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Spatial distribution and determinants of Vitamin A supplementation non-receipt among children aged 6–35 months in Ethiopia: a multiscale geographically weighted regression analysis
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Background: Vitamin A supplementation is an important public health intervention strategy to reduce childhood morbidity and mortality. However, in Ethiopia, the coverage remained low with significant regional disparities. Hence, this study aimed to explore the spatial distribution and determinants of not receiving Vitamin A supplements among children aged 6–35 months.

Methods: This study utilized the 2019 Ethiopia Mini Demographic and Health Survey data conducted from March to June 2019. A total weighted sample of 2,540 children aged 6–35 months were included in the analysis. Data was managed and analyzed using STATA version 17, ArcGIS version 10.7.1, SaTScan v10.1, and MGWR version 2.2 software. A spatial autocorrelation analysis was performed to assess whether cases of failed to have Vitamin A supplements were randomly distributed or not. Hotspot analysis was performed to identify high or low prevalence, and ordinary kriging was utilized for interpolation. Furthermore, the Bernoulli-based model was used to identify the most likely clusters of not having Vitamin A supplementation by SaTScan analysis. Finally, the Geographical weighted regression and the Multiscale Geographical weighted regression analysis models were fitted to identify the spatially varying determinants of not receiving Vitamin A supplementation.

Result: As the spatial analysis showed, the distribution of not having Vit-A supplements among children 6–35 months in Ethiopia was spatially varied. Clusters with the highest prevalence were identified in Sidama, Southern Nations, Nationalities, and Peoples’ Region, and some parts of Oromia. The scan statistics recognized a total of 44 primary clusters located in Sidama, Southern Nations, Nationalities, and Peoples’ Region, Southwest Ethiopia, and some parts of Oromia (Relative risk = 1.5, p-value < 0.001). The spatial regression analysis showed that the observed geographical variation of not having a vitamin A supplement was associated with being from an uneducated mother, being from a female household head, being from a poor/poorer household, being the first child, a female child, and a child aged 6–23 months.

Conclusion: The study reveals significant geographical variation in the prevalence of not having Vitamin A supplements among children aged 6–35 months in Ethiopia. Sociodemographic factors like being from uneducated mothers, poor households, children aged 6–23, and first-born children were found to be some of the determining factors for the disparity. Hence, the need for region-specific public health interventions is highly encouraged to improve the coverage of vitamin A supplementation in Ethiopia.
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Background

Vitamin A (Vit-A) is one of the essential micronutrients required for vision, immune function, and maintenance of epithelial tissues (1). Vit-A also plays a role in cellular communication, growth regulation, and embryonic development. It has an antioxidant effect and promotes cell turnover and repair, aiding skin health (2). When the intake of Vit-A is inadequate to meet physiological requirements, it would result in a deficiency syndrome. Its severe deficiency may result in several significant health issues, including eye damage with childhood blindness, and growth retardation in children. Vitamin A deficiency also increases the severity of infections such as measles and diarrheal disease in children and slows recovery from illness (3, 4).

The World Health Organization (WHO) report states that 190 million preschoolers and 19 million pregnant mothers worldwide were exposed to Vit-A deficiency (5). It is generally acknowledged as a significant public health issue in low- and middle-income countries (4). In those nations, the deficiency is most likely to affect infants and pregnant mothers. It generally affects about one-third of under-five children, accounting for 2% of deaths in this age group (6). Despite greater efforts to reduce the incidence and impact of Vit A deficiency, the issue persists as a public health problem in developing countries, including Ethiopia, due to disparities in the food carrier, medical treatment, economy, and availability of other nutrients (7).

In countries where Vit-A deficiency is high and the under-five mortality rate exceeds 70 per 1,000 live births, the WHO recommended a semi-annual high-dose Vit-A supplement to children 6 to 59 months of age, with a targeted coverage rate of 80% (8). However, the coverage in risky areas of the world is still inadequate. According to a recent estimate based on different DHS surveys, nearly half of preschoolers in Sub-Saharan Africa did not receive the supplement. In the adequately supplemented areas, it reduced the risk of all-cause death by 12% compared to non-supplemented controls, leading to a significant reduction in child morbidity and mortality in the long run. The intervention also resulted in a 15% reduction in diarrhea incidence, a 50% decrease in measles incidence, and a 12% reduction in diarrhea-related mortality (6, 9).

