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Abstract
Background
The aim of this study is to monitor the concept of ‘leaving no one behind’ in the Sustainable Development Goals (SDGs) to track the implications of the mobilization of health care resources by the National Health Insurance Fund (NHIF) of Sudan.

Methods
A cross-sectional study was used to monitor ‘leaving no one behind’ in NHIF by analyzing the secondary data of the information system for the year 2016. The study categorized the catchment areas of health care centers (HCCS) according to district administrative divisions, which are neighborhood, subdistrict, district, and zero. The District Division Administrative Disaggregation Data (DDADD) framework was developed and investigated with the use of descriptive statistics, maps of Sudan, the Mann-Whitney test, the Kruskal-Wallis test and health equity catchment indicators. SPSS ver. 18 and EndNote X8 were also used.

Results
The findings show that the NHIF has mobilized HCCs according to coverage of the insured population. This mobilization protected the insured poor in high-coverage insured population districts and left those living in very low-coverage districts behind. The Mann-Whitney test presented a significant median difference in the utilization rate between catchment areas (P value < 0.001). The results showed that the utilization rate of the insured poor who accessed health care centers by neighborhood was higher than that of the insured poor who accessed by more than neighborhood in each state. The Kruskal-Wallis test of the cost of health care services per capita in each catchment area showed a difference (P value < 0.001) in the median between neighborhoods. The cost of health care services in low-coverage insured population districts was higher than that in high-coverage insured population districts.

Conclusion
The DDADD framework identified the inequitable distribution of health care services in low-density population districts leaves insured poor behind. Policymakers should restructure the equation of health insurance schemes based on equity and probability of illness, to distribute health care services according to needs and equity, and to remobilize resources towards districts left behind.
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Background
The greatest challenge faced by the world today is poverty eradication [1]. Universal health care (UHC) was proposed as a financial system to protect poor people from financial hardship [2]. UHC implemented in Sudan through the National Health Insurance Fund (NHIF) sought to reduce inequalities in health outcomes to protect poor populations [3].
Globally, 56% of the population in rural areas suffers from a lack of health care service coverage, compared to only 22% in urban areas [4]. The situation is most severe in Africa, where 77% of the rural population suffers from a lack of health care service coverage compared to 50% of the urban population, who lack access to necessary services due to the shortage of health workers [4]. In Sudan, 74% of health care facilities are unable to provide essential health care services, even though the geographical coverage of HCCs is 86% [3]. These statistics on the coverage of primary health care facilities show an inequity between states with a range of 1 health care center: 3039 persons to 1 health care center: 20,770 persons [5]. The percentage of the population not covered by health care facilities within 5 km differs between states, from 0.1 to 42.3 [5]. A survey from 2009 indicated that an urban dweller was 60% more likely to have utilized outpatient services than a person who lived in a rural area [5]. Resource allocation was not available for the poor; lower-income quartiles received 13% of public expenditures compared to 26% for higher-income quartiles [5]. Poor patients utilized health care almost ten times less frequently than rich patients [5]. As a result, tracking the implications of health resource allocation by the NHIF is crucial for poverty eradication.
The concepts of health equity within SDGs 1, 3.8, 10 and 17.18 were synthesized to explore the functions of the NHIF. The desired outcomes for the poor in SDG 1 are to end all forms of poverty everywhere, to achieve significant health coverage of the poor and vulnerable through the national application of social protection systems and measurements by 2030, to consider that everyone has the equal right of access to basic services, and to accelerate investment in poverty eradication at all levels through the formulation of pro-poor policy frameworks [1]. SDG 3.8 emphasizes the achievement of UHC with financial risk protection [1]. The targets of SDG 10 are to decrease inequality within and between countries, to ensure that everyone has equal opportunity, to eliminate inequalities in outcomes and to formulate social protection polices and policies for achieving equality [1]. SDG target 17.18 focuses on providing meaningful high-quality data with reliability [1]. It suggests the disaggregation of data according to geographical location, gender, age, income, race, ethnicity, disability, migratory status, and other features applicable in countrywide contexts [1].
As a result, SDG goals 1 and 10, targets 3.8 and 17.18, address the concept of ‘leaving no one behind’ to accomplish health equity for all people everywhere to contribute to poverty eradication. The NHIF becomes a social protection mechanism, and its function is to remobilize health care services to decrease inequity in accessibility and utilization and to consider everyone in data analysis.
Innovations are needed to apply the concept of ‘leaving no one behind’ to fill the knowledge gap that monitors health equity, according to WHO studies reports and World Health Statistic 2017 monitoring health for SDGs. Innovations in disaggregation of data are needed to implement the concept of ‘leaving no one behind’ in NHIF information systems [6–8]. Innovation is needed to monitor health equity within disadvantaged groups to determine who is being left behind in health equity [6], to monitor the distribution of health care resources between areas to determine where disadvantaged groups are being left behind [6], to measure health equity by two dimensions and to connect the underlying cause to health equity output to understand why disadvantaged subgroups are being left behind [6].
Up to 2015, the process of the NHIF information system provided information concerning the distribution of the insured population by states and sectors, the distribution of health care centers by districts and states, the utilization of health care services by sectors, district, state, age, sex, health care center, type of health care facility, specialist health care services, referral of health care services, types of health care services, types of diagnostic and laboratory services, inpatient health care services, chronic diseases, diseases by system and cost of utilization of health care services [9].
This study analyzed the frameworks of the WHO [10–13], the health care system of Sudan [5], and the NHIF information system [9] to monitor the reduction of health inequity in UHC programs for poverty eradication. These frameworks aggregate the data with regard to age, gender, education, socioeconomic status, income and place of residence by district, state, rural or urban area, migrants and minorities [12, 14, 15]. The frameworks measure the distribution of health care facilities, population coverage, and access to essential health care services by population cover within 5 km and not within 5 km and utilization by place of residence [12], district [15] and state [14, 15].
The frameworks do not take into account how to innovate the new disaggregation of data to track equal opportunity and inequalities of outcomes between populations with the target of detecting the poor left behind. Furthermore, the frameworks do not consider the main function of a UHC program, which is to remobilize resources towards areas left behind by equitable distribution to manage inequitable access to achieve the target of no insured poor left behind.
The goal of developing the DDADD framework in this study was to monitor the concept of leaving no one behind in health equity in SDGs to track the equitable implications of the mobilization of health care resources by NHIF towards UHC. The objectives were to identify who is being left behind, why they are being left behind, where they are being left behind and how to protect them from being left behind.
The unique DDADD framework elaborates the main function of the NHIF, which is to reallocate health care resources towards health inequity reduction within the system. The framework was constructed around the DDA catchment areas of HCCs and by utilizing the concept of ‘leaving no one behind’ in health equity in the SDGs to provide information about the equitable implications of the mobilization of health care resources by the NHIF towards districts left behind.
Methods
This study synthesized Andersen’s behavioral model of health care utilization with the principles of health equity in the SDGs in the NHIF setting and the district division administrative (DDA) catchment area distribution of HCCs. This synthesis applied the concept of ‘leaving no one behind’ in the WHO’s Framework for Designing Health Information Systems, which consists of data collection, data transmission, data processing, data analysis and information [16]. The concept has four dimensions: who is being left behind, why they are being left behind, where they are being left behind and how to protect them from being left behind [6]. This synthesis innovates the DDADD framework.
Andersen’s behavioral model is commonly used to evaluate factors that are associated with patient utilization of health care services. This model suggests that individual determinants of health care utilization are predisposing, enabling, and need factors [17–20]. Enabling factors consist of an individual’s income, health insurance status, availability of HCC, and access to HCC; the enabling factors were chosen because the majority of the factors can be transformed by policymakers [17–20]. The model was applied to study the influencing enabling factors associated with health service utilization in the NHIF. Patients utilize health care services more when they are located near them than when they are located at a distance from health care services [21].
Sudan is divided into 18 states and 189 districts. The cross-sectional study analyzed the secondary data from the NHIF’s information system for the year 2016. This study included all insured populations who visited health care facilities in a district or a state in addition to all HCCs that provided health care services by general practitioners (GPs) in 2016. Any HCC that had contracted medical assistance from the NHIF’s health care service package was excluded. In this study, the data did not include the rich and poor populations from Khartoum State. The data on income- insured visitors to health care facilities were gathered from 13 states, and data from five states were missing.
Disaggregation of data
The DDA of Sudan is composed of neighborhoods, subdistricts and districts [22]. The health map of the NHIF targets the insured population of 10,000 in a 5 km square covered by HCC with a GP as its provider [23]. This implies the health equity in the SDGs in the NHIF setting, in which every insured person has access to HCC by neighborhood catchment area and the utilization of health care services is equitable between the insured poor and the insured rich and within the insured poor. The study found that the catchment areas of HCCs were neighborhood, subdistrict and district based on the distribution of HCCs [22] (Fig. 1). If an HCC covered a group of neighborhoods, the catchment area was the neighborhood; if there was an HCC in a subdistrict, the catchment area was subdistrict; and if there was an HCC in a district, the catchment area was the district. When there was no HCC, the catchment area was zero (Fig. 1).
[image: ../images/12939_2020_1338_Fig1_HTML.png]
Fig. 1The District Division Administrative Catchment Area Disaggregation of Data Framework


