternal Mortality Rate in Madagascar in 2021(Source: INSTAT (2021). EDS. RGPH-3) 

Region Percentage of women who had a live birth in  

the last 5 years and took the following during  

their most recent pregnancy 

N* Percentage of women who received prenatal care for  

their most recent live birth in the last 5 years and  

underwent certain examinations 

N** MMR 

Iron in the form of tablets 

or syrup % (95% CI) 

Medication for intestinal  

parasites % (95% CI) 

Blood pressure 

measurement % (95% CI) 

Urine sample 

collection % (95% CI) 

Blood sample 

collection % (95% CI) 

Analamanga 84.2 (81.8 - 86.4) 70.6 (67.4 - 73.7) 1 190 97.1 (95.9 - 98.0) 59.0 (55.3 - 62.7) 76.2 (73.2 - 78.9) 1 163 215 

Alaotra Mangoro  70.5 (64.6 - 75.6) 67.7 (61.7 - 73.2) 397 88.3 (84.1 - 91.6) 27.7 (19.4 - 38.2) 47.2 (39.1 - 54.9) 347 366 

Amoron i Mania  72.7 (66.2 - 78.8) 72.2 (65.4 - 78.1) 283 80.2 (73.9 - 85.2) 16.8 (6.8 - 30.7) 43.8 (34.4 - 53.4) 256 439 

Analanjirofo  90.4 (87.1 - 92.9) 78.3 (73.9 - 82.5) 479 89.6 (86.1 - 92.3) 56.7 (50.2 - 62.7) 60.6 (54.4 - 66.4) 447 336 

Androy  62.1 (55.7 - 68.2) 37.6 (29.6 - 45.6) 400 76.0 (70.4 - 81.2) 29.9 (21.2 - 39.9) 47.9 (40.2 - 56.2) 335 243 

Anosy  63.0 (56.0 - 69.6) 53.8 (46.3 - 61.4) 330 81.1 (75.2 - 86.2) 22.4 (12.7 - 35.8) 29.0 (18.5 - 40.1) 255 566 

Atsimo Andrefana  70.8 (66.9 - 74.6) 40.9 (35.5 - 46.4) 790 61.2 (56.2 - 66.0) 20.3 (14.0 - 28.6) 41.1 (35.3 - 47.5) 643 642 

Atsimo Atsinanana  66.8 (60.2 - 73.0) 66.9 (60.2 - 72.9) 334 83.3 (77.8 - 87.9) 10.5 (2.2 - 27.4) 31.5 (21.8 - 42.1) 272 503 

Atsinanana  81.3 (77.1 - 85.0) 71.3 (66.3 - 75.9) 493 78.9 (74.0 - 82.9) 31.8 (24.4 - 40.6) 48.9 (42.1 - 56.0) 430 471 

Betsiboka  64.0 (53.3 - 73.5) 53.1 (40.9 - 64.0) 147 80.6 (71.7 - 88.0) 31.7 (17.0 - 47.6) 42.0 (28.7 - 56.8) 123 405 

Boeny  81.6 (76.4 - 86.3) 72.9 (66.6 - 78.6) 309 87.5 (82.6 - 91.3) 52.8 (44.3 - 60.9) 62.0 (54.4 - 69.3) 281 290 

Bongolava  53.3 (44.9 - 62.0) 52.7 (44.2 - 61.4) 262 83.9 (78.2 - 88.7) 24.1 (13.6 - 36.6) 39.0 (28.8 - 49.0) 246 249 

Diana  87.6 (82.9 - 91.4) 74.6 (68.3 - 80.3) 285 96.1 (93.1 - 98.1) 71.4 (64.8 - 77.9) 77.6 (71.5 - 83.2) 272 229 

Haute Matsiatra  77.1 (72.7 - 81.3) 82.0 (77.9 - 85.6) 501 86.1 (82.3 - 89.2) 16.8 (9.8 - 27.2) 45.4 (38.7 - 52.3) 481 578 