Supplementation of Vit-A for children is often integrated with routine immunization programs and vaccination campaigns, providing additional benefits through enriched breast milk delivery. In Ethiopia, the government has carried out widespread Vit-A supplementation campaigns in collaboration with foreign organizations. A regular delivery of high-dose Vit-A oral supplements has been implemented in preschool children through the campaign-based approach. The program has been implemented since 2004, resulting in an improvement in the coverage (10). However, the supplementation coverage has continually become low (11–14) since the campaign-based delivery was replaced by a routine delivery system in 2010 (15). According to the DHS report, the national coverage of receiving the supplement for eligible children was 56% in 2011 and 45% in 2016 (16, 17). The proportion was even very low in certain areas of the country.

Even though national efforts have been undertaken to improve the coverage, a high proportion of eligible children in Ethiopia have not received this essential supplement, which increases the risk of morbidity and mortality. Hence, exploring the spatial distribution and its important local determinants is credible. By employing a spatial analysis model, this study would offer the identification of a high-risk area and regionally varying socioeconomic/demographic factors that could affect the likelihood of not obtaining a Vit-A supplement. Identifying the specific locations and local determinants is used for designing targeted and area-specific interventional strategies that may tackle the distinct barriers encountered by different regions.



Methods and materials


Data source and study area

This research was based on the 2019 Ethiopia Mini Demographic and Health Survey (EMDHS), which was carried out between March and June of 2019. The Federal Ministry of Health (FMoH), the Central Statistical Agency (CSA), and the Ethiopian Public Health Institute (EPHI) collaborated to conduct the program. The Ethiopia Demographic and Health Survey is nationally representative conducted every 5 years in Ethiopia. Ethiopia has 9 regional states (Afar, Amhara, Benishangul-Gumuz, Gambela, Harari, Oromia, Somali, Southern Nations, Nationalities, and People’s Region (SNNP), and Tigray) and two Administrative Cities (Addis Ababa and Dire-Dawa). The data were downloaded from the DHS program website, https://dhsprogram.com/data/dataset, after permission had been obtained. Only this study used the accessed data, and no third party was given access without first registering.



Sampling procedure

The sampling frame for the 2019 EMDHS was based on the 2019 Ethiopia Population and Housing Census (EPHC) conducted by the Central Statistical Agency (CSA) of Ethiopia (18). The census frame included a complete list of 149,093 enumeration areas (EAs), which contained information on EA location, type of residence (urban or rural), and the estimated number of residential households. Administratively, Ethiopia is divided into nine regions and two administrative cities, and the sample was designed to provide estimates at the national level, for urban and rural areas separately, and for each region and administrative city.

The survey utilized a two-step stratified cluster sampling procedure. In the first stage, each of the nine regions and two administrative cities was divided into urban and rural areas, yielding 21 sampling strata. Within each stratum, enumeration areas (EAs) were selected independently using probability proportional to size, with implicit stratification and proportional allocation applied at lower administrative levels by sorting the sampling frame within each stratum. To ensure comparable survey precision, 25 EAs were selected from each of the eight regions, while 35 EAs were selected from each of the three larger regions, Amhara, Oromia, and SNNPR, resulting in a total of 305 EAs (93 urban and 212 rural EAs, with probability corresponding to EA size). In the second stage, after a complete household listing in each EA, a fixed number of 30 households per cluster were selected using systematic sampling. Interviews were available for all mothers or caregivers aged 15 to 49 who were either long-term residents of the chosen homes or visitors who spent the night before the survey (18) (Figure 1).
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FIGURE 1
 Sampling producer of non-receipt of Vit-A supplement among children aged 6–35 months in Ethiopia, EMDHS 2019.




Study population and data extraction

The source population for this study was children of the age range 6–35 months old who lived with the respondent (women aged 15–49 years). Different datasets, including those on males, women, children, births, and households, were included in the survey. We used the Kids Record dataset (KR file). Finally, a total of 2,540 weighted children aged 6–35 months were taken into account for the analysis.



