



Modeling Regional Trends in Caesarean Births across Ghana's Former Ten Regions over a Decade




Abstract
This research employs empirical modeling and statistical analysis to investigate the temporal evolution of caesarian births in Ghana from 2008 to 2017. Building on a robust linear model enriched with an exponential component, the study explores the quasi-linear nature of caesarian birth frequency . The model, validated with a high correlation coefficient (R = 0.954208), captures temporal trends effectively. A strategic approach is employed to scrutinize deviations from quasi-linearity, revealing a spectrum of values. The relative deviation metric and a complementary metric enhance nuanced interpretation. Annual periodicity in the relative deviation unveils cultural influences on caesarian birth rates. Region-specific analysis extends insights into caesarian births across ten regions, considering cumulative births (Ni,tot) and relative birth rates (Ni,rel). Linear regression determines optimal parameters, and correlation coefficients reflect goodness of fit. Frequency rates per month per 100,000 inhabitants (αi) are calculated, offering insights into regional variations. Deviations from linearity are analyzed for each region, emphasizing unique regional dynamics.The study concludes by introducing a reduced frequency measure, indicating an increase in caesarian births per 100,000 inhabitants annually. A linear model predicts future trends, reinforced by a high correlation coefficient (R = 0.93655). This research provides comprehensive insights into caesarian birth dynamics in Ghana, contributing to healthcare planning, decision-making, and ongoing monitoring of maternal health trends.
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Caesarian births is regarded as one of the health interventions used as comprehensive emergency obstetric life-saving surgical approach employed when certain complications arise during pregnancy and labour (Betrán et al., 2016).  The advantages of Caesarean births extend not only to the well-being of the mother but also contribute positively to the child's health (Yaya et al., 2018). According to Bishop et al. (2018), a 7-day clinical trial suggested the reasons for performing a cesarean section (CS) can be broadly categorized into absolute and relative indications, which encompass conditions such as cephalopelvic disproportion, pelvic deformity, eclampsia, umbilical cord prolapse, imminent uterine rupture, placenta previa, and fetal distress.  Despite the great benefits of Caesarean births during child births, cesarean section births are linked with significant adverse outcomes, such as intraoperative and postoperative bleeding, alongside heightened risks of maternal mortality. This is particularly notable in regions such as sub-Saharan Africa (sSA), where obstetric complications are prevalent (Sobhy et al., 2019; Dikete et al., 2019). However, there has been an increasing, unwarranted trend towards elective cesarean sections as a substitute for natural vaginal deliveries in the last decades (Belizán et al., 2018). The World Health Organisation suggest the ideal population-based cesarean section rate should range between 0.1 and 0.15 (Gibbons et al., 2010). 
Disparities in cesarean section rates are evident in every country worldwide, but they are particularly pronounced in low- and middle-income countries, where rates can vary from as low as 3% to as high as 58% (Boerma et al., 2018; Wise, 2018). In a recent examination of cesarean section trends worldwide, conducted by Betran et al. (2016), a rise in cesarean rates was observed across most regions, except for sub-Saharan Africa (WHO, 2015). The rising frequency of caesarian births is a significant global health concern, necessitating comprehensive investigations to understand its patterns, implications, and potential healthcare planning requirements. In this context, our study focuses on the temporal evolution of caesarian births in Ghana from 2008 to 2017, aiming to unravel distinct patterns and contribute to informed maternal health policies. Ghana, like many other countries, has witnessed an increasing trend in caesarian births, prompting the need for a detailed examination of the underlying factors and temporal dynamics (Bosson-Amedenu et al., 2024). 
Empirical modelling frameworks similar to the one adopted in this study have been increasingly applied in population-level health analyses to characterise temporal patterns, quantify deviations, and generate forward-looking estimates. Recent applications include modelling cancer incidence and mortality trends in Egypt using GLOBOCAN estimates to project national cancer burdens (El-Kassas et al., 2025), and employing empirical population-standardised models to capture cancer incidence and mortality dynamics using 2020 age-standardised estimates (Acquah et al., 2024). These studies collectively demonstrate the suitability and flexibility of empirical modelling for health-trend assessment, supporting its use in the present investigation.
The urgency is underscored by the potential implications for healthcare planning and resource allocation. Understanding the evolving patterns of caesarian births is crucial for ensuring the provision of timely and adequate maternal healthcare services. While previous research has explored caesarian birth trends (Feng et al., 2015; Tadevosyan et al., 2019; Betran et al., 2021), our study introduces a novel approach by employing an empirical modeling framework that incorporates both linear and exponential components. This allows for a nuanced understanding of the temporal evolution, emphasizing the transient and permanent phases influencing caesarian birth frequencies. Furthermore, our research delves into regional variations, offering a unique perspective that acknowledges the diversity in caesarian birth patterns across different regions of Ghana. This regional lens aims to uncover specific factors contributing to the observed trends, addressing a critical gap in existing literature. Our research responds to the pressing need for a comprehensive examination of caesarian birth trends in Ghana, presenting a novel approach that bridges existing gaps and contributes valuable insights to the broader discourse on maternal healthcare planning and management.



This study sets out three precise aims: (1) to characterize the national temporal trajectory of caesarean births within a quasi-linear empirical framework; (2) to measure regional variation in CS trends using cumulative, relative, and population-standardised indicators; and (3) to examine departures from linearity to reveal periodic, structural, or region-specific patterns that could inform maternal-health planning. Collectively, these aims fill a notable gap in Ghana’s reproductive-health literature, where long-term empirical trend modelling across all ten former regions has not been comprehensively conducted.

Methodology
The methodology involves empirical modeling, statistical analysis, and graphical interpretation to understand the temporal evolution of caesarian births in Ghana, considering both the entire country and individual regions. The analysis employs Ghana’s former ten-region administrative structure because the dataset predates the 2019 regional re-demarcation. Using the historical structure ensures consistency across the full decade and avoids artefactual discontinuities in population denominators that would result from applying post-2019 boundaries retroactively. The study provides valuable insights for healthcare planning and decision-making. Linear regression played a crucial role in this research by providing a mathematical model to describe and analyze the temporal evolution of caesarian birth frequencies. Fourier analysis was employed to identify and analyze periodic variations in the relative deviation to linearity of caesarian births. The importance of Fourier analysis lies in uncovering cyclic patterns, particularly in time-series data. In the context of this research, Fourier analysis provided insights into the annual fluctuations in caesarian birth frequencies. Both methods collectively contributed to a robust analysis of the temporal evolution of caesarian births in Ghana. The dataset utilized in this research was sourced from the Ministry of Health of Ghana, encompassing a comprehensive record spanning a decade, from 2008 to 2017. The dataset specifically pertained to information on pregnant women and their childbirth experiences over this ten-year period. In addition to the Ministry of Health's dataset, a portion of the comprehensive data utilized in this research was sourced from Ghana's Population and Housing Census for the year 2010. The incorporation of census data provides a demographic context to the study, offering valuable insights into population characteristics and distribution during the specified period. This study utilised anonymised secondary data obtained from the Ghana Ministry of Health and the Ghana Statistical Service. No personal identifiers were accessed, and no direct contact with human participants occurred.
Data Pre-processing and Model Validation
Monthly CS records from 2008–2017 were screened for completeness, internal consistency, and digitisation errors. Implausible values, defined as observations exceeding ±3 standard deviations from region-specific monthly means, were cross-checked with the Ministry of Health before confirmation or removal. All regions with complete monthly observations across the decade were included; no imputation procedures were required. Model performance was evaluated using correlation coefficients, residual plots, and comparison between observed and fitted values. Periodicity detection in deviation series was validated via Fourier decomposition. For regional models, regression diagnostics included normality of residuals, homoscedasticity checks, and comparative inspection of deviations to linearity. 
All modelling procedures described above were applied to the national and regional datasets, and the resulting trend estimates, deviations, and frequency-rate parameters are presented below.