Study variables
The dependent variables used in this analysis were the catchment area distribution of HCCs, the catchment area coverage of districts, DDA insured accessibility, the insured catchment area utilization of health care services, the income-insured catchment area utilization of health care services and the catchment area cost of health care services. The independent variables were the density of the insured population, the catchment area distribution of HCCs, DDA insured accessibility and DDA income-insured accessibility.
This study measured the catchment area distribution of HCCs by the number of HCCs available according to the DDA catchment areas. The catchment area coverage of districts was accounted for by the number of districts based on DDA catchment area coverage. DDA insured and income-insured accessibility was accounted for by the number of insured, the insured poor and the insured rich coverage in the DDA catchment area coverage. The insured catchment area utilization of health care services was measured by insured visitors to health care facilities by DDA catchment areas. The income-insured catchment area utilization of health care services was measured by insured poor or insured rich visitors to health care facilities by DDA catchment areas. The density of the insured population was measured by insured coverage in the DDA catchment areas. The DDA catchment area ranges were neighborhood, subdistrict, district, and zero.
The income-insured accessibility and income-insured utilization of health care services variables predict that the insured population is being left behind. The catchment area cost of health care services and the density of the insured population explore why they are being left behind. The catchment area distribution of HCCs and the catchment area district coverage examine where they are being left behind. The outputs of these measurements will provide policymakers with information about how to protect the insured population from being left behind.
Analytical approach
The goal of developing the DDADD framework in this study was to monitor the concept of leaving no one behind in health equity in SDGs to track the equitable implications of the mobilization of health care resources by the NHIF towards UHC. The objectives were to identify who is being left behind, why they are being left behind, where they are being left behind and how to protect them from being left behind.
The analytic methods of the DDADD framework were developed to explore the effect of the density of the insured population on the distribution of HCCs in the catchment area to identify districts left behind, to discover the effect of the catchment area distribution of HCCs on income-insured accessibility in order to know who is left behind, to track the effect of income-insured catchment area accessibility on the income-insured utilization of health care services in order to know who is left behind in terms of utilization and to determine the effect of the density of the insured population on the cost of health care services in the catchment area in order to formulate financial policy.
The database was measured by count, percentage and maps of Sudan. The unit of analysis was the district. SPSS ver. 18 and EndNote X8 were used. Nonparametric tests were implemented to analyze the data because of the abnormal distribution of the data.
The insured catchment area utilization of health care services was investigated by using the Mann-Whitney test, and ratio itself. The Insured Catchment Area Utilization Rate Indicator was used to explore the difference between the Neighborhood (N) N-catchment areas and the More Than Neighborhood (MTN) MTN-catchment area utilization rate at the state and national levels in comparison with the geographical utilization ratio in the same state. The N- or MTN-catchment area utilization rate was measured by the catchment area utilization ratio. The catchment area utilization ratio was the number of the N- or MTN-catchment areas with insured visitors to health care facilities at the state level divided by the N or MTN accessible to the insured population at the state level.
The Income-insured Catchment Area Utilization Rate Indicator was developed to track the effect of DDA accessibility on the catchment area utilization of the insured poor who had been left behind from UHC. This indicator was created to understand why the insured poor were left behind and how to formulate a solution [6]. The utilization rate indicator was measured by using the ratio of the income-insured catchment area utilization to income-insured DDA accessibility. It was composed of the following: the poor N-catchment area utilization rate, the poor MTN-catchment area utilization rate, the rich N-catchment area utilization rate and the rich MTN-catchment area utilization rate.
The Catchment Areas Cost of Health Care Services Indicator was measured by American dollars (USD) per capita and was analyzed using the Kruskal-Wallis test and ratio. The indicator was calculated by dividing the USD cost of health care services according to catchment areas by the amount of insured DDA accessibility. The Sudanese pound was converted to USD, and the amount was calculated by dividing the total cost of health care facilities by seven, which was the buying rate at the time of the study [24]. Mahidol University and the NHIF gave approval to conduct this study.
Results
The table of catchment area distribution for the general characteristic indicators shows the effect of the density of the insured population on the catchment area distribution of HCCs and detects whether any insured poor were left behind (Table 1). The data were collected from 18 states. The results showed that the population of Sudan was 37,418,999 in 2016, and the NHIF covered 43.8% of the Sudanese population (Table 1). The trend in the density of the Sudanese population and the insured population declined dramatically from very high density in the N-catchment areas to very low density in the district catchment areas and zero catchment areas (Table 1). The trend of the distribution of HCCs displayed a significant gap between the N- and MTN-catchment area districts. The statistics showed that four-fifths of the total HCCs were distributed in one-fifth of the N-catchment area districts, and 70% of the insured population lived in those districts (Table 1). On the other hand, one-fifth of the total HCCs were mobilized for four-fifths of the MTN-catchment area districts, and 30% of the insured population lived in those districts (Table 1).
Table 1Catchment Area Distribution of General Characteristic Indicator