Study variables

All variables in this study were selected from peer-reviewed literature and the 2019 EMDHS. These variables were coded and categorized based on the Demographic and Health Survey (DHS-7) recode manual.

The outcome variable was not receiving Vit A supplement. This outcome data was collected from mothers’ direct verbal reports, whether their children had taken vitamin A capsules or not.

The predictor variables were child age, child sex, child twin status, parity, place of delivery, ANC visit, PNC visit, residence, maternal age, current marital status, maternal educational level, religion, household wealth index status, sex of household head, and media exposure.



Data management and analysis

Before any analysis, the data were weighted to ensure the representativeness of the sample and to obtain a reliable statistical estimate. The STATA version 17 software was used for descriptive analysis and management. Descriptive statistics, including percentages and frequencies, were applied to describe the background of the study participants. ArcGIS version 10.7.1, SaTScan v10.1 software, and MGWR version 2.2 were used for spatial data analysis.



Spatial autocorrelation analysis

Global Moran’s I measure was used to verify whether non-receipt of Vit- A supplement was clustered, dispersed, or randomly distributed in Ethiopia. Global Moran’s I calculates Moran’s I Index value, Z score & p value. Moran’s I index close to −1 means cases not receiving Vit-A supplement were dispersed, whereas close to 1 indicates that cases are clustered and not receiving Vit-A supplement distributed randomly if the I value was zero. Statistically significant Z-score and p value≤0.05 indicated the existence of clustering. Statistically non-significant Moran’s I value (if p value>0.05) indicates cases of not receiving Vit-A supplements were randomly distributed throughout the country.



Hotspot analysis

Hotspot analysis was performed by calculating the GI* statistic (Getis-OrdGi* statistic for each area and statistical outputs with high GI* indicate “hotspot” areas, while low GI* indicates “cold spot” areas). The GI* statistic is a z-score. A high Z score and a small p-value for a feature suggest a significant hotspot. A significant cold spot area was indicated by a small p-value and a low negative z-score. The intensity of the clustering increases with a greater (or lower) z score. A z-score near zero means no spatial clustering. Thus, using this methodology, statistically significant regional clusters of high values (hotspots) and low values (cold spots) of children aged 6–35 months not getting Vit-A supplements were identified.



Spatial scan statistical analysis

We performed a Bernoulli-based spatial scan analysis to identify the geographic locations of statistically significant clusters for non-receipt of Vit-A supplement among children 6–35 months using SaTScan™ software version 10.1.3. The spatial scan statistic uses a circular scanning window that includes statistically significant spatial clusters for Vit-A supplementation non-receipt. Children aged 6–35 months old who had not received Vit-A supplements were included in the model as cases, and children who received included in the control group. A binary variable with values of 0 and 1 was employed. The circle with the highest likelihood was the primary cluster (most likely cluster). The remaining significant clusters are considered secondary clusters, which are generated by removing the primary clusters automatically in the SaTScan software and by selecting no geographic overlap during analysis, and we ordered them according to their likelihood ratio test statistics. The maximum cluster size was set at 50% of the population at risk (19). For each cluster, the relative risk (RR), population, location radius, cases, and log-likelihood ratio (LLR) test statistics with p-value were presented.



Spatial interpolation

Spatial interpolation is a process in which a map surface is created by estimating the values at unsampled points based on known values of the surrounding sampled points (20). Among the various methods of interpolation, the Ordinary Kriging technique was used in this study to predict the likelihood of not receiving Vit- A supplements among children aged 6–35 in unobserved areas.



Spatial regression

To identify factors affecting the observed regional variations in not receiving Vit-A supplements, we employed spatial regression analysis’s global and local modeling approaches.



Global spatial regression

The ordinary least squares (OLS) regression analysis is a global model that was applied as a preliminary test of the correlation between the dependent and independent variables It assumes a stationary and constant relationship over space, which implies that the relationships do not vary over space [i.e., it predicts only one coefficient per independent variable over the entire research area (21)]. Then, model performance and assumptions were assessed using R-square, VIF, autocorrelation of residuals, anticipated sign for coefficients, and Koenker and Jarque-Bera test statistics.