Results & Discussion
2. Empirical Modeling and Methodology

In our earlier study [A], we introduced a robust linear model enriched with an exponential component (Eq. 1) to elucidate the temporal evolution of the caesarian birth frequency, denoted as Nglob(t), spanning the months from 2008 to 2017. This investigation covered the entire country of Ghana, encompassing its 10 regions as illustrated in Fig. 1S. The proposed model takes the form of Eq. 1.
                                                                                      (1)
Alternatively, this can be expressed in a more concise form, as determined in our prior work [A].

                                        (2)
In our modeling framework, we assert that the linear term (Eq. 3) primarily represents the permanent phase, exerting a dominant influence. Simultaneously, the exponential term, characterized by a specific time constant (τ =8.546 months), portrays a transient phase occurring within a short timeframe [A].

                                                                                                               (3)
 
Or, succinctly, as determined in our earlier work [A]
                                                                         Nglob,lin(t) = 1769.24 + 66.0794·t                     (4)
This linear representation exhibits a high correlation coefficient (R = 0.954208), signifying the efficacy of the model in capturing the temporal trends. Figure 1 visually presents the temporal evolution of the caesarian birth frequency Nglob(t) for each month across Ghana from 2008 to 2017.



Figure 1. Variation of the frequency of caesarian births Nglob(t) over the time (t) recorded for each month from 2008 to 2017 for all over the Country of Ghana. (●): actual; (□): calculated with Eq. 1. Solid line: fitting in linear regression (Eq. 3). 

Upon careful examination of the results derived from Eq. 1 and Eq. 3, as depicted in Fig. 1, it becomes evident that these two models yield nearly identical outcomes. Remarkably, the exponential factor in Eq. 1 emerges as practically negligible. Consequently, the escalating phenomenon in caesarian birth frequency can be effectively and predominantly described by the quasi-linear nature of the phenomenon, exhibiting a remarkably accurate approximation. In light of this observation, our focus shifts towards scrutinizing potential deviations from this quasi-linearity. To unravel any nuances and irregularities, we employ a strategic approach: interpreting the temporal evolution of the difference (Eq. 5) between values determined by linear regression of the model (Eq. 3) and the actual (real) data, commonly referred to as the residual of fitting.
                                                                                 (5)


Fig. 2 provides a visual representation of this frequency gap ΔNglob(t) spanning 120 months, from January 2008 to December 2017. This differential analysis allows us to discern any deviations from the quasi-linear trend, providing deeper insights into the dynamics of caesarian birth frequency over the specified timeframe.






Figure 2. Variation of the deviation to the linearity ΔNglob(t) of the frequency of caesarian births over the time (t) recorded for each month from 2008 to 2017 for overall the Country of Ghana.

A rigorous statistical examination of the deviation from linearity, ΔNglob(t), reveals a spectrum of values within the range of -2068.6 to 1720.1, as illustrated in Fig. 2. The arithmetic average of this deviation is nearly zero, registering –3.11×10-3. This statistical outcome substantiates the high reliability of the linear model in effectively capturing the trends in caesarian birth frequency over the 120-month period from January 2008 to December 2017.

Despite the overall reliability, the asymmetrical distribution of values around zero implies that the growth phenomenon is not perfectly linear but rather quasi-linear. This deviation suggests the presence of underlying factors, potentially embedded in patient medical records, influencing the observed trend.

Furthermore, an intriguing observation emerges as the amplitude of alternating zigzags in Fig. 2 increases over time. This phenomenon is likely attributed to the absolute error values expanding with the frequency of caesarian births, Nglob(t). In response to this, we introduce a complementary metric, the relative deviation δNglob,rel(t) (Eq. 6), which aims to mitigate the impact of this escalation.
                                                                          (6)
This relative deviation metric provides a normalized perspective, expressing the deviation as a percentage of the actual caesarian birth frequency. The introduction of δNglob,rel(t) enhances our understanding and facilitates a more nuanced interpretation of the evolving trends, thus offering valuable insights into the dynamics of caesarian births over time. 


Fig. 3 unveils a captivating annual periodicity with a cycle length of one year (T=12 months), lending itself to an approximate description through a trigonometric (periodic) function, as represented by Eq. 7. 


Figure 3. Variation of the relative deviation to the linearity δNglob,rel(t)  of the frequency of caesarian births over the time (t) recorded for each month from 2008 to 2017 for overall the Country of Ghana.


Figure 3 depicts the dynamic variation in the relative deviation to linearity, δNglob,rel(t)  , observed in the caesarian birth frequency over the period from 2008 to 2017 for the entire country of Ghana.
This behavior is effectively approximated by a trigonometric function (Eq. 7).

                    (7)

Here, ω=360/T   represents the angular frequency, and the cosine argument is given in degrees (i.e., 30°per month).

The periodicity in the relative deviation is evident, with maxima occurring at times expressed by Eq. 8 and minima at times given by Eq. 9

tmax = 12k = kT          (8)

tmin = 12k + 6 = kT + 6          (9)

Here, t is in months, and k is an integer factor (where 1 < k < 9). Interestingly, this reveals a recurring pattern – each December experiences a positive deviation, while each June exhibits a negative deviation. This periodic fluctuation, albeit of a very slight amplitude, seems associated with the number of births each month, showcasing a subtle decrease in December and a minor increase in June. These fluctuations may be influenced by cultural practices, traditions related to marriage and pregnancy, intricately interwoven with the general trends in caesarian births or overall birth rates in the country. 

2. Caesarean births by Region
This set of ten figures and accompanying data in Table 1S provides a comprehensive overview of the frequency of caesarian births (Ni​(t)) recorded for each month across ten distinct regions in Ghana, spanning the years from 2008 to 2017. The figures capture the temporal dynamics of caesarian births in each region (i) without specific interpretation. Referencing the corresponding Table 1, the data offers a detailed breakdown of caesarian birth frequencies for individual regions, facilitating a holistic understanding of the trends over the specified period. This collection serves as a valuable resource for anyone seeking a visual representation of the caesarian birth patterns across the diverse regions of Ghana.




     
 



            




      



Figure 4. Frequency of caesarian births Ni(t) recorded for each month from 2008 to 2017 for three regions (Table 1) in Ghana. Brong-Ahafo (BA, i = 1); Central (CNT, i = 2); Eastern (EAST, i = 3); Greater Accra (ACC, i = 4); Northern (NTH, i = 5); Upper East (UE, i = 6); Upper West (UW, i = 7); Volta (VLT, i = 8); Western (WST, i = 9); Ashanti (ASH, i = 10).


The analysis of Fig. 1 provides insights into the temporal patterns of caesarian births in different regions of Ghana, highlighting potential trends, severity, and the need for further exploration of the underlying factors influencing these patterns. Fig. 1 Brong-Ahafo (BA) exhibits a distribution of points with a convex appearance, suggesting a potential slowdown in the frequency of caesarian births over time. There is a hint of a probable exponential increase at final times, indicating a divergence that might lead to a vertical asymptote or a tendency to infinity. The analysis implies that if this trend continues at the same pace, there could be high severity, but there is a possibility of a change and slowdown in the future, particularly for t > 120 months. Contrary to Brong-Ahafo, Fig. 1 for Upper West shows an increase in caesarian births with a concave appearance, suggesting an acceleration of the phenomenon over time. The trend implies a continuous rise in frequency, potentially leading to increased severity. The analysis does not indicate an apparent change or slowdown in the foreseeable future. Fig. 1 illustrates a strong dispersion of points around a probably quasi-linear increase for the Ashanti Region. The frequency of caesarian births increases over time, but the pattern is not as clearly defined as in the other regions. The analysis suggests a less predictable trend compared to BA and UW.