Ihorombe  60.3 (50.3 - 69.5) 45.6 (34.1 - 56.5) 179 71.7 (61.4 - 80.1) 13.8 (3.4 - 39.6) 32.7 (20.0 - 48.9) 137 626 

Itasy  75.2 (69.0 - 81.0) 61.7 (54.3 - 69.1) 286 87.2 (82.5 - 91.2) 29.5 (19.5 - 39.9) 54.2 (45.7 - 62.1) 280 159 

Melaky  68.5 (55.9 - 79.8) 55.1 (41.3 - 69.5) 94 92.2 (82.7 - 96.9) 38.8 (22.7 - 59.4) 54.7 (39.9 - 70.8) 78 791 

Menabe  58.6 (50.9 - 66.0) 46.0 (37.4 - 54.7) 297 69.2 (60.8 - 76.4) 30.1 (19.2 - 43.0) 36.4 (26.1 - 48.7) 209 797 

Sava  79.4 (74.8 - 83.4) 68.1 (62.7 - 73.3) 457 88.8 (85.0 - 92.0) 41.1 (33.8 - 49.1) 42.2 (35.0 - 50.0) 419 308 

Sofia  76.1 (72.0 - 79.9) 60.3 (55.2 - 65.4) 616 88.4 (85.3 - 91.1) 37.2 (30.4 - 43.9) 46.8 (40.8 - 53.2) 559 339 

Vakinankaratra  69.5 (65.1 - 73.8) 64.3 (59.5 - 68.9) 653 82.8 (79.2 - 85.9) 30.7 (24.2 - 37.6) 37.3 (31.2 - 43.9) 630 200 

Vatovavy Fitovinany  74.4 (69.4 - 79.0) 80.1 (75.6 - 84.1) 452 71.9 (66.3 - 76.8) 16.9 (9.2 - 28.0) 21.1 (13.5 - 31.6) 415 928 
*Number of women who had a live birth in the last 5 years, **Number of women who received prenatal care for the most recent live birth 

MMR: Maternal Mortality Ratio 
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Independent variables relate to key ANC 

components, namely: (i) Regular blood pressure 

monitoring (Blood_Pressure) – essential for the 

detection and managing hypertensive disorders such 

as pre-eclampsia; (ii) Systematic blood testing 

(Blood) - allowing the early detection and 

management of infections or conditions such as 

anaemia; (iii) Urine testing (Urine) – facilitating the 

detection and treatment of proteinuria and urinary 

tract infections; (iv) Iron and folic acid 

supplementation (Iron) – contributing to the 

incidence among pregnant women; (v) 

Administration of antiparasitic medication (Meben) - 

aimed at minimising maternal health risks associated 

with parasitic infections. 

Statistical analysis: Statistical analyses were 

performed using R software (version 4.4.2). Several 

approaches were used to model the relationship 

between ANC quality and maternal mortality ratio, 

including multivariate regression techniques to assess 

the strength and direction of the associations. 

Multiple linear regression model: A multiple 

linear regression model, implemented via the lm 

package in R, was first used to simultaneously assess 

the combined impact of the components of antenatal 

care (ANC) on the maternal mortality rate (MMR), 

while controlling for potential confounders. The final 

model is specified as: 
 

MMR=β0+β1(BP)+β2(Blood)+β3(Urine)+β4(Iron)+ 

β5(Antiparasitic)+ε 
 

where β0 denotes the intercept, βi are the estimated 

coefficients for the explanatory variables and ε is the 

random error term. For each independent variable, a 

correlation coefficient, a 95% confidence interval (CI) 

and p-value were calculated. The validity was assessed 

by verifying standard assumptions of linear regression: 

normality of the residuals, homoscedasticity, and 

absence of multicollinearity. 