The OLS model equation is as follows:

Y = β0 + β1X1 + β2X2……. βnXn + ε, where β0 intercept (coefficient without explanatory variables), β1 to βn are coefficients for X1 to Xn explanatory variables and ε is the residual.



The local spatial regression model

A local form of regression called geographically weighted regression (GWR) is used to model relationships that vary in space. GWR is used when the Koenker statistics are significant, suggesting that the associations between the covariates and the outcome vary from location to location. It assumes that the explanatory factors and the outcome have nonstationary spatial correlations, with coefficients changing at about the same pace throughout the research region. Moreover, it only employs a single constant bandwidth (22).


The model equation for GWR is as follows:

𝑦𝑖 = 𝛽0𝑖 + 𝛽1𝑖𝑥1𝑖 + 𝛽2𝑖𝑥2𝑖+ … + 𝛽𝑘𝑖𝑥𝑘𝑖 + 𝜀 𝑖, where 𝑦𝑖 is the value of the dependent variable at location 𝑖, 𝛽0𝑖 is the local intercept, 𝑥𝑘𝑖 is the observation of the 𝑘th explanatory variable at location 𝑖, 𝛽𝑘𝑖 is the 𝑘th coefficient estimate calibrated for location i, and 𝜀𝑖 is the random error term for 𝑖 = {1, 2….n (22).

We also applied the Multiscale Georgical Weighted Regression (MGWR) model to calibrate the parameter estimates of GWR using MGWR version 2.2. The MGWR is an extension of GWR that allows different processes to vary over space at different spatial scales. Rather than using a single, constant bandwidth across the whole study region, this model uses multiple bandwidths and allows the relation between the dependent and independent variables to vary spatially across many spatial scales. The adaptive bi-square kernels were utilized for geographical weighting to estimate local parameter estimates. The golden section search method was applied to determine the optimal bandwidth size based on the AICc.


The MGWR model is specified as follows:
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where 𝑦𝑖 is the value of the predictor variable at location 𝑖, 𝛽0𝑖 is the local intercept, 𝑥𝑘𝑖 is the observation of the 𝑘th explanatory variable at location 𝑖, 𝛽𝑘𝑖 is the 𝑘th coefficient estimate calibrated for location i, and 𝜀𝑖 is the random error term for 𝑖 = (1, 2, …n). Except for the label bw, which indicates the various bandwidths for each variable, the parameters are the same with GWR (23). Model performance was compared using corrected Akaike’s Information Criterion (AICc) and Adjusted R-squared (24).

Ethical consideration.

The data were downloaded from the DHS program website, https://dhsprogram.com/data/dataset, after permission had been obtained. The title and concept note of the research proposal were sent via the DHS website to register and obtain authorization to access the data set. Then, permission to utilize the EMDHS data was obtained through an authorization letter from ICF International. Residential addresses or names were not included in the dataset.




Result


Background characteristics of the study participants

This study included a weighted sample of 2,540 children aged 6–35 months, with a mean age of 20.13 ± 8.36. About 59.5% of the children were in the age group 6–23 months, and of the total participants, 1,298 (51.1%) were male. Most of the participants, 1863 (73.3%), were residing in rural areas. More than half of the children’s mothers, 1362 (53.6%), were in the age group 25–34, and nearly half of the mothers, 1,250 (49.2%), were not attending education. A detailed description is presented in Table 1.


TABLE 1 Background characteristics of the study participants, Vit-A supplement non-receipt among children aged 6–35 months in Ethiopia, EMDHS 2019.