Despite the regional differences, the common point across all regions is the global increase in the frequency of caesarian births over time (t). Regions exhibiting convexity at final times (BA) may indicate a probable exponential increase, highlighting potential severity. It is suggested that this unnatural trend might lead to a change and a slowdown in the future (t > 120 months). Regions with similar trends in scatter points may indeed show a possible similar natural phenomenon over time. However, the specific nature of this phenomenon would require further investigation and analysis. 


The provided data in Table 1 presents information on ten regions in Ghana and their respective total caesarian births during the period 2008-2017. The regions, their percentage of the population, abbreviations, population medians (Pi), total caesarian births (Ni,tot), and relative caesarian birth rates (Ni,rel) are detailed in the table. The ten regions include Brong-Ahafo (BA), Central (CNT), Eastern (EAST), Greater Accra (ACC), Northern (NTH), Upper East (UE), Upper West (UW), Volta (VLT), Western (WST), and Ashanti (ASH). The percentage of population distribution varies across these regions, with Ashanti having the highest percentage at 19.4%, followed by Greater Accra at 16.3%. The population median (Pi) represents the mid-point population for each region during the period 2008-2017. These values range from 761,381 in Upper West to 5,275,283 in Ashanti. The total number of caesarian births (Ni,tot) for each region during the specified period is also provided. Ashanti records the highest total caesarian births at 108,270, while Upper West has the lowest at 12,687. The relative caesarian birth rates (Ni,rel) indicate the number of caesarian births per thousand population, offering a standardized comparison across regions. Greater Accra has the highest relative caesarian birth rate at 4.158, while Upper East has the lowest at 1.356. Understanding these patterns can be crucial for healthcare planning and resource allocation in the respective regions.

Table 1. List of the ten regions (Fig. 1S) in Ghana and the corresponding total caesarian births (Ni,tot).
	i
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Region
	Brong-Ahafo
	Central
	Eastern
	Greater Accra
	Northern
	Upper East
	Upper West
	Volta
	Western
	Ashanti

	% Pop
	9.4
	8.9
	10.7
	16.3
	10.1
	4.2
	2.8
	8.6
	9.6
	19.4

	Abbrev.
	BA
	CNT
	EAST
	ACC
	NTH
	UE
	UW
	VLT
	WST
	ASH

	(Pi)*
	2556065
	2420104
	2909563
	4432325
	2746410
	1142071
	761381
	2338528
	2610450
	5275283

	(Ni,tot)**
	74002
	66676
	76105
	184307
	37231
	17739
	12687
	49938
	65090
	108270

	(Ni,rel)
	2.895
	2.755
	2.616
	4.158
	1.356
	1.553
	1.666
	2.135
	2.493
	2.052


* Population-median in the period 2008-2017. [B,C] 
** Total caesarian births during the period 2008-2017 (Table 1S).


Two key metrics are employed to quantify caesarian birth frequencies for each region (i) in Ghana over the ten-year period from 2008 to 2017.

                   (10)
This metric represents the cumulative sum of caesarian births for each region (i) from the initial time (t =1) to the final time (tf = 120 months).

                   (11)
Here, Pi denotes the population of Region (i) between 2008 and 2017.
Additionally, to gauge significance and estimate severity, a comparison is made between the relative caesarian births (Ni,rel) of each region (i) and the overall country of Ghana (Ni,rel) throughout the ten-year period, expressed as:

                   (12)


Where tf represents the final time (tf = 120 months), Pi is the population of the Region (i) between 2008 and 2017 and (Ni,rel) is the relative caesarian births of the Region (i)  throughout the ten-year period.
We can also add certain significance or to estimate certain severity by comparison of the relative caesarian births (Ni,rel) of each Region (i) with the relative caesarian births of all over the Country of Ghana (Nrel) throughout the ten-year period which is expressed as follows.

                   (12)
Fig. 5 visually illustrates that Greater Accra exhibits the highest severity, while Northern shows the lowest relative caesarian birth rate among the regions. This comparison provides valuable insights into the regional variations and the overall caesarian birth landscape in Ghana.




Figure 5. Relative caesarian births (Ni,rel) of each Region (i) throughout the ten-year period recorded for each month from 2008 to 2017 for three regions (Table 1) in Ghana. Solid red line: relative caesarian births of all over the Country of Ghana (Nrel).


1. Analysis of deviation to the linearity
In a parallel approach to our prior investigations on the overall country, we recognize that the linear term (Ni(t) in Eq. 13) can serve as a representation of the dominant permanent phase, while any deviation from this linearity (ΔNi(t) in Eq. 14) indicates a distinctive behavior for each Region (i).

                      (13)

                                 (14)
An additional rationale for embracing the quasi-linear behavior (Eq. 13) is evident in the cumulative frequency plot, Cumi(t) (Eq. 15), for each region (i) spanning the entire decade from 2008 to 2017 (refer to Table 2S).

                                    (15)

Here, θ denotes time in months. The cumulative frequencies exhibit a parabolic appearance in Fig. 2S, reinforcing the quasi-linear trend. Notably, the dispersion and zigzags diminish, allowing for a fitting trend using the least square methods with only second polynomial order. However, the non-superimposable nature of these lines, coupled with irregularities in specific periods, emphasizes the distinctiveness of each Region.
Leveraging the data in Table 1S, a linear regression Eq. 13 is employed to ascertain the optimal parameters (Ai and Bi) for each Region (i), as presented in Table 2. Drawing inspiration from the population growth rate (Fig. 4S) [B,C], we calculate the frequency rate (αi ​) per month and per 100,000 inhabitants (Eq. 16). 
                                                                                                      
Table 2 provides a comprehensive overview of the variation in optimal values (Ai, Bi) for the linear regression equation (Eq. 13) and the corresponding correlation coefficients (R) across ten regions in Ghana. Additionally, parameters values (ti, αi) for Eq. 16 are included for each region. The table presents the optimal values of the coefficients (Ai, Bi) for the linear regression equation (Eq. 13) specific to each region. These coefficients are crucial in determining the relationship between the independent and dependent variables in the regression model. The correlation coefficients (R) are indicative of the strength and direction of the linear relationship between the variables. A value closer to 1 signifies a strong positive correlation, while values closer to -1 indicate a strong negative correlation. The obtained R values in Table 2 reflect the goodness of fit for the linear regression model in each region. The parameters values (ti, αi) for Eq. 16 provide additional insights into the specific characteristics of the regression model for each region. These parameters contribute to the overall understanding of the relationship between variables and help in interpreting the regression results.

Brong-Ahafo (BA), Eastern (EAST), and Northern (NTH) regions exhibit high correlation coefficients (0.95, 0.95, and 0.95, respectively), indicating a strong positive linear relationship between variables. Ashanti (ASH) region, on the other hand, shows a relatively lower correlation coefficient (0.78), suggesting a weaker linear relationship compared to other regions. The global regression model for Ghana yields an impressive correlation coefficient of 0.95, emphasizing the overall effectiveness of the linear regression in capturing the relationships within the dataset. Optimal values of (Ai, Bi) vary across regions, reflecting the unique characteristics and dynamics of each area. For instance, the Western (WST) region has higher values compared to Upper West (UW) or Volta (VLT). The analysis of Table 2 provides valuable insights into the regional variations in optimal values and correlation coefficients for linear regression models in Ghana. These findings contribute to a better understanding of the relationships between variables in different regions, aiding in informed decision-making and policy formulation. The global model's high correlation coefficient underscores its utility in capturing the overall trends in the dataset.