Generalised additive model 

To explore potential non-linear relationships, we 

subsequently fitted a generalised additive model 

(GAM) using the mgcv package in R. This approach 

allows for each predictor to be modelled via a 

smooth, nonparametric function, offering greater 

flexibility in capturing complex dynamics. The GAM 

is expressed as 
 

MMR=f1(BP)+f2(Blood)+f3(Urine)+f4(Iron)+ 

f5(Antiparasitic)+ε 
 

where fi are smooth functions estimated for each 

explanatory variable. Graphical outputs were 

generated to illustrate non-linear effects and to 

enhance interpretability. 

All analyses were performed using R software 

(version 4.4.2). A statistical significance threshold of 

p < 0.05 was adopted throughout, balancing the risks 

of Type I and Type II errors and ensuring robust and 

reproducible inferences. 

Ethical Considerations: This study relied 

exclusively on publicly available secondary data and 

did not require formal ethical approval. However, 

rigorous ethical principles were upheld, including 

scientific integrity, data confidentiality, and 

anonymity. Data were processed in a manner that 

excludes the identification of individual respondents. 

All findings are objectively presented and no data 

manipulation was carried out. Proper attribution has 

been ensured for all utilised data sources. 

Results 

Substantial regional disparities were observed in both 

iron supplementation and antiparasitic drug 

administration. Iron coverage ranged from 53.3% 

(95% CI: 44.9–62.0) in Bongolava to 90.4%  

(95% CI: 87.1–92.9) in Analanjirofo. For 

antiparasitic drugs, coverage ranged from 37.6% 

(95% CI: 29.6–45.6) in Androy to 82.0% (95%  

CI: 77.9-85.6) in Haute Matsiatra. Maternal mortality 

also showed substantial variation, from 249 deaths 

per 100,000 live births in Bongolava to 336 in 

Analanjirofo, and from 243 in the Androy to 578 in 

Haute Matsiatra. 

Other antenatal care (ANC) indicators showed 

similar heterogeneity. The coverage of blood pressure 

measurement ranged from 61.2% (95% CI 56.2–66.0) 

in Atsimo-Andrefana to 97.1% (95% CI 95.9-98.0) in 

Analamanga. Urine testing was performed in 10.5% 

(95% CI 2.2-27.4) of cases in Atsimo-Atsinanana, 

compared to 71.4% (95% CI 64.8–77.9) in Diana. 

Blood samples were collected in 21.1% (95%  

CI: 13.5–31.6) of cases in Vatovavy Fitovinany and 

77.6% (95% CI: 71.5–83.2) in Diana. Maternal 

mortality ratios (MMR) ranged from 642 in Atsimo-

Andrefana to 215 in Analamanga and 503, 229, and 

928 in Atsimo-Atsinanana, Diana, and Vatovavy 

Fitovinany, respectively. 

Figure 1 highlights the substantial regional 

disparities in the coverage of quality ANC in 

Madagascar. Table 2 presents the results of the linear 

regression models.  
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Figure 1: Regional disparity in quality antenatal care in Madagascar  

 

Initial multiple linear regression yielded an R-

squared value of 0.41 and an adjusted R-squared of 

0.22. None of the explanatory variables demonstrated 

statistically significant associations with MMR  

(p > 0.05). The analysis of the variance inflation 

factor (VIF) indicated substantial multicollinearity. 

The exclusion of the variable mebendazole slightly 

improved the fit of the model (R² = 0.39; adjusted R² 

= 0.24), but no predictor achieved statistical 

significance. Model comparison did not reveal a 

significant improvement (residual SS difference = 

22,025; F = 0.6088; p = 0.4466). After excluding 

mebendazole, the VIF decreased, with iron 

supplementation and blood pressure measurement 

showing VIFs < 2, while urine and blood sampling 

retained higher VIF (4.30 and 4.59, respectively). The 

Breusch–Pagan test revealed that there were no 

heteroskedasticity issues (p = 0.627). 