	 	 	Catchment area
	 
	Variables
	Neighborhoods
	Subdistrict
	District
	Zero
	Total

	 	Number
	%
	Number
	%
	Number
	%
	Number
	%
	Number
	%%

	Sudanese Population
	19,240,308
	51.42
	10,391,005
	27.77
	6,884,931
	18.40
	902,755
	2.41
	37,418,999
	100

	Insured population
	11,367,127
	69.33
	3,320,733
	20.25
	1,518,913
	9.26
	176,227
	1.07
	16,396,484
	100

	Poor insured population
	3,054,274
	46.77
	2,068,346
	31.67
	1,252,875
	19.18
	155,003
	2.37
	6,530,498
	100

	Rich insured population
	3,625,538
	70.23
	1,249,621
	24.21
	266,038
	5.15
	21,224
	0.41
	5,162,421
	100

	District
	45
	23.81
	70
	37.04
	62
	32.80
	12
	6.35
	189
	100

	Health care center
	1025
	78.07
	217
	16.53
	71
	5.41
	0
	0.00
	1313
	100




The following measurements monitored the equitable implications of the mobilization of health care resources by the NHIF on the reduction of health inequity to leave no poor behind. The Mann-Whitney test displayed a significant median difference in the utilization rate of HCCs between the N- and MTN-catchment areas (P < 0.001). The statistics showed a median of 1.37 and an interquartile range (IQR) of 0.95 in the N-catchment areas, whereas the statistics showed a median of 0.42 and an IQR of 0.63 in the MTN-catchment areas.
This study compared the geographically insured utilization trend with the utilization rate of the insured in the N-catchment and the MTN-catchment areas at the state level (P < 0.001) and the national level (Fig. 2). The statistics showed that the insured N-catchment area utilization rate was higher than the insured MTN-catchment area utilization rate at the state and national levels, with variation from state to state (Fig. 2). Khartoum and Aljazzyra States had access to HCC by neighborhood, whereas subdistrict accessibility was only found in West Kordofan State (Fig. 2). The national and state geographical utilization rates present a trend of the insured N-catchment area utilization rate compared to the MTN-catchment area utilization rate in each state except Khartoum and West Kordofan States (Fig. 2).
[image: ../images/12939_2020_1338_Fig2_HTML.png]
Fig. 2Insured Catchment Area Utilization Rate Indicator Data about the total utilization of health care services were missing in 13 cases