Table 2. Variation of the optimal values of (Ai,Bi,) for the linear regression of (Eq. 13) and the corresponding correlation coefficient (R). (ti, αi,) are parameters values of (Eq. 16).
	i
	Region
	Ai
	Bi
	R
	ti
	αi

	1
	BA
	7.10348
	186.923
	0.950041
	26.314
	0.27791

	2
	CNT
	4.70585
	270.930
	0.913451
	57.573
	0.19445

	3
	EAST
	8.97139
	91.4392
	0.954069
	10.192
	0.30834

	5
	ACC
	17.1712
	497.034
	0.911826
	28.946
	0.38741

	5
	NTH
	4.07323
	63.8279
	0.950291
	15.670
	0.14831

	6
	UE
	1.63990
	48.6109
	0.895838
	29.643
	0.14359

	7
	UW
	1.28523
	27.9685
	0.851336
	21.761
	0.16880

	8
	VLT
	4.91895
	118.553
	0.930058
	24.101
	0.21034

	9
	WST
	5.79103
	192.060
	0.919094
	33.165
	0.22184

	10
	ASH
	10.4192
	271.891
	0.777497
	26.095
	0.19751

	Global
	Ghana*
	66.0794
	1769.24
	0.954208
	26.774
	0.243


* from Eq. 4.

Upon initial examination of Table 2, a noteworthy observation emerges: a lower correlation coefficient (R) corresponds to a greater dispersion and deviation from linearity in the scatter points (Fig. 4). This correlation is particularly evident in the case of the Upper West (i=7) and Ashanti (i=10) regions, where a more pronounced dispersion is observed.  

 For a more tangible interpretation of the parameters in (Eq. 13), we find it beneficial to express it in a reduced form as follows:

                      (16)


Where 


Here, Pi signifies the population-median of Region (i) during the period 2008-2017 (refer to Table 1). The coefficient Bi in (Eq. 13) represents the theoretical value of caesarian births Ni(t=0) for Region (i) at zero time, i.e., for the month of December 2007. It can be extrapolated as the intercept to the ordinate in Fig. 4.

Breaking down the remaining parameters, Ai​ denotes the monthly increase in caesarian births, while αi represents the frequency rate per month and per 100,000 inhabitants. The latter serves as an excellent criterion for discussions and comparisons between regions or with the overall country, as depicted in Fig. 6. Additionally, ti​ represents a time, indicating, through its value and direction, the significance of the rate of increase in the frequency of caesarian births.




Figure 6. Frequency rate per month and per 100,000 inhabitants (αi) of each Region (i) throughout the ten-year period recorded for each month from 2008 to 2017 for three regions (Table 1) in Ghana. Solid red line: Frequency rate per month and per 100,000 inhabitants of all over the Country of Ghana (αglobal).


Comparing the frequency rate of caesarian births in the Greater Accra and Upper East regions with the overall rate for Ghana (αghana =0.243), Figure 6 indicates that the coefficient (αi) is highest for Greater Accra and lowest for Upper East (refer to Table 2). This discrepancy suggests potential regional variations that demand attention from authorities, prompting a closer examination of underlying causes. Examining the deviation from linearity (Eq. 14) in the frequency of caesarian births ΔNi(t) over the period from 2008 to 2017 for each region (i), Figure 3S provides insights into specific regional behaviors. Notably, periods with significant deviations from linearity should be investigated further to uncover potential influencing factors. Authorities should consider these variations to understand the unique dynamics in each region, prompting a thorough analysis of events or circumstances during those specific periods. Additionally, considering the relative deviation δNi,rel(t) expressed by Eq. 14 provides a deeper interpretation of the observed deviations in Fig. 3S.

                                           (17)

Figure 7 unveils unique and individualized patterns within each region. Notably, there are intriguing peculiarities observed during specific periods, suggesting the possibility of external events or influencing factors that warrant exploration.









    




   


 
Figure 7. Variation of the relative deviation to the linearity δNi,rel(t)  of the frequency of caesarian births over the time (t) recorded for each month from 2008 to 2017 for each region (Table 1) in Ghana. Brong-Ahafo (BA, i = 1); Central (CNT, i = 2); Eastern (EAST, i = 3); Greater Accra (ACC, i = 4); Northern (NTH, i = 5); Upper East (UE, i = 6); Upper West (UW, i = 7); Volta (VLT, i = 8); Western (WST, i = 9); Ashanti (ASH, i = 10).




Figure 8. Variation of the reduced frequency of caesarian births Nred(t) per 100,000 inhabitants over the time (t) recorded for each month from 2008 to 2017 for all over the Country of Ghana. (●): actual calculated with Eq. 18. Solid line: fitting in linear regression (Eq. 19). 

Equation 18 defines the reduced frequency of caesarian births, providing a normalized measure per 100,000 inhabitants, taking into account both the actual caesarian births and the population size. The reduced frequency offers a standardized metric, facilitating the comparison of caesarian birth rates across different periods and regions, accounting for population variations.
                   (18)
Equation 19 represents a linear model fitted to the observed data, capturing the overall trend in the reduced frequency of caesarian births over time.The positive coefficient (0.203824) indicates a steady increase in caesarian births per 100,000 inhabitants annually. The intercept (8.5611) represents the baseline reduced frequency. The linear model serves as a predictive tool, aiding in forecasting future trends based on time.

                   (19)
Correlation Coefficient (R = 0.93655) quantifies the strength and direction of the linear relationship between time and reduced frequency.A high correlation coefficient (close to 1) suggests a robust positive linear association. This reinforces the reliability of the linear regression model in capturing the observed pattern, providing confidence in its predictive capabilities.

4. Conclusion

This study demonstrates a sustained rise in caesarean births in Ghana between 2008 and 2017, both nationally and regionally, with marked heterogeneity across the former ten administrative regions. The quasi-linear empirical model effectively captured long-term temporal trends, while deviation and Fourier analyses revealed consistent annual periodicity and region-specific fluctuations. Population-standardised frequency-rate estimates further identified regions with disproportionately accelerated growth. These findings provide quantitative evidence to support maternal-health resource allocation, theatre capacity planning, and monitoring of obstetric service utilisation. Continued surveillance and complementary clinical-indication data are recommended to ensure that rising CS rates reflect medically justified care.Top of Form
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Figure 1S. Ghana is divided into 10 Administrative Regions sub divided into a total of 216 Districts. From link: https://mymaps3.blogspot.com/2021/09/ghana-map-regions.html


Table 1S. Data for frequency of caesarian births Ni(t) recorded for each month from 2008 to 2017 for each Ghana Region (Table 1).
	month
(t)
	year
	month #
	date
	Ceas BA
	Ceas CNT
	Ceas EAST
	Ceas ACC
	Ceas NTH
	Ceas UE
	Ceas UW
	Cean VLT
	Ceas WST
	Ceas ASH

	0
	200700
	12
	-
	
	
	
	
	
	
	
	
	
	