The final model, restricted to blood pressure, 

urine and blood sampling, resulted in an R² of  

0.37 and an adjusted R² of 0.26, with the intercept 

remaining statistically significant. Both the Breusch–

Pagan (p = 0.83) and Shapiro–Wilk (p = 0.12) tests 

confirmed homoscedasticity and normality of 

residuals, respectively. The introduction of 

interaction terms led to minor improvements, 

including reduced residual standard error and a higher 

adjusted R². However, the effects of the interaction, 

such as blood pressure × blood sampling (p = 0.069), 

approached, but did not reach statistical significance. 

The comparison confirmed no significant 

enhancement (p = 0.1817). 
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Table 2: Comparison of mean microbial load 
reduction (CFU/mL) in plasma-activated water 
treatments at different exposure times 

Variables Estimator SE T-

value 

P-

value 

Linear Model 1 

(Intercept) 1572.91 722.11 2.18 0.045 

Iron -3.05 10.87 -0.28 0.783 

Mebendazole 5.55 7.11 0.78 0.447 

Blood_pressure -13.37 8.76 -1.53 0.147 

Urine_test 1.66 5.72 0.29 0.776 

Blood_test -4.45 7.04 -0.63 0.536 

Global Parameters 

Residual Std. Error 190.20    

Multiple R² 0.41    

Adjusted R² 0.22    

F-statistic 2.21    

Degrees of freedom 5. 16    

P-value 0.104    

variance inflation 

factor (VIF) 

     

Iron 6.47    

Mebendazole 4.86    

Blood_pressure 3.47    

Urine_test 4.78    

Blood_test 5.63    

Linear Model 2 

(Intercept) 1190.84 524.60 2.27 0.036* 

Iron 4.06 5.86 0.69 0.498 

Blood_pressure -8.90 6.55 -1.36 0.192 

Urine_test 0.24 5.36 0.05 0.965 

Blood_test -6.80 6.29 -1.08 0.294 

Global Parameters 

Residual std error 188.00    

Multiple R² 0.39    

Adjusted R² 0.24    

F-statistic 2.67    

Degrees of freedom 4. 17    

P-value 0.068    

ANOVA: Model 1 vs Model 2 

Sum of squares diff. 22025.00    

F-statistic 0.61    

P-value 0.447    

VIF (Mebendazole removed) 

Iron 1.93    

Blood_pressure 1.99    

Urine_test 4.30    

Blood_test 4.59    

Final Linear Model 

(Intercept) 1379.65 441.56 3.13 0.005 

Blood_pressure -8.45 6.42 -1.32 0.205 

Blood_test -5.95 6.07 -0.98 0.340 

Urine_test 1.08 5.14 0.21 0.836 

Table 2: Comparison of mean microbial load 
reduction (CFU/mL) in plasma-activated water 
treatments at different exposure times (continue) 

Variables Estimator SE T-

value 

P-

value 

Global Parameters     

Residual std error 185.30    

Multiple R² 0.37    

Adjusted R² 0.26    

F-statistic 3.51    

Degrees of freedom 3.18    

P-value 0.037    

VIF     

Blood_pressure 1.97    

Blood_test 4.42    

Urine_test 4.08    

Model with Interactions 

(Intercept) 5490.87 2042.48 2.69 0.017 

Blood_pressure -61.62 28.92 -2.13 0.050 

Blood_test -120.40 58.44 -2.06 0.057 

Urine_test 36.71 64.74 0.57 0.579 

Blood_pressure: 

Blood_test 

1.47 0.75 1.96 0.069 

Blood_pressure: 

Urine_test 

-0.32 0.85 -0.37 0.713 

Blood_test: 

Urine_test 

-0.25 0.35 -0.72 0.480 

Global Parameters 

Residual std error 173.40    

Multiple R² 0.54    

Adjusted R² 0.35    

F-statistic 2.93    

Degrees of freedom 6. 15    

P-value 0.043    

ANOVA: Final vs Interaction Model 

Sum of squares diff. 166765.00    

F-statistic 1.85    

P-value 0.182    

Akaike Information Criterion (AIC) 