	Variables
	Weighted frequency (N)
	Percentage (%)

 

 	Child age (in months) 	6–23 	1,513 	59.5


 	24–35 	1,028 	40.5


 	Child Sex 	Female 	1,242 	48.9


 	Male 	129 	51.1


 	Child twin status 	Single 	2,492 	98.1


 	Multiple 	49 	1.9


 	Residence 	Urban 	678 	26.7


 	Rural 	1863 	73.3


 	Maternal age 	15–24 	687 	27.0


 	25–34 	1,362 	53.6


 	35–49 	491 	19.4


 	Current marital status 	Married/living with a partner 	2,424 	95.4


 	Other 	117 	4.6


 	Place of delivery 	Home delivery 	1,224 	48.2


 	Institutional delivery 	1,317 	51.8


 	Parity 	1–2 	1,053 	41.4


 	3–5 	919 	36.2


 	> = 6 	569 	22.4


 	Number of ANC visits 	No ANC visit 	560 	22.0


 	1–3 visit 	725 	28.5


 	> = 4 visit 	992 	39.0


 	PNC visit 	No 	1937 	76.2


 	Yes 	330 	13.0


 	Maternal educational level 	No education 	1,250 	49.2


 	Primary 	967 	38.1


 	Secondary 	211 	8.3


 	Higher 	113 	4.4


 	Religion 	Orthodox 	877 	34.5


 	Catholic 	11 	0.4


 	Protestant 	700 	27.6


 	Muslim 	912 	35.9


 	Traditional/Other 	40 	1.6


 	Household wealth index status 	Poorer/Poorest 	1,087 	42.8


 	Middle 	497 	19.6


 	Richer/Richest 	956 	37.6


 	Sex of household head 	Male 	2,205 	86.8


 	Female 	336 	13.2


 	Household media exposure 	No Media Exposure 	1,645 	64.8


 	Have Media Exposure 	895 	35.2


 	Region 	Tigray 	167 	6.6


 	Afar 	39 	1.5


 	Amhara 	518 	20.4


 	Oromia 	1,001 	39.4


 	Somali 	167 	6.6


 	Benishangul 	31 	1.2


 	SNNPR 	503 	19.8


 	Gambela 	11 	0.4


 	Harari 	8 	0.3


 	Addis Adaba 	83 	3.2


 	Dire Dawa 	14 	0.6




 



Prevalence of non-receipt of Vit-A supplement

About 53.2% (95% CI: 51.0, 55.1%) of children aged 6–35 months had not received vitamin A supplements in the 6 months before the survey. Most of cases, 1,017 (75.3%), were from rural residents (Table 2).


TABLE 2 Prevalence of Vit-A supplement non-receipt among children aged 6–35 months in Ethiopia, EMDHS 2019.


	Variables
	Vitamin A supplementation - Weighted frequency (N), %



	No (N (%))
	Yes (N (%))

 

 	Child age (in months) 	6–23 	841 (55.6%) 	672(44.4%)


 	24–35 	510 (49.6%) 	518 (50.4%)


 	Child Sex 	Male 	693 (53.3%) 	606 (46.7%)


 	Female 	658 (53.0%) 	584 (47.0%)


 	Residence 	Urban 	334 (49.3%) 	343 (50.7%)


 	Rural 	1,017 (54.6%) 	846 (45.4%)


 	Region 	Tigray 	62 (37.1%) 	105 (62.9%)


 	Afar 	23 (59.0%) 	16 (41.0%)


 	Amhara 	204 (39.4%) 	314 (60.6%)


 	Oromia 	550 (54.9%) 	451 (45.1%)


 	Somali 	128 (76.6%) 	39 (23.4%)


 	Benishangul 	11 (36.7%) 	19 (63.3%)


 	SNNPR 	314 (62.4%) 	189 (37.6%)


 	Gambela 	4 (36.4%) 	7 (63.6%)


 	Harari 	4 (50.0%) 	4 (50.0%)


 	Addis Adaba 	45 (54.9%) 	37 (45.1%)


 	Dire Dawa 	6 (40.0%) 	9 (60.0%)


 	 	1,351 (53.2%) 	1,189(46.8%)




 



Spatial distribution of non-receipt of vitamin A supplement

In Ethiopia, the spatial distribution of Vit A non-receipt among children 6–35 months of age was nonrandom. Across the country, it was spatially clustered with Global Moran’s I value of 0.305032 (p < 0.001) and a z-score of 6.818703, which indicated that there is less than 1% probability of the cluster due to the result of chance (Figure 2). Incremental spatial autocorrelation was performed to identify the maximum clustering. At a starting distance of 155207.63 meters, a total of 20 distance bands were detected, and the first maximum peak (clustering) was noted at 275416.39 meters (z value: 22.045291) (Supplementary file 1). Figure 3 displays the geographical distribution of non-receipt of Vit A supplements in Ethiopia among children 6–35 months of age.