	1
	200800
	1
	08-janv
	184
	292
	101
	760
	160
	27
	64
	94
	109
	331

	2
	200800
	2
	08-févr
	131
	260
	77
	691
	45
	36
	47
	100
	103
	310

	3
	200800
	3
	08-mars
	133
	282
	93
	855
	89
	42
	63
	121
	104
	363

	4
	200800
	4
	08-avr
	166
	297
	111
	1014
	76
	69
	77
	129
	116
	390

	5
	200800
	5
	08-mai
	156
	349
	127
	1120
	65
	100
	71
	82
	122
	378

	6
	200800
	6
	08-juin
	144
	227
	94
	582
	75
	53
	76
	114
	105
	356

	7
	200800
	7
	08-juil
	126
	307
	97
	684
	38
	70
	65
	101
	92
	369

	8
	200800
	8
	08-août
	128
	307
	131
	680
	41
	53
	48
	126
	99
	344

	9
	200800
	9
	08-sept
	153
	336
	127
	935
	47
	50
	73
	101
	111
	394

	10
	200800
	10
	08-oct
	207
	365
	90
	1027
	37
	77
	63
	148
	124
	434

	11
	200800
	11
	08-nov
	220
	344
	113
	557
	147
	73
	55
	143
	113
	405

	12
	200800
	12
	08-déc
	167
	308
	114
	476
	50
	59
	41
	142
	68
	440

	13
	200900
	1
	09-janv
	295
	396
	211
	529
	126
	90
	49
	213
	367
	494

	14
	200900
	2
	09-févr
	299
	363
	157
	499
	157
	55
	54
	181
	332
	445

	15
	200900
	3
	09-mars
	307
	422
	187
	717
	176
	56
	62
	226
	382
	514

	16
	200900
	4
	09-avr
	350
	441
	218
	657
	151
	58
	52
	215
	433
	515

	17
	200900
	5
	09-mai
	361
	489
	208
	759
	177
	88
	72
	262
	408
	624

	18
	200900
	6
	09-juin
	361
	384
	218
	585
	171
	68
	55
	213
	404
	622

	19
	200900
	7
	09-juil
	366
	350
	162
	686
	192
	67
	67
	128
	353
	610

	20
	200900
	8
	09-août
	359
	296
	134
	616
	123
	100
	44
	106
	322
	537

	21
	200900
	9
	09-sept
	372
	368
	131
	580
	172
	65
	61
	133
	323
	532

	22
	200900
	10
	09-oct
	433
	293
	105
	628
	191
	78
	71
	131
	342
	592

	23
	200900
	11
	09-nov
	331
	421
	153
	605
	186
	89
	67
	117
	340
	619

	24
	200900
	12
	09-déc
	324
	362
	168
	544
	103
	77
	48
	124
	344
	563

	25
	201000
	1
	10-janv
	326
	378
	376
	700
	150
	96
	53
	202
	317
	570

	26
	201000
	2
	10-févr
	328
	344
	301
	677
	157
	83
	54
	199
	348
	439

	27
	201000
	3
	10-mars
	368
	424
	322
	707
	185
	104
	48
	255
	329
	521

	28
	201000
	4
	10-avr
	375
	445
	347
	955
	182
	82
	37
	290
	426
	572

	29
	201000
	5
	10-mai
	347
	483
	391
	1095
	239
	103
	62
	297
	372
	614

	30
	201000
	6
	10-juin
	408
	482
	302
	804
	212
	115
	67
	326
	395
	626

	31
	201000
	7
	10-juil
	394
	485
	286
	946
	204
	112
	48
	290
	406
	608

	32
	201000
	8
	10-août
	414
	440
	391
	785
	232
	107
	61
	260
	339
	602

	33
	201000
	9
	10-sept
	475
	393
	406
	808
	207
	125
	87
	238
	404
	568

	34
	201000
	10
	10-oct
	358
	457
	435
	705
	226
	117
	99
	223
	398
	548

	35
	201000
	11
	10-nov
	366
	385
	409
	655
	198
	114
	56
	244
	386
	594

	36
	201000
	12
	10-déc
	279
	340
	357
	598
	216
	97
	59
	267
	304
	555

	37
	201100
	1
	11-janv
	443
	379
	382
	1082
	212
	92
	55
	324
	371
	597

	38
	201100
	2
	11-févr
	405
	414
	435
	960
	182
	118
	60
	324
	448
	573

	39
	201100
	3
	11-mars
	521
	478
	582
	1299
	229
	108
	80
	396
	507
	774

	40
	201100
	4
	11-avr
	544
	472
	587
	1370
	182
	132
	105
	463
	508
	881

	41
	201100
	5
	11-mai
	498
	547
	569
	1419
	265
	133
	99
	510
	546
	845

	42
	201100
	6
	11-juin
	626
	492
	616
	1463
	243
	136
	82
	405
	494
	832

	43
	201100
	7
	11-juil
	400
	442
	566
	1142
	247
	86
	70
	369
	459
	736

	44
	201100
	8
	11-août
	498
	390
	535
	1193
	197
	120
	56
	387
	485
	698

	45
	201100
	9
	11-sept
	510
	385
	610
	1158
	239
	140
	85
	404
	446
	769

	46
	201100
	10
	11-oct
	507
	477
	541
	952
	262
	122
	86
	421
	462
	940

	47
	201100
	11
	11-nov
	566
	457
	513
	1256
	217
	101
	50
	410
	494
	768

	48
	201100
	12
	11-déc
	419
	364
	356
	1037
	213
	115
	55
	351
	476
	618

	49
	201200
	1
	12-janv
	545
	465
	632
	1663
	246
	146
	73
	412
	444
	785

	50
	201200
	2
	12-févr
	500
	445
	552
	1296
	249
	138
	55
	329
	450
	735

	51
	201200
	3
	12-mars
	701
	512
	745
	1533
	294
	135
	80
	395
	547
	924

	52
	201200
	4
	12-avr
	593
	572
	674
	1636
	290
	122
	93
	479
	571
	901

	53
	201200
	5
	12-mai
	721
	556
	793
	2031
	316
	105
	116
	559
	690
	991

	54
	201200
	6
	12-juin
	605
	561
	717
	1624
	297
	128
	80
	476
	562
	943

	55
	201200
	7
	12-juil
	568
	417
	686
	1607
	327
	115
	75
	433
	553
	879

	56
	201200
	8
	12-août
	574
	528
	664
	1579
	295
	143
	60
	489
	509
	761

	57
	201200
	9
	12-sept
	697
	484
	680
	1618
	310
	128
	91
	417
	469
	1000

	58
	201200
	10
	12-oct
	797
	569
	814
	1284
	333
	86
	78
	461
	577
	1147

	59
	201200
	11
	12-nov
	792
	517
	692
	1667
	300
	108
	80
	434
	619
	940

	60
	201200
	12
	12-déc
	577
	422
	678
	1494
	266
	53
	83
	366
	490
	921

	61
	201300
	1
	13-janv
	750
	536
	687
	1595
	292
	147
	69
	381
	545
	545

	62
	201300
	2
	13-févr
	687
	492
	646
	1458
	260
	140
	67
	376
	486
	500

	63
	201300
	3
	13-mars
	709
	567
	782
	1843
	309
	174
	83
	448
	599
	701

	64
	201300
	4
	13-avr
	665
	652
	743
	1991
	319
	169
	107
	517
	710
	593

	65
	201300
	5
	13-mai
	730
	748
	836
	2041
	379
	198
	118
	542
	747
	721

	66
	201300
	6
	13-juin
	681
	572
	740
	1878
	355
	155
	96
	514
	620
	605

	67
	201300
	7
	13-juil
	720
	581
	705
	1808
	352
	174
	85
	460
	623
	568

	68
	201300
	8
	13-août
	635
	572
	737
	1660
	304
	173
	113
	472
	563
	574

	69
	201300
	9
	13-sept
	702
	556
	722
	1575
	312
	170
	118
	413
	563
	697

	70
	201300
	10
	13-oct
	805
	667
	740
	1803
	375
	217
	131
	456
	639
	797

	71
	201300
	11
	13-nov
	684
	534
	770
	1528
	353
	190
	95
	431
	608
	792

	72
	201300
	12
	13-déc
	653
	482
	743
	1119
	303
	107
	88
	383
	566
	577

	73
	201400
	1
	14-janv
	740
	623
	754
	1773
	359
	137
	74
	459
	618
	1267

	74
	201400
	2
	14-févr
	655
	629
	710
	1653