Final Model (df=5) 297.77    

Interaction Model 

(df=8) 

296.85    

VIF: Variance Inflation Factor: SE: Standard error 

 

Table 3 summarises the results from the generalised 

additive model (GAM). This model revealed marked 

nonlinear associations for blood pressure (p < 0.0045) 

and blood sampling (p < 0.0055), while urine testing 

showed a marginal effect (p = 0.0976). Adjusted R² for 

the GAM reached 0.883, indicating markedly superior 

explanatory power compared to linear models. The 

estimated degrees of freedom highlighted the 

complexity of the non-linear relationships.  
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Table 3: Generalised Additive Model 

Term Estimate Standard Error T-value P-value 

(Intercept) 440 15.76 27.92 <0.001 

Approximate significance of smooth terms 

Smooth Term Degrees of Freedom Degrees of Freedom Reference F-value P-value 

s(Blood_pressure) 9.00 9.00 10.47 0.005 

s(Blood_test) 1.00 1.00 17.89 0.006 

s(Urine_test) 4.86 5.66 3.12 0.098 

Global Indicators 

Metric Value    

Adjusted R² 0.88    

Explained Deviance 0.97    

Generalised Cross-Validation (GCV) 19.584    

Scale Estimate 5.462.8    

 

The generalised cross-validation (GCV) score was 

19,584, and the scale estimate was 5,462.8. Figure 2 

shows the crude relationship between MMR and each 

GAM variable by smoothing of the liss. Figure 3 

presents the smoothed GAM curves, illustrating the 

effect of each predictor on MMR, accounting for 

simultaneous covariates. 

 

Figure 2: Relationships between maternal mortality 
rate and antenatal care 

Discussion 

The results highlight marked regional disparities in 

the coverage of antenatal care (ANC) and maternal 

mortality (Table 1 & Figure 1), underscoring the 

heterogeneity in the quality of the services provided 

and their impact on maternal health in Madagascar. 

The primary objective of this study was to examine 

the relationship between ANC quality and maternal 

mortality. Linear analyses yielded inconclusive 

findings (Table 2), revealing substantial 

multicollinearity and weak associations. In contrast, 

the generalised additive model (GAM) (Table 3) 

identified significant nonlinear effects for certain 

variables, suggesting that a simple linear approach 

fails to capture underlying dynamics. This finding is 

consistent with previous research that has 

demonstrated the need for more flexible modelling 

approaches when examining the determinants of 

maternal mortality (10–13). 

 

Figure 3: Display of the generalized additive model 

 

Numerous studies from sub-Saharan Africa and 

other low and middle-income countries have 

documented the crucial role of adequate ANC 
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coverage in preventing obstetric complications and 

reducing maternal deaths (3, 4, 14-16). However, 

several studies have also indicated that increased 

coverage does not necessarily result in a proportional 

decrease in maternal mortality due to contextual 

factors such as actual quality of care, geographic or 

financial access, and socioeconomic inequalities  

(17-19). In the present study, the complexity observed 

for specific variables, notably blood pressure 

measurement and biological tests, may reflect regional 

differences in the organisation of the health system, 

the availability of human and material resources, or 

the levels of community awareness (20, 21). 

Identification of nonlinear effects in the GAM is 

consistent with findings from other African settings, 

where the relationship between maternal health 

indicators and ANC coverage appears to be modulated 

by contextual factors (22). Some studies suggest that 

beyond a certain coverage threshold, the marginal 

effect on reducing maternal mortality tends to diminish 

if service quality is not guaranteed (15, 23). On the 

contrary, in regions where baseline coverage is low, 

even modest improvements in ANC access can 

significantly reduce maternal deaths (24, 25). 