The poor N-catchment area utilization rate was found to be higher than the poor MTN-catchment area utilization rate in each state. At the national level, there was variation from state to state (Fig. 3). The majority of states and the national-level poor MTN-catchment area utilization rate presented a lower rate than the rich MTN-catchment area utilization rate, except for North Kordofan and Sinnar States, which displayed variations between the states (Fig. 3). However, the poor N-catchment area utilization rate was higher than the rich N-catchment rate at the state and national levels, except for River Nile State, which was low.
[image: ../images/12939_2020_1338_Fig3_HTML.png]
Fig. 3Income Insured Catchment Area Utilization Rate Indicator. Data were received from 13 states of Sudan


The Kruskal-Wallis test of the catchment area cost of health care services per capita showed a difference (P value < 0.001) in the median between neighborhoods of 1.47 IQR 5.67, subdistrict 2.99 IQR 6.98, district 6.29 IQR 4.73, and zero 0.00 IQR 0.00. The catchment area cost of health care services per capita for the NHIF in 2016 differed between catchment areas. The costs of health care services per capita in the neighborhood catchment area, subdistrict catchment area, district catchment area, and zero catchment area were 2.8, 3.5, 4.0, and 3.2 USD, respectively.
The catchment areas of HCCs of the district map of Sudan indicators showed that district and zero catchment area districts had very low insured population densities with very low percentages of HCCS (Fig. 4, 5). At the district level, the density of the insured population is classified by the district percentage of the insured population from the total insured population of a state. The classification was < 20% insured population, very low; 20–39% insured population, low; 40–59% insured population, moderate; 60–79% insured population, high; and 80–100%, very high.
[image: ../images/12939_2020_1338_Fig4_HTML.png]
Fig. 4Map of Sudan, the Catchment Area of Health Care Centers of Districts. Source: The software of the map from OCHA

[image: ../images/12939_2020_1338_Fig5_HTML.png]
Fig. 5Map of Sudan, the Density of Insured Population of Districts. Source: The software of the map from OCHA


In the district state analysis, the distribution of the income-insured population districts showed that the insured poor populations had high densities in district and zero catchment areas (Fig. 6). The insured rich populations had low densities in district and zero catchment areas (Fig. 6).
[image: ../images/12939_2020_1338_Fig6_HTML.png]
Fig. 6Map of Sudan, the Density of Poor Insured Population of Districts. Source: The software of the map from OCHA