	338
	124
	108
	427
	586
	1272

	75
	201400
	3
	14-mars
	794
	714
	892
	2059
	454
	164
	112
	526
	696
	1645

	76
	201400
	4
	14-avr
	895
	711
	910
	2254
	412
	179
	119
	563
	789
	1707

	77
	201400
	5
	14-mai
	891
	735
	1006
	2390
	470
	223
	141
	594
	742
	1734

	78
	201400
	6
	14-juin
	832
	733
	840
	2200
	414
	195
	129
	547
	709
	1538

	79
	201400
	7
	14-juil
	790
	611
	772
	2084
	373
	180
	127
	542
	669
	1125

	80
	201400
	8
	14-août
	801
	523
	841
	2134
	400
	176
	143
	480
	576
	1159

	81
	201400
	9
	14-sept
	812
	605
	761
	1974
	347
	240
	130
	490
	638
	1203

	82
	201400
	10
	14-oct
	822
	636
	843
	1931
	429
	246
	148
	507
	706
	1353

	83
	201400
	11
	14-nov
	777
	591
	827
	1942
	395
	223
	130
	492
	627
	1230

	84
	201400
	12
	14-déc
	799
	589
	824
	1722
	330
	226
	93
	471
	681
	1120

	85
	201500
	1
	15-janv
	749
	630
	775
	1821
	366
	189
	135
	538
	639
	693

	86
	201500
	2
	15-févr
	726
	513
	720
	1782
	361
	168
	113
	458
	551
	340

	87
	201500
	3
	15-mars
	771
	653
	899
	2076
	416
	199
	122
	502
	733
	623

	88
	201500
	4
	15-avr
	845
	630
	947
	2423
	378
	208
	115
	583
	790
	673

	89
	201500
	5
	15-mai
	877
	694
	957
	2578
	484
	246
	144
	623
	847
	682

	90
	201500
	6
	15-juin
	835
	777
	979
	2440
	447
	234
	124
	548
	772
	798

	91
	201500
	7
	15-juil
	861
	709
	929
	2319
	414
	268
	104
	610
	774
	623

	92
	201500
	8
	15-août
	831
	704
	824
	1784
	356
	233
	121
	480
	711
	561

	93
	201500
	9
	15-sept
	857
	663
	888
	2088
	386
	245
	172
	561
	711
	431

	94
	201500
	10
	15-oct
	1020
	794
	957
	2297
	477
	237
	216
	665
	855
	607

	95
	201500
	11
	15-nov
	835
	711
	881
	2020
	388
	221
	143
	571
	705
	606

	96
	201500
	12
	15-déc
	816
	679
	811
	2003
	371
	211
	64
	512
	681
	676

	97
	201600
	1
	16-janv
	780
	661
	688
	1848
	394
	165
	146
	514
	641
	1474

	98
	201600
	2
	16-févr
	773
	652
	790
	1838
	381
	160
	145
	467
	607
	1346

	99
	201600
	3
	16-mars
	841
	709
	909
	2421
	475
	193
	176
	656
	765
	1603

	100
	201600
	4
	16-avr
	863
	753
	1005
	2530
	453
	190
	189
	676
	856
	1593

	101
	201600
	5
	16-mai
	904
	868
	1089
	2595
	523
	237
	211
	713
	923
	1721

	102
	201600
	6
	16-juin
	881
	885
	1044
	2608
	459
	229
	198
	677
	857
	1640

	103
	201600
	7
	16-juil
	831
	766
	960
	2241
	461
	185
	157
	568
	805
	1104

	104
	201600
	8
	16-août
	923
	800
	939
	2088
	551
	164
	153
	558
	685
	1273

	105
	201600
	9
	16-sept
	1039
	825
	1032
	2270
	539
	258
	238
	636
	757
	1267

	106
	201600
	10
	16-oct
	993
	935
	1057
	2443
	583
	228
	226
	624
	860
	1669

	107
	201600
	11
	16-nov
	906
	769
	966
	2210
	494
	237
	163
	557
	784
	1689

	108
	201600
	12
	16-déc
	805
	723
	822
	1924
	384
	196
	148
	518
	633
	1467

	109
	201700
	1
	17-janv
	777
	698
	884
	1876
	387
	146
	146
	506
	653
	1481

	110
	201700
	2
	17-févr
	739
	578
	873
	1860
	418
	163
	131
	504
	615
	1464

	111
	201700
	3
	17-mars
	959
	814
	1199
	2524
	541
	204
	192
	676
	870
	1726

	112
	201700
	4
	17-avr
	904
	968
	1242
	2661
	600
	198
	183
	783
	921
	2117

	113
	201700
	5
	17-mai
	1130
	1054
	1295
	2762
	658
	227
	216
	810
	1015
	2100

	114
	201700
	6
	17-juin
	1001
	862
	1152
	2523
	635
	240
	160
	734
	845
	1800

	115
	201700
	7
	17-juil
	798
	850
	984
	2199
	514
	213
	178
	654
	751
	1586

	116
	201700
	8
	17-août
	872
	775
	1008
	2100
	549
	229
	192
	668
	700
	1698

	117
	201700
	9
	17-sept
	944
	746
	1036
	2135
	598
	234
	223
	716
	775
	1701

	118
	201700
	10
	17-oct
	1078
	925
	1194
	2421
	590
	269
	284
	726
	841
	1841

	119
	201700
	11
	17-nov
	1125
	825
	1164
	2437
	607
	260
	209
	670
	843
	1843

	120
	201700
	12
	17-déc
	966
	759
	1106
	2163
	545
	263
	203
	630
	796
	1775








          





        
Figure 2S. Cumulative frequency of caesarian births Cumglob(t) recorded for each month from 2008 to 2017 for each region (Table 1) in Ghana. Brong-Ahafo (BA, i = 1); Central (CNT, i = 2); Eastern (EAST, i = 3); Greater Accra (ACC, i = 4); Northern (NTH, i = 5); Upper East (UE, i = 6); Upper West (UW, i = 7); Volta (VLT, i = 8); Western (WST, i = 9); Ashanti (ASH, i = 10).

Table 2S. Data for cumulative frequency of caesarian births Cumi(t) recorded for each month from 2008 to 2017 (Table 1S, Eq. 15) for each Ghana Region (Table 1).

	month
(t)
	year
	month #
	date
	Cum BA
	Cum CNT
	Cum EAST
	Cum ACC
	Cum NTH
	Cum UE
	Cum UW
	Cum VLT
	Cum WST
	Cum ASH

	0
	200700
	12
	-
	
	
	
	
	
	
	
	
	
	

	1
	200800
	1
	08-janv
	184
	292
	101
	760
	160
	27
	64
	94
	109
	331

	2
	200800
	2
	08-févr
	315
	552
	178
	1451
	205
	63
	111
	194
	212
	641

	3
	200800
	3
	08-mars
	448
	834
	271
	2306
	294
	105
	174
	315
	316
	1004

	4
	200800
	4
	08-avr
	614
	1131
	382
	3320
	370
	174
	251
	444
	432
	1394

	5
	200800
	5
	08-mai
	770
	1480
	509
	4440
	435
	274
	322
	526
	554
	1772

	6
	200800
	6
	08-juin
	914
	1707
	603
	5022
	510
	327
	398
	640
	659
	2128

	7
	200800
	7
	08-juil
	1040
	2014
	700
	5706
	548
	397
	463
	741
	751
	2497

	8
	200800
	8
	08-août
	1168
	2321
	831
	6386
	589
	450
	511
	867
	850
	2841

	9
	200800
	9
	08-sept
	1321
	2657
	958
	7321
	636
	500
	584
	968
	961
	3235

	10
	200800
	10
	08-oct
	1528
	3022
	1048
	8348
	673
	577
	647
	1116
	1085
	3669

	11
	200800
	11
	08-nov
	1748
	3366
	1161
	8905
	820
	650
	702
	1259
	1198
	4074

	12
	200800
	12
	08-déc
	1915
	3674
	1275
	9381
	870
	709
	743
	1401
	1266
	4514

	13
	200900
	1
	09-janv
	2210
	4070
	1486
	9910
	996
	799
	792
	1614
	1633
	5008

	14
	200900
	2
	09-févr
	2509
	4433
	1643
	10409
	1153
	854
	846
	1795
	1965
	5453