However, the multiplicity of socio-economic and 

cultural determinants can lead to non-linear effects, 

whereby factors such as rural service availability, 

poverty, or geographic isolation influence the 

relationship between ANC coverage and maternal 

mortality (26, 27). In our analysis, blood pressure 

monitoring and biological tests (blood and urine) 

showed complex effects on maternal mortality, 

suggesting that its impact varies according to access 

and quality and is not strictly linear. 

Theoretically, these findings support the 

perspective that improving coverage must be 

accompanied by improvements in care quality, better 

coordination between care components, and the 

reduction of socioeconomic inequalities (17, 28). The 

observed regional heterogeneity calls for 

differentiated public health policies tailored to local 

contexts, supported by targeted resource allocation, 

particularly in terms of health workforce training and 

equipment availability (20, 29). 

This study emphasises the importance of 

modelling approaches capable of capturing the 

complexity of relationships between ANC quality and 

maternal mortality. The use of GAMs, which 

revealed nonlinear patterns, could be extended to 

other contextual variables, such as distance from 

health facilities or household poverty indices (13, 22). 

From an operational point of view, an integrated 

strategy that combines increased coverage with 

continuous quality improvement appears essential for 

sustainable reductions in maternal mortality (14, 23). 

Furthermore, analysing interactions between various 

factors (access, availability, quality, socioeconomic 

determinants) is crucial to understanding the 

underlying mechanisms and guiding effective public 

health strategies (11, 24). 

In summary, our findings confirm that the 

relationship between ANC quality and maternal 

mortality in Madagascar, which reflects trends in 

many African countries—is not purely linear, but 

shaped by a complex system of determinants. 

Recognising this complexity is key to improving the 

effectiveness of health policies and guiding future 

research, both in terms of understanding key drivers 

and evaluating new interventions aimed at improving 

maternal survival. 

Although offering valuable information on the 

relationship between ANC quality and maternal 

mortality in Madagascar, this study presents certain 

limitations. The use of secondary data, although 

practical, may not fully capture the nuanced 

contextual elements that influence care quality on the 

ground. Furthermore, the focus on specific ANC 

variables can overlook other socio-economic and 

cultural factors that play a critical role in maternal 

health outcomes. The complexity of the statistical 

models, although suited to uncovering nonlinear 

relationships, may reduce the accessibility of the 

findings for nonspecialist audiences, potentially 

limiting their immediate policy relevance. Lastly, the 

absence of complementary qualitative analysis 

restricts a deeper understanding of the lived 

experiences of pregnant women, perspectives that 

could meaningfully inform the recommendations. 

Conclusion 

This study revealed notable disparities in the quality 

of antenatal care and its relationship with maternal 

mortality in Madagascar. The analyses uncovered 

complex relationships between care coverage and 

maternal death rates, suggesting that simply 

increasing services is not necessarily sufficient to 

reduce mortality. Linear models did not establish 

statistically significant relationships, while the 

generalised additive model (GAM) revealed marked 

nonlinear associations, particularly regarding blood 

pressure measurement and blood tests. 

These findings underscore the need for a 
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comprehensive approach that addresses the multiple 

dimensions that influence the quality and 

accessibility of care. The existing literature in the 

African context shows divergent results, with some 

studies confirming a strong link between the quality 

of ANC and reduced maternal mortality, while others 

emphasise the underlying structural and 

socioeconomic factors. 

One of the main implications of this study is the 
need to improve not only the accessibility of 
antenatal services but also their effectiveness in terms 
of early diagnosis and monitoring of complications. 

Integration of innovative technologies, such as AI-
assisted ultrasound, could help bridge gaps in 
pregnancy monitoring, particularly in rural areas. 
Additionally, continuous training for healthcare 
professionals and adaptation of public health 
strategies to the actual needs of communities remain 

essential levers to improve maternal health indicators 
in Madagascar. 

In conclusion, while improving coverage of 

antenatal care is a fundamental goal, it must be 

accompanied by optimising the quality of services, 

ensuring context-specific care, and better integrating 

technological and organisational innovations to 

guarantee a tangible impact on maternal mortality. 
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