At the district level, the density of the insured poor population was classified by the district percentage of the insured poor population from the total insured population of a state. The classification was < 20%, 20–39%, 40–59%, 60–79%, and 80–100%, indicating very low, low, moderate, high, and very high, respectively.
Discussion
The innovative DDADD framework in this study monitored the concept of leaving no one behind in the NHIF of Sudan and tracked the equitable implications of the mobilization of health care resources towards health equity in the SDGs. In addition, the framework detected who was being left behind, why they were being left behind, where they were being left behind and how to protect them from being left behind.
The first analytic methods of the DDADD framework identified the effect of the density of the insured population on left-behind districts’ HCC coverage. The results showed that the NHIF provided an HCC for every group of neighborhoods in high-density insured population districts in N-catchment area districts, which accounted for one-fifth of all Sudanese districts. In the very low-density insured population districts, HCCs were mobilized by providing an HCC for each district or zero. Thus, the mobilization of resources based on the density of the insured population left two-fifths of all Sudanese districts behind.
The second analytic methods of the DDADD framework explored the effect of the catchment area distribution of HCCs on insured accessibility. The results showed that district, state and national inequitable accessibility to HCCs was based on the insured population’s access to HCCs by neighborhood, subdistrict, district and zero, and this distribution left four-fifths of the insured poor behind in inequitable accessibility. The third analytic methods of the DDADD framework tracked the effect of income-insured accessibility on the income-insured utilization of health care services. The measurements showed that the insured accessed by N-catchment areas utilized more than those accessed by MTN-catchment areas, and the utilization of the insured poor accessed by N-catchment areas was higher than that of the insured poor accessed by MTN-catchment areas and the rich insured accessed by N-catchment areas. However, the insured poor accessed by MTN-catchment areas utilized less than the rich insured accessed by MTN-catchment areas. The fourth analytic methods of the DDADD framework determined the catchment area cost of health care services. The figures show that the cost of health care services increased gradually from high-density insured populations to low-density insured populations; therefore, the cost of health equity requires additional financial resources. Constructing the framework around the catchment areas of HCCs made the framework able to monitor the concept of ‘leaving no one behind’.
The results showed that the Andersen behavioral model is valuable for assessing the association of health care service utilization with the enabling factors of income insured, availability of health care services, and distance for access to health care services. These enabling factors are significant predictors of health service utilization.
In this study, unexpected findings emerged in the statistics. Khartoum State had access by N-catchment and West Kordofan State by subdistrict catchment, but the state geographical utilization rate presented a trend of a low insured utilization rate in Khartoum State and West Kordofan. Khartoum State is the capital state of Sudan, so copayment may be the factor influencing the utilization rate. The quality of health care services affected utilization in West Kordofan State because this state suffers from poor infrastructure. The quality of health care services could have a greater impact on the reduction of the rich MTN-catchment area utilization rate compared with the poor MTN-catchment area utilization rate in North Kordofan and Sinnar States. The poor N-catchment area utilization rate was lower than the rich N-catchment in River Nile State, which might be explained by copayment, which has negative effects on the poor.
The existing measurements of accessibility and health care services utilization include raster and network data models [25], Digiroad [26], the combination of land cover (GlobCover), elevation, road and river layers in AccessMod [27], Euclidian distance [28], the combination of the two-step floating catchment area method, the distance factor, the Huff-based competitive model [29], model-based estimates of average trip length [30], geographic information system-shortened path analysis and two-step floating catchment area methods [31], the index of commercial geospatial data quality/availability [32], the potential geographic accessibility in different scenarios [33], geographic information system maps [34], demographic mapping methods [35], straight-line distance, network distance, network travel time, raster travel time, mechanized, and nonmechanized [36], the two-step floating catchment area [37], and proximity [38]. These methods measure the accessibility or utilization of health care services by travel time, travel distance, travel behavior information, care resources, commercial geocoding, and neighborhood characterization. Furthermore, they measure accessibility according to time or distance traveled from the allocated HCC, so they measure the effect of accessibility on utilization.
In World Health Statistics 2018: monitoring health for SDGs [39], health equity is measured by the SDG index of essential services coverage; this compares people who have access to a full range of essential services to the average coverage [39]. It disaggregates the data according to levels of wealth and education, geographical locations within a country, age and sex [39]. This WHO framework provides national information about equity regarding the utilization of essential health services between average coverage and full coverage and between rich and poor [39]. Research studies disaggregate the data based on gender [40, 41], socioeconomic status [42–46], income [47–49], marital status [50], residence [51], ethnicity [52], and education [53, 54]. This disaggregation facilitates the detection of inequity in health between advantaged and disadvantaged groups.
The existing health equity methods aim to provide information to diagnose the equity effect of the accessibility and utilization of health care services along with the WHO’s methods of disaggregating health care services according to residence to investigate health equity between areas and between poor and rich populations. However, the methods do not connect the distribution of HCCs to accessibility to explore the poor and where people are left behind, and the methods were not formulated to provide information about underlying causes to treat inequity in accessibility. Previous studies diagnosed the gap between the poor and the rich without considering the gap within the poor in financial protection systems to discover the effect of accessibility on the insured poor’s utilization of health care services.
This research contributes to public health novel DDADD framework to monitor the concept of ‘leaving no one behind’, to track the progress in accomplishing SDGs 2030 by UHC programs. The framework disaggregates disadvantaged and advantaged groups by DDA to monitor health equity within and across the groups, to determine who is being left behind. It measures the distribution of health care resources between areas by DDA catchment areas, to determine where disadvantaged groups are being left behind. It interconnects access to health care services to the catchment areas of health care services, utilization of health care services to access, the cost of health care services to density of population coverage, in order to conceptualize the implications of resource allocation, to generate knowledge for how to reallocate resources, and to formulate policies to ensure that no one will be left behind.
The DDADD framework generates novel knowledge that fills the knowledge gap in public health to monitor the concept of ‘leaving no one behind’, to reallocate health resources towards the reduction of health inequity by UHC programs. The framework determines the equitable distribution of health care services in high-density insured population districts that protects insured poor, but the inequitable distribution in low-density insured population districts that left insured poor behind. It discovers that a majority of the population living in low-density population districts is poor and insured poor, the low-density population districts suffer lack of health care facilities, and the cost of health care services is high.
As a result, the health insurance schemes need to generate revenue to reduce health inequity to protect insured poor in low-density population districts. The premium equation of health insurance scheme is based on the probability of illness. The equation needs restructuring according to equity and the probability of illness, in order to protect insured poor in low-density population districts. Therefore, the insured population live in high-density population districts subsidize for who live in low-density population districts. The supply-side of UHC needs to invest in health care facilities in low-density population districts based on needs and equity, to accomplish UHC, and to reduce health inequity.
Limitations
This study did not differentiate between insured areas covered or utilized by N-catchment areas within 5 km and outside of the 5 km area. It accounted for insured accessed or utilized by N-catchment areas with insured subdistrict or district catchment areas because the data were collected by district, where the unit of analysis was the district and not the HCC. This study did not identify insured children under five, insured elderly, or insured by gender with regard to being left behind in health equity, which is important for reducing the morbidity rate and the mortality rate of the targeted population.
There is an urgent need to study the health insurance schemes reliance on equity and the probability of illness, since equity will play a more pivotal role in remobilization of health resources towards the low-density population districts left behind to protect insured poor. Future studies are needed to investigate catchment area interaction mechanisms by N-catchment area within 5 km, N-catchment area outside 5 km, subdistrict, district, and zero to track insured children under five, insured elderly, and insured by gender with regard to being left behind in health equity to monitor the effects of payment mechanisms and copayment on health equity in SDGs to achieve UHC. Finally, the question of whether the quality of health care services is equitable between districts needs to be answered by another study.
Conclusion
This study innovated the DDADD framework based on disaggregation of data around the DDA catchment areas of HCCs and by using the concept of ‘leaving no one behind’ in health equity in the SDGs. The DDADD framework has the ability to track the concept of leaving no one behind to monitor the equitable implications of the mobilization of health care resources by the NHIF towards UHC. Furthermore, it provides district, state, and national information about health equity within insured poor groups to determine who is being left behind and why, the districts that are left behind, the cost of health care services between the districts and the effect of the density of the insured population on left-behind districts. The unique characteristic of the DDADD framework is that it can consider the main function of the NHIF, which is to reallocate health care resources towards left-behind districts. The framework generated novel knowledge to public health by concluding that the equitable distribution of health care services in high-density insured population districts protects insured poor, but the inequitable distribution in low-density insured population districts leaves insured poor behind. It determines that a majority of the population living in low-density population districts is poor and insured poor, the low-density population districts suffer lack of health care facilities, and the cost of health care services is high. The policymakers in the supply-side UHC need to distribute health care services based on needs and equity in order to protect poor in low-density population districts. Health insurance schemes also require restructuring of the premium formula according to equity and the probability of illness in order to finance health care services in low-density population districts left behind UHC, to protect insured poor.
Acknowledgements
This study was a part of the thesis fulfillment by the author as a requirement for the completion of the doctoral degree in Public Health at Mahidol University. I would like to thank my daughter Rodina A, Najla E, my mother, my sisters and brothers for their emotional support, NHIF administrative staffs for providing the secondary data to use in this research, especially M Brima and H Hashim, and N Butsing and A Ahmad participated in data analysis, and Sulaiman A, A Al-Betar, Sambhavi U, and Myo A for inspiring me to be a pulic health innovator.