	15
	200900
	3
	09-mars
	2816
	4855
	1830
	11126
	1329
	910
	908
	2021
	2347
	5967

	16
	200900
	4
	09-avr
	3166
	5296
	2048
	11783
	1480
	968
	960
	2236
	2780
	6482

	17
	200900
	5
	09-mai
	3527
	5785
	2256
	12542
	1657
	1056
	1032
	2498
	3188
	7106

	18
	200900
	6
	09-juin
	3888
	6169
	2474
	13127
	1828
	1124
	1087
	2711
	3592
	7728

	19
	200900
	7
	09-juil
	4254
	6519
	2636
	13813
	2020
	1191
	1154
	2839
	3945
	8338

	20
	200900
	8
	09-août
	4613
	6815
	2770
	14429
	2143
	1291
	1198
	2945
	4267
	8875

	21
	200900
	9
	09-sept
	4985
	7183
	2901
	15009
	2315
	1356
	1259
	3078
	4590
	9407

	22
	200900
	10
	09-oct
	5418
	7476
	3006
	15637
	2506
	1434
	1330
	3209
	4932
	9999

	23
	200900
	11
	09-nov
	5749
	7897
	3159
	16242
	2692
	1523
	1397
	3326
	5272
	10618

	24
	200900
	12
	09-déc
	6073
	8259
	3327
	16786
	2795
	1600
	1445
	3450
	5616
	11181

	25
	201000
	1
	10-janv
	6399
	8637
	3703
	17486
	2945
	1696
	1498
	3652
	5933
	11751

	26
	201000
	2
	10-févr
	6727
	8981
	4004
	18163
	3102
	1779
	1552
	3851
	6281
	12190

	27
	201000
	3
	10-mars
	7095
	9405
	4326
	18870
	3287
	1883
	1600
	4106
	6610
	12711

	28
	201000
	4
	10-avr
	7470
	9850
	4673
	19825
	3469
	1965
	1637
	4396
	7036
	13283

	29
	201000
	5
	10-mai
	7817
	10333
	5064
	20920
	3708
	2068
	1699
	4693
	7408
	13897

	30
	201000
	6
	10-juin
	8225
	10815
	5366
	21724
	3920
	2183
	1766
	5019
	7803
	14523

	31
	201000
	7
	10-juil
	8619
	11300
	5652
	22670
	4124
	2295
	1814
	5309
	8209
	15131

	32
	201000
	8
	10-août
	9033
	11740
	6043
	23455
	4356
	2402
	1875
	5569
	8548
	15733

	33
	201000
	9
	10-sept
	9508
	12133
	6449
	24263
	4563
	2527
	1962
	5807
	8952
	16301

	34
	201000
	10
	10-oct
	9866
	12590
	6884
	24968
	4789
	2644
	2061
	6030
	9350
	16849

	35
	201000
	11
	10-nov
	10232
	12975
	7293
	25623
	4987
	2758
	2117
	6274
	9736
	17443

	36
	201000
	12
	10-déc
	10511
	13315
	7650
	26221
	5203
	2855
	2176
	6541
	10040
	17998

	37
	201100
	1
	11-janv
	10954
	13694
	8032
	27303
	5415
	2947
	2231
	6865
	10411
	18595

	38
	201100
	2
	11-févr
	11359
	14108
	8467
	28263
	5597
	3065
	2291
	7189
	10859
	19168

	39
	201100
	3
	11-mars
	11880
	14586
	9049
	29562
	5826
	3173
	2371
	7585
	11366
	19942

	40
	201100
	4
	11-avr
	12424
	15058
	9636
	30932
	6008
	3305
	2476
	8048
	11874
	20823

	41
	201100
	5
	11-mai
	12922
	15605
	10205
	32351
	6273
	3438
	2575
	8558
	12420
	21668

	42
	201100
	6
	11-juin
	13548
	16097
	10821
	33814
	6516
	3574
	2657
	8963
	12914
	22500

	43
	201100
	7
	11-juil
	13948
	16539
	11387
	34956
	6763
	3660
	2727
	9332
	13373
	23236

	44
	201100
	8
	11-août
	14446
	16929
	11922
	36149
	6960
	3780
	2783
	9719
	13858
	23934

	45
	201100
	9
	11-sept
	14956
	17314
	12532
	37307
	7199
	3920
	2868
	10123
	14304
	24703

	46
	201100
	10
	11-oct
	15463
	17791
	13073
	38259
	7461
	4042
	2954
	10544
	14766
	25643

	47
	201100
	11
	11-nov
	16029
	18248
	13586
	39515
	7678
	4143
	3004
	10954
	15260
	26411

	48
	201100
	12
	11-déc
	16448
	18612
	13942
	40552
	7891
	4258
	3059
	11305
	15736
	27029

	49
	201200
	1
	12-janv
	16993
	19077
	14574
	42215
	8137
	4404
	3132
	11717
	16180
	27814

	50
	201200
	2
	12-févr
	17493
	19522
	15126
	43511
	8386
	4542
	3187
	12046
	16630
	28549

	51
	201200
	3
	12-mars
	18194
	20034
	15871
	45044
	8680
	4677
	3267
	12441
	17177
	29473

	52
	201200
	4
	12-avr
	18787
	20606
	16545
	46680
	8970
	4799
	3360
	12920
	17748
	30374

	53
	201200
	5
	12-mai
	19508
	21162
	17338
	48711
	9286
	4904
	3476
	13479
	18438
	31365

	54
	201200
	6
	12-juin
	20113
	21723
	18055
	50335
	9583
	5032
	3556
	13955
	19000
	32308

	55
	201200
	7
	12-juil
	20681
	22140
	18741
	51942
	9910
	5147
	3631
	14388
	19553
	33187

	56
	201200
	8
	12-août
	21255
	22668
	19405
	53521
	10205
	5290
	3691
	14877
	20062
	33948

	57
	201200
	9
	12-sept
	21952
	23152
	20085
	55139
	10515
	5418
	3782
	15294
	20531
	34948

	58
	201200
	10
	12-oct
	22749
	23721
	20899
	56423
	10848
	5504
	3860
	15755
	21108
	36095

	59
	201200
	11
	12-nov
	23541
	24238
	21591
	58090
	11148
	5612
	3940
	16189
	21727
	37035

	60
	201200
	12
	12-déc
	24118
	24660
	22269
	59584
	11414
	5665
	4023
	16555
	22217
	37956

	61
	201300
	1
	13-janv
	24868
	25196
	22956
	61179
	11706
	5812
	4092
	16936
	22762
	38501

	62
	201300
	2
	13-févr
	25555
	25688
	23602
	62637
	11966
	5952
	4159
	17312
	23248
	39001

	63
	201300
	3
	13-mars
	26264
	26255
	24384
	64480
	12275
	6126
	4242
	17760
	23847
	39702

	64
	201300
	4
	13-avr
	26929
	26907
	25127
	66471
	12594
	6295
	4349
	18277
	24557
	40295

	65
	201300
	5
	13-mai
	27659
	27655
	25963
	68512
	12973
	6493
	4467
	18819
	25304
	41016

	66
	201300
	6
	13-juin
	28340
	28227
	26703
	70390
	13328
	6648
	4563
	19333
	25924
	41621

	67
	201300
	7
	13-juil
	29060
	28808
	27408
	72198
	13680
	6822
	4648
	19793
	26547
	42189

	68
	201300
	8
	13-août
	29695
	29380
	28145
	73858
	13984
	6995
	4761
	20265
	27110
	42763

	69
	201300
	9
	13-sept
	30397
	29936
	28867
	75433
	14296
	7165
	4879
	20678
	27673
	43460

	70
	201300
	10
	13-oct
	31202
	30603
	29607
	77236
	14671
	7382
	5010
	21134
	28312
	44257