[image: Spatial autocorrelation report featuring a bell curve illustrating significance levels with sections marked as significant and random. Moran’s Index is 0.305032, z-score is 6.818702, and p-value is 0.000000. A color-coded legend shows critical z-score ranges. Below the curve are maps labeled Dispersed, Random, and Clustered, with the Clustered map highlighted. A note states there is less than 1% likelihood that the clustered pattern is due to random chance.]

FIGURE 2
 Spatial autocorrelation analysis of non-receipt of Vit-A supplement among children aged 6–35 months in Ethiopia, EMDHS 2019.


[image: Map of Ethiopia showing Vitamin A non-receipt proportions by region. Dots in varying colors indicate ranges from 0.0% to 100.0%, with clusters in regions like Addis Ababa, Oromia, and Somali. A legend explains the color coding.]

FIGURE 3
 Spatial distribution of non-receipt of Vit-A supplement among children aged 6–35 months in Ethiopia, EMDHS 2019.




Hot spot analysis of non-receipt of Vit-A supplement

The hot spot analysis was performed to identify high-risk areas for not receiving Vit-A supplements. The red color, which indicates the significant hotspot areas (high prevalence of non-receipt of Vit-A supplement) was found in Sidama, SNNPR, and some parts of Oromia. Whereas the blue color indicates the cold spot area (low prevalence of non-receipt of Vit-A Supplement), which was found in Dire Dawa, Harari, Benshangul Gumz, and Gambella Regions (Figure 4).

[image: Map of Ethiopia showing Vitamin A non-receipt hotspots and cold spots. Red, orange, and green dots indicate hot spots with various confidence levels, while blue and gray dots depict cold spots. Key regions such as Addis Ababa, Oromia, and Somali are marked. A legend on the right explains the color codes for different confidence levels.]

FIGURE 4
 Hot spot analysis of not receiving Vit-A supplementation among children aged 6–35 months in Ethiopia, EMDHS 2019.




Spatial interpolation

Spatial interpolation was carried out to estimate the expected area of non-receipt of Vit-A supplements at unsampled sites within an area covered by the current observation. Based on the EMDHS 2019 sampled data, spatial interpolation predicted the highest rates of not receiving Vit-A supplement in children aged 6–35 months in Oromia and some parts of Sidama. In contrast, the lowest prevalence was predicted in most of the Amhara, Somali, Gambella, Afar, Harer, Diredawa, Benshangul Gumz, Tigray, and some parts of the Southwest Ethiopia Region (Figure 5).

[image: Map of Ethiopia displaying regions with a Kriging value overlay. Different color shades represent value ranges, from light green to pink, as indicated in the legend. Notable regions and cities labeled include Tigray, Amhara, Addis Ababa, Oromia, and Somali. A scale bar and compass rose are present.]

FIGURE 5
 Interpolated spatial distribution of not receiving Vit-A among children 6–35 months in Ethiopia, EMDHS 2019.




Spatial sat scan analysis

A total of 66 significant clusters were identified, of which 44 were most likely (primary) clusters and 22 were secondary clusters. The spatial window for the primary clusters was located in Sidama, SNNP, Southwest Ethiopia, and some parts of Oromia. It was found at (6.745024 N, 37.662745 E)/(241.91 km) radius. In the primary cluster, 610 (68.1%) of children 6–35 months have not received Vit-A supplement, and those children in this cluster were 1.5 times more likely not to receive Vit-A supplement compared with those outside this window (RR = 1.5, LLR = 61.36; p-value<0.001). The second most likely SaTScan cluster covered mainly the Somali region and the eastern and southeastern Oromia region, which was located at (5.856584 N, 43.726016 E)/(402.89 km) radius. Clusters in the second SaTScan window were also 1.51 times more likely not to receive Vit-A compared with those outside this window (RR = 1.51, LLR = 22.53; p-value<0.001) (Supplementary file 2) and (Figure 6).