Authors’ contributions
All the authors contributed to the whole process of the study. 

Funding
The author received no financial support for the research, authorship, and/or publication of this article.

Availability of data and materials
The data is available.

Ethics approval and consent to participate
Ethical clearances were obtained from the Ethical Review Committee of Mahidol University, Thailand, and the National Health Insurance Fund, Sudan.

Consent for publication
Not applicable.

Competing interests
The author declares no potential conflicts of interest with respect to the research, authorship, and/or publication of this article.


References
	1.
United Nations. Transforming our world: the 2030 agenda for sustainable development. New York: United Nations Headquarter; 2015. [cited 10 December 2019]. Available from: https://​sustainabledevel​opment.​un.​org/​post2015/​transformingourw​orld/​publication.

	2.
Etienne C, Asamoa-Baah A, Evans DB. Health systems financing: the path to universal coverage. Geneva: World Health Organization; 2010. Available from:  https://​www.​who.​int/​whr/​2010/​en/​.

	3.
NHIF. International Conference: Road to universal health coverage for Sudan, report of the proceedings. Khartoum: National Health Insurance Fund of Sudan; 2017.

	4.
ILO. World social protection report 2017–19: Universal social protection to achieve the Sustainable Development Goals. Geneva: International Labour Organization;  2017.

	5.
MOH. Sudan country status report (CSR) 2012. Khartoum: Federal Ministry of Health of Sudan; 2012.

	6.
WHO. World Health Statistics 2017: monitoring health for the SDGs, Sustainable Development Goals. Geneva: World Health Organization; 2017.

	7.
WHO. The world health report 2013: research for universal health coverage. Geneva: World Health Organization; 2013.

	8.
WHO. World Health Statistics 2016: monitoring health for the SDGs, Sustainable Development Goals. Geneva: World Health Organization; 2016. Report No.: 978 92 4 156526 4.

	9.
NHIF. Annual statistics report 2015. Khartoum: National Health Insurance Fund of Sudan; 2015.

	10.
WHO. Handbook on health inequality monitoring: with a special focus on low- and middle-income countries. Geneva: World Health Organization; 2013. Report No.: 978 92 4 154863 2.

	11.
WHO. Health equity monitor— compendium of indicator definitions. Geneva: World Health Organization; 2018. https://​www.​who.​int/​gho/​health_​equity/​outcomes/​health_​equity_​indicator_​.

	12.
Boerma T, Eozenou P, Evans D, Evans T, Kieny M-P, Wagstaff A. Monitoring progress towards universal health coverage at country and global levels. Geneva: World Health Organization and World Bank; 2014. Report No.: 1549-1676.

	13.
WHO. Tracking universal health coverage: first global monitoring report .Geneva: World Health Organization; 2015.

	14.
MOH. Annual health statistical report of Sudan 2014. Khartoum: Federal Ministry of Health of Sudan; 2014.

	15.
NHIF. Annual statistics report 2016. Khartoum: National Health Insurance Fund of Sudan; 2016.

	16.
Lippeveld  T, Sauerborn  R, Bodart  C. Design and implementation of  health information systems. Geneva: World Health Organization; 2000. https://​apps.​who.​int/​iris/​handle/​10665/​42289.

	17.
Jahangir E, Irazola V, Rubinstein A. Need, enabling, predisposing, and behavioral determinants of access to preventative care in Argentina: analysis of the national survey of risk factors. PLoS One. 2012;7(9):e45053. https://​doi.​org/​10.​1371/​journal.​pone.​0045053.

	18.
Li YN, Nong DX, Wei B, et al. The impact of predisposing, enabling, and need factors in utilization of health services among rural residents in Guangxi, China. BMC Health Serv Res. 2016;16:592. https://​doi.​org/​10.​1186/​s12913-016-1825-4.

	19.
Kim HK, Lee M. Factors associated with health services utilization between the years 2010 and 2012 in Korea: using Andersen's Behavioral model. Osong Public Health Res Perspect. 2016;7(1):18–25. https://​doi.​org/​10.​1016/​j.​phrp.​2015.​11.​007.

	20.
EC A. Using Anderson’s model of health service utilization to examine use of services by adolescent girls in south-eastern Nigeria. Int J Adolesc Youth. 2016;21(4):523-9. https://​doi.​org/​10.​1080/​02673843.​2015.​1124790.

	21.
Australian Institute of Health and Welfare 2011. Access to health services for Aboriginal and Torres Strait Islander people. Canberra: Australian Institute of Health and Welfare; 2011.

	22.
NHIF. Distribution of health care facilities according to districts and subdistricts 2014. Khartoum: National Health Insurance Fund; 2014.

	23.
NHIF. Manual of health map of Sudan. Khartoum: National Health Insurance Fund; 2014.

	24.
Central Bank of Sudan. Exchange rates, daily rates for foreign currency website. Khartoum: Central Bank of Sudan; 2017. [cited 12 July 2019]. Available from: https://​cbos.​gov.​sd/​en/​exchange-rates.