	71
	201300
	11
	13-nov
	31886
	31137
	30377
	78764
	15024
	7572
	5105
	21565
	28920
	45049

	72
	201300
	12
	13-déc
	32539
	31619
	31120
	79883
	15327
	7679
	5193
	21948
	29486
	45626

	73
	201400
	1
	14-janv
	33279
	32242
	31874
	81656
	15686
	7816
	5267
	22407
	30104
	46893

	74
	201400
	2
	14-févr
	33934
	32871
	32584
	83309
	16024
	7940
	5375
	22834
	30690
	48165

	75
	201400
	3
	14-mars
	34728
	33585
	33476
	85368
	16478
	8104
	5487
	23360
	31386
	49810

	76
	201400
	4
	14-avr
	35623
	34296
	34386
	87622
	16890
	8283
	5606
	23923
	32175
	51517

	77
	201400
	5
	14-mai
	36514
	35031
	35392
	90012
	17360
	8506
	5747
	24517
	32917
	53251

	78
	201400
	6
	14-juin
	37346
	35764
	36232
	92212
	17774
	8701
	5876
	25064
	33626
	54789

	79
	201400
	7
	14-juil
	38136
	36375
	37004
	94296
	18147
	8881
	6003
	25606
	34295
	55914

	80
	201400
	8
	14-août
	38937
	36898
	37845
	96430
	18547
	9057
	6146
	26086
	34871
	57073

	81
	201400
	9
	14-sept
	39749
	37503
	38606
	98404
	18894
	9297
	6276
	26576
	35509
	58276

	82
	201400
	10
	14-oct
	40571
	38139
	39449
	100335
	19323
	9543
	6424
	27083
	36215
	59629

	83
	201400
	11
	14-nov
	41348
	38730
	40276
	102277
	19718
	9766
	6554
	27575
	36842
	60859

	84
	201400
	12
	14-déc
	42147
	39319
	41100
	103999
	20048
	9992
	6647
	28046
	37523
	61979

	85
	201500
	1
	15-janv
	42896
	39949
	41875
	105820
	20414
	10181
	6782
	28584
	38162
	62672

	86
	201500
	2
	15-févr
	43622
	40462
	42595
	107602
	20775
	10349
	6895
	29042
	38713
	63012

	87
	201500
	3
	15-mars
	44393
	41115
	43494
	109678
	21191
	10548
	7017
	29544
	39446
	63635

	88
	201500
	4
	15-avr
	45238
	41745
	44441
	112101
	21569
	10756
	7132
	30127
	40236
	64308

	89
	201500
	5
	15-mai
	46115
	42439
	45398
	114679
	22053
	11002
	7276
	30750
	41083
	64990

	90
	201500
	6
	15-juin
	46950
	43216
	46377
	117119
	22500
	11236
	7400
	31298
	41855
	65788

	91
	201500
	7
	15-juil
	47811
	43925
	47306
	119438
	22914
	11504
	7504
	31908
	42629
	66411

	92
	201500
	8
	15-août
	48642
	44629
	48130
	121222
	23270
	11737
	7625
	32388
	43340
	66972

	93
	201500
	9
	15-sept
	49499
	45292
	49018
	123310
	23656
	11982
	7797
	32949
	44051
	67403

	94
	201500
	10
	15-oct
	50519
	46086
	49975
	125607
	24133
	12219
	8013
	33614
	44906
	68010

	95
	201500
	11
	15-nov
	51354
	46797
	50856
	127627
	24521
	12440
	8156
	34185
	45611
	68616

	96
	201500
	12
	15-déc
	52170
	47476
	51667
	129630
	24892
	12651
	8220
	34697
	46292
	69292

	97
	201600
	1
	16-janv
	52950
	48137
	52355
	131478
	25286
	12816
	8366
	35211
	46933
	70766

	98
	201600
	2
	16-févr
	53723
	48789
	53145
	133316
	25667
	12976
	8511
	35678
	47540
	72112

	99
	201600
	3
	16-mars
	54564
	49498
	54054
	135737
	26142
	13169
	8687
	36334
	48305
	73715

	100
	201600
	4
	16-avr
	55427
	50251
	55059
	138267
	26595
	13359
	8876
	37010
	49161
	75308

	101
	201600
	5
	16-mai
	56331
	51119
	56148
	140862
	27118
	13596
	9087
	37723
	50084
	77029

	102
	201600
	6
	16-juin
	57212
	52004
	57192
	143470
	27577
	13825
	9285
	38400
	50941
	78669

	103
	201600
	7
	16-juil
	58043
	52770
	58152
	145711
	28038
	14010
	9442
	38968
	51746
	79773

	104
	201600
	8
	16-août
	58966
	53570
	59091
	147799
	28589
	14174
	9595
	39526
	52431
	81046

	105
	201600
	9
	16-sept
	60005
	54395
	60123
	150069
	29128
	14432
	9833
	40162
	53188
	82313

	106
	201600
	10
	16-oct
	60998
	55330
	61180
	152512
	29711
	14660
	10059
	40786
	54048
	83982

	107
	201600
	11
	16-nov
	61904
	56099
	62146
	154722
	30205
	14897
	10222
	41343
	54832
	85671

	108
	201600
	12
	16-déc
	62709
	56822
	62968
	156646
	30589
	15093
	10370
	41861
	55465
	87138

	109
	201700
	1
	17-janv
	63486
	57520
	63852
	158522
	30976
	15239
	10516
	42367
	56118
	88619

	110
	201700
	2
	17-févr
	64225
	58098
	64725
	160382
	31394
	15402
	10647
	42871
	56733
	90083

	111
	201700
	3
	17-mars
	65184
	58912
	65924
	162906
	31935
	15606
	10839
	43547
	57603
	91809

	112
	201700
	4
	17-avr
	66088
	59880
	67166
	165567
	32535
	15804
	11022
	44330
	58524
	93926

	113
	201700
	5
	17-mai
	67218
	60934
	68461
	168329
	33193
	16031
	11238
	45140
	59539
	96026

	114
	201700
	6
	17-juin
	68219
	61796
	69613
	170852
	33828
	16271
	11398
	45874
	60384
	97826

	115
	201700
	7
	17-juil
	69017
	62646
	70597
	173051
	34342
	16484
	11576
	46528
	61135
	99412

	116
	201700
	8
	17-août
	69889
	63421
	71605
	175151
	34891
	16713
	11768
	47196
	61835
	101110

	117
	201700
	9
	17-sept
	70833
	64167
	72641
	177286
	35489
	16947
	11991
	47912
	62610
	102811

	118
	201700
	10
	17-oct
	71911
	65092
	73835
	179707
	36079
	17216
	12275
	48638
	63451
	104652

	119
	201700
	11
	17-nov
	73036
	65917
	74999
	182144
	36686
	17476
	12484
	49308
	64294
	106495

	120
	201700
	12
	17-déc
	74002
	66676
	76105
	184307
	37231
	17739
	12687
	49938
	65090
	108270








   





   



 
Figure 3S. Variation of the deviation to the linearity ΔNi(t)  of the frequency of caesarian births Ni(t)  recorded for each month from 2008 to 2017 for each region (Table 1) in Ghana. Brong-Ahafo (BA, i = 1); Central (CNT, i = 2); Eastern (EAST, i = 3); Greater Accra (ACC, i = 4); Northern (NTH, i = 5); Upper East (UE, i = 6); Upper West (UW, i = 7); Volta (VLT, i = 8); Western (WST, i = 9); Ashanti (ASH, i = 10).




Figure 4S. Variation of the population P(t) of the Country of Ghana over the time (t) recorded for each month from 2008 to 2017. (●): actual. Solid line: fitting in linear regression (Eq. 1S). 

Nglob,lin(t) = -29505×109 + 675028·t                     (1S)

With a correlation coefficient R = 0.99986 and a population growth rate of 675028 inhabitant per year.
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