[image: Map of Ethiopia showing SaTScan analysis with various color-coded circles representing different Log-Likelihood Ratio (LLR) values. Regions include Tigray, Amhara, and Benishangul Gumz. Circles highlight areas such as South West Ethiopia, SNNP, and Somali. A legend indicates LLR ranges from 2.87 to 61.64. A north arrow and scale in kilometers are included.]

FIGURE 6
 Spatial scan analysis of not receiving Vit-A supplement among children aged 6–35 months in Ethiopia, EMDHS 2019.


Spatial regression analysis for factors affecting spatial variations of non-receipt of Vit-A supplement among children aged 6–35 months.



Results from ordinary least squares (OLS)

The OLS model was employed to investigate the assumptions of spatial regression and the coefficients of selected predictor variables (Table 3). The model yields statistically significant results as evidenced by the Joint F-statistic and Wald Statistic (p-value <0.001). The model explained 85.33% of the variation in not receiving Vit-A supplements among children aged 6–35 months (Adjusted R2 = 0.853305) with Akaike’s Information Criterion (AICc) 1505.93. Furthermore, the Koenker (BP) statistics were also found to be statistically significant, indicating that the relationships modeled between the outcome variable and predictor variables are not consistent (either due to non-stationarity or heteroskedasticity). Hence, the local models were used as they assume that there is spatial heterogeneity between the independent and dependent variables. Moreover, residuals were not spatially clustered in locations (Global Moran’s I index value: 0.030339, p-value: 0.460773, z-score: 0.737574).


TABLE 3 Ordinary least square (OLS) model parameter estimate of not receiving Vit- A among children aged 6–35 months in Ethiopia, EMDHS 2019.


	Variable
	Coefficient
	StdError
	t-Statistic
	Probability
	Robust_SE
	Robust_t
	Robust_Pr
	VIF

 

 	Intercept 	−0.018401 	0.202904 	−0.090689 	0.927788 	0.143779 	−0.127982 	0.898239 	--------


 	Maternal age 15–24 	0.130182 	0.091720 	1.419345 	0.156866 	0.168630 	0.771997 	0.440725 	5.681984


 	No maternal education 	0.227024 	0.054368 	4.175666 	0.000044* 	0.100337 	2.262599 	0.024374* 	4.727874


 	Protestant 	0.211838 	0.029352 	7.217171 	0.000000* 	0.057843 	3.662272 	0.000307* 	1.774631


 	Rural resident 	0.014296 	0.034660 	0.412450 	0.680322 	0.070104 	0.203918 	0.838556 	4.521284


 	Female household head 	0.184009 	0.088174 	2.086879 	0.037748* 	0.187570 	0.981016 	0.327378 	1.630764


 	Poorer/poorest household 	0.255335 	0.052552 	4.858704 	0.000003* 	0.111821 	2.283437 	0.023102* 	5.053190


 	Parity one 	0.252603 	0.057368 	4.403171 	0.000018* 	0.120026 	2.104575 	0.036164* 	4.361378


 	Female child sex 	0.466447 	0.064059 	7.281483 	0.000000* 	0.103659 	4.499829 	0.000012* 	5.849981


 	Child age 6–23 months 	−0.366018 	0.068660 	−5.330855 	0.000000* 	0.139379 	−2.626064 	0.009083* 	4.859130







	OLS model diagnostics



	Diagnostic criteria
	Values
	Pr-

 

 	Akaike’s Information Criterion (AICc) 	1505.935552 	–


 	Multiple R-Squared 	0.857648 	–


 	Adjusted R-Squared 	0.853305 	–


 	Joint F-Statistic 	197.480115 	0.000000*


 	Joint Wald Statistic 	599.063261 	0.000000*


 	Koenker (BP) Statistic 	95.176034 	0.000000*


 	Jarque-Bera Statistic 	197.480115 	0.000000*




 

As each explanatory variable had a VIF of less than 7.5, we did not observe evidence of multicollinearity. All the coefficients of predictor variables have either negative or positive values, and some of them were statistically significant. Since the Koenker (BP) Statistic was statistically significant (p-value: 0.001), we relied on the Robust Probabilities (Robust_Pr) to determine coefficient significance.