	25.
Delamater PL, Messina JP, Shortridge AM, et al. Measuring geographic access to health care: raster and network-based methods. Int J Health Geogr. 2012;11:15.  https://​doi.​org/​10.​1186/​1476-072X-11-15.

	26.
Toivakka M, Laatikainen T, Kumpula T, et al. Do the classification of areas and distance matter to the assessment results of achieving the treatment targets among type 2 diabetes patients?. Int J Health Geogr. 2015;14:27. https://​doi.​org/​10.​1186/​s12942-015-0020-x.

	27.
Alegana VA, Wright JA, Pentrina U, et al. Spatial modelling of healthcare utilisation for treatment of fever in Namibia. Int J Health Geogr. 2012;11:6. https://​doi.​org/​10.​1186/​1476-072X-11-6.

	28.
Michimi A, Wimberly MC. Associations of supermarket accessibility with obesity and fruit and vegetable consumption in the conterminous United States.  Int J Health Geogr. 2010;9:49. https://​doi.​org/​10.​1186/​1476-072X-9-49.

	29.
Gu W, Wang X, McGregor SE. Optimization of preventive health care facility locations. Int J Health Geogr. 2010;9:17. https://​doi.​org/​10.​1186/​1476-072X-9-17Wei.

	30.
Paez A, Mercado RG, Farber S, et al. Accessibility to health care facilities in Montreal Island: an application of relative accessibility indicators from the perspective of senior and non-senior residents. Int J Health Geogr. 2010;9:52. https://​doi.​org/​10.​1186/​1476-072X-9-52.

	31.
Cheng Y, Wang J, Rosenberg MW. Spatial access to residential care resources in Beijing, China. Int J Health Geogr. 2012;11:32. https://​doi.​org/​10.​1186/​1476-072X-11-32.

	32.
Dotse-Gborgbortsi W, Wardrop N, Adewole A, et al. A cross-sectional ecological analysis of international and sub-national health inequalities in commercial geospatial resource availability. Int J Health Geogr. 2018;17:14. https://​doi.​org/​10.​1186/​s12942-018-0134-z.

	33.
Freyssenge J, Renard F, Schott AM, et al. Measurement of the potential geographic accessibility from call to definitive care for patient with acute stroke. Int J Health Geogr. 2018;17:1. https://​doi.​org/​10.​1186/​s12942-018-0121-4.

	34.
Madsen KB, Ersbøll AK, Olsen J, et al. Geographic analysis of the variation in the incidence of ADHD in a country with free access to healthcare: a Danish cohort study. Int J Health Geogr. 2015;14:24. https://​doi.​org/​10.​1186/​s12942-015-0018-4.

	35.
Atem AJ, Campbell J, Guerra-Arias M, et al. Mapping for maternal and newborn health: the distributions of women of childbearing age, pregnancies and births. Int J Health Geogr. 2014;13:2. https://​doi.​org/​10.​1186/​1476-072X-13-2.

	36.
Nesbitt RC, Gabrysch S, Laub A, et al. Methods to measure potential spatial access to delivery care in low- and middle-income countries: a case study in rural Ghana. Int J Health Geogr. 2014;13:25. https://​doi.​org/​10.​1186/​1476-072X-13-25.

	37.
McGrail MR. Spatial accessibility of primary health care utilising the two step floating catchment area method: an assessment of recent improvements. Int J Health Geogr. 2012;11:50. https://​doi.​org/​10.​1186/​1476-072X-11-50.

	38.
Pilkington H, Blondel B, Drewniak N, et al. Choice in maternity care: associations with unit supply, geographic accessibility and user characteristics. Int J Health Geogr. 2012;11:35. https://​doi.​org/​10.​1186/​1476-072X-11-35.

	39.
WHO. World health statistics 2018: monitoring health for the SDGs, Sustainable Development Goals. Geneva: World Health Organization; 2018. https://​apps.​who.​int/​iris/​handle/​10665/​272596.

	40.
Kaminsky E, Höglund AT. Swedish Healthcare Direct managers’ views on gender (in)equity: applying a conceptual model. Int J Equity Health. 2019;18:114. https://​doi.​org/​10.​1186/​s12939-019-1011-5.

	41.
Yakerson A. Women in clinical trials: a review of policy development and health equity in the Canadian context. Int J Equity Health. 2019;18:56. https://​doi.​org/​10.​1186/​s12939-019-0954-x.

	42.
Tan ST, Quek RYC, Haldane V, Koh JJK, Han EKL, Ong SE, Chuah FLH, Legido-Quigley H. The social determinants of chronic disease management: perspectives of elderly patients with hypertension from low socio-economic background in Singapore. Int J Equity Health. 2019;18(1):1. https://​doi.​org/​10.​1186/​s12939-018-0897-7.

	43.
Mutyambizi C, Pavlova M, Hongoro C, et al. Incidence, socio-economic inequalities and determinants of catastrophic health expenditure and impoverishment for diabetes care in South Africa: a study at two public hospitals in Tshwane. Int J Equity Health. 2019;18:73. https://​doi.​org/​10.​1186/​s12939-019-0977-3.

	44.
Lam ND, Anh ND, Ha NTT, et al. Socioeconomic inequalities in post-natal health checks for the newborn in Vietnam. Int J Equity Health. 2019;18:128. https://​doi.​org/​10.​1186/​s12939-019-1029-8.

	45.
Rodríguez-Sanz M, Gotsens M, Marí dell’Olmo M, et al. Trends in mortality inequalities in an urban area: the influence of immigration. Int J Equity Health. 2019;18:37. https://​doi.​org/​10.​1186/​s12939-019-0939-9.

	46.
Ilinca S, Di Giorgio L, Salari P, et al. Socio-economic inequality and inequity in use of health care services in Kenya: evidence from the fourth Kenya household health expenditure and utilization survey. Int J Equity Health. 2019;18:196. https://​doi.​org/​10.​1186/​s12939-019-1106-z.

	47.
Gutiérrez JP, Leyva Flores R, Aracena Genao B. Social inequality in sexual and reproductive health in Ecuador: an analysis of gaps by levels of provincial poverty 2009–2015. Int J Equity Health. 2019;18:49. https://​doi.​org/​10.​1186/​s12939-019-0951-0.

	48.
Kabia E, Mbau R, Oyando R, et al. “We are called the et cetera”: experiences of the poor with health financing reforms that target them in Kenya. Int J Equity Health. 2019;18:98. https://​doi.​org/​10.​1186/​s12939-019-1006-2.

	49.
Wiseman V, Thabrany H, Asante A, et al. An evaluation of health systems equity in Indonesia: study protocol. Int J Equity Health. 2018;17:138. https://​doi.​org/​10.​1186/​s12939-018-0822-0.

	50.
Jang SN, Kawachi I. Care inequality: care received according to gender, marital status, and socioeconomic status among Korean older adults with disability. Int J Equity Health. 2019;18:105. https://​doi.​org/​10.​1186/​s12939-019-1008-0.

	51.
Li M, Katikireddi SV. Urban-rural inequalities in suicide among elderly people in China: a systematic review and meta-analysis. Int J Equity Health. 2019;18:2. https://​doi.​org/​10.​1186/​s12939-018-0881-2.

	52.
Williamson A, Gibberd A, Hanly MJ, et al. Social and emotional developmental vulnerability at age five in Aboriginal and non-Aboriginal children in New South Wales: a population data linkage study. Int J Equity Health. 2019;18:120. https://​doi.​org/​10.​1186/​s12939-019-1019-x.

	53.
Tesfaye B, Mathewos T, Kebede M. Skilled delivery inequality in Ethiopia: to what extent are the poorest and uneducated mothers benefiting? Int J Equity Health. 2017;16:82. https://​doi.​org/​10.​1186/​s12939-017-0579-x.

	54.
Liu K, Subramanian SV, Lu, C. Assessing national and subnational inequalities in medical care utilization and financial risk protection in Rwanda. Int J Equity Health. 2019;18:51. https://​doi.​org/​10.​1186/​s12939-019-0953-y.



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		District division administrative disaggregation data framework for monitoring leaving no one behind in the National Health Insurance Fund of Sudan: achieving sustainable development goals in 2030


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/12939_2020_1338_Fig4_HTML.png
X00CE
1

200 00N-

15°00N-1

10°C0N=

ElMaha

North Darfur

K um
Sartr
Ranad BWSoum

((n DafugKaaV’a Sunt3

ordofan
n Abu Jubai

,mS

-%EI Radoom - Ael M
l/ \\_/—- 5
| i o Qi PCAKTea
Gy
0 60 120 240 360 480 600 720 840 960
- Kilometers

The Catchment Area of Health
Care Centers of Districts

LUECHN

Neighborhood
Subdistricts
Districts

Zero

State boundry

p20 0N

f=15" 00N

f=10 0N

25°00°C

T
WO0E

T
Q00T





OEBPS/images/12939_2020_1338_Fig2_HTML.png
/.0

6.0

5.0

4.0

3.0

2.0

1.0

0.0

F ST LTRSS S S S S S S S
SO L ST H TSI ITTLLF IS S S
I W TIPS LOO0
S AR\ S8 & E

M State Utilization Rate
i Neighborhood Catchment Area Utilization Rate
® More Than Neighborhood Catchment Area Utilization Rate





OEBPS/css/envelope.png





OEBPS/images/12939_2020_1338_Fig3_HTML.png
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

< g . & 3 & <

R N G N TIONIE S O S S

»® & & & e @ P FEFF PP
& N 4 N RN © & & & S
& \ "N N )
N v 9 $ A A S & X (5
T T &S N

$o<\ O N

M Poor Neighborhood Catchment Area Utilization Rate
Rich Neighborhood Catchment Area Utilization Rate
M Poor More Than Neighborhood Catchment Area Utilization Rate

H Rich More Than Neighborhood Catchment Area Utilization Rate





OEBPS/images/12939_2020_1338_Fig6_HTML.png
werk L 24214
A A

WOTH

Density of Poor
Insured Population

I very_High 80-100%
B +iign 60-79%
[ moderate 40-59%

0 9 190 380 570 - [ untargeted Districts
S [0 state bouncary

L
ot






OEBPS/images/12939_2020_1338_Fig5_HTML.png
N
w¢‘au
S
200N = 20" 00N
woend Bl TidKOMBE R e el T = 15"00N
El Gene
Density of Insured
Population
[ Moderate
10°00N _I Low |- 100N
B Very low
Untargeted Districts
0 60 120 240 360 480 600 720
Ki State boundry
25‘(‘70‘( l"g’ﬂ‘t 36‘;01 Q'00E





OEBPS/css/sidebar.gif





OEBPS/images/12939_2020_1338_Fig1_HTML.png
Zero . Density of insured
(District without a health care center) population affects the

e ®—> distribution of health
District (Each district has a health care center) care centers

K
Subdistrict e
(Each subdistrict has a health care center) Catchment area of a

health care center affects
Neighborhood [ its the accessibility to the
(Each group of neighborhoods insured population
has a health care center)

A

Access of the insured

population affects the
aiheslthicareicenter utilization of health care
services