The OLS regression analysis result showed that being from an uneducated mother, a protestant follower, being from a female household head, being from a poor/poorer household wealth status, being the first child, and a child aged 6–23 months were the significantly associated predictors for not receiving Vit-A supplement (Table 3). Child aged 6–23 months was negatively associated, but the remaining variables were positively related to not receiving Vit-A supplements.



Geographically weighted regression analysis (GWR) and the multiscale extension (MGWR)

From the OLS regression analysis result, the Koenker (BP) and Jarque-Bera Statistic were statistically significant, indicating non-stationary among variable relationships and non-normal distribution of residuals, respectively. Thus, the OLS model prediction was biased. Therefore, we applied a spatially nonstationary local modeling approach namely GWR and MGWR, using the same sets of explanatory variables utilized in the OLS model. Both the local models explore the local spatial variation in relation to the outcome variable.

Since the GWR model can estimate the relationship between variables having different coefficients for each geographic unit, it is possible to map where the relations are weak and strong, significant and insignificant. Nevertheless, the GWR considers a single bandwidth for all parameters and operates at that single spatial scale. To overcome this limitation, a Multiscale Geographically Weighted Regression (MGWR) model was used. The model allows the geographic variation of the relationship between dependent and explanatory variables, considering multiple bandwidths. Model diagnostic information is presented in Table 4.


TABLE 4 Diagnostic information for the GMR and MGWR models for non-receipt of Vit-A supplement among children 6–35 months in Ethiopia, EMDHS 2019.


	Explanatory variables
	Maternal age 15–24, no maternal education, protestant follower, rural resident, female household head, poor/poorer wealth status, parity one, female, child age

 

 	GWR


 	Neighbors 	135


 	Residual Squares 	1077.264855


 	Effective Number 	51.44941


 	Sigma 	2.061242


 	AICc 	1349.417146


 	R-Squared 	0.920393


 	Adjusted R-Squared 	0.920393


 	MGWR


 	Residual sum of squares 	17.888


 	Sigma estimate 	0.265


 	AICc 	124.453


 	R-Squared 	0.941


 	Adjusted R-Squared 	0.930




 

The summary statistics of estimated coefficients of the local terms (MGWR model), as well as the optimal bandwidth for each predictor, are described in Table 5.


TABLE 5 Summary statistics for MGWR parameter estimates.


	Variable
	Mean
	STD
	Min
	Median
	Max
	Bandwidth

 

 	Intercept 	−0.050 	0.166 	−0.320 	−0.109 	0.585 	44.000


 	Maternal age 15–24 	0.107 	0.108 	−0.058 	0.177 	0.225 	127.000


 	No maternal education 	0.385 	0.003 	0.380 	0.384 	0.391 	304.000


 	Protestant 	0.137 	0.004 	0.127 	0.137 	0.141 	304.000


 	Rural 	0.015 	0.002 	0.010 	0.016 	0.019 	304.000


 	Female HH head 	−0.077 	0.064 	−0.171 	−0.092 	0.059 	142.000


 	Poorer/poorest household 	0.103 	0.161 	−0.254 	0.111 	0.434 	46.000


 	Parity one 	0.303 	0.124 	0.070 	0.348 	0.553 	75.000


 	Female child sex 	0.251 	0.004 	0.245 	0.250 	0.259 	304.000


 	Child_Ag_1 	−0.326 	0.058 	−0.388 	−0.357 	−0.177 	145.000




 



Model performance comparison

We compared the performance of the three models using Akaike’s Information Criterion (AICc) and Adjusted R-squared to determine the best model fit. Accordingly, both the GWR and MGWR models demonstrate better performance than the global model. The Adjusted R2 improved from 85.33% in OLS to 92.04% in GWR analysis and 93.0% in MGWR, indicating that the local models better explained the spatial variations of not receiving Vit-A supplement among children 6–35 months in Ethiopia. Furthermore, the AICc value of 1505.93 in OLS was reduced to 1349.42 in GWR, which also indicates a better model fit (Table 6). As the model diagnostics indicate, the MGWR model performed better than the OLS and GWR models and was selected as the best fit. A detailed explanation is depicted in Table 6.


TABLE 6 Model fitness comparison between the global and local models.


	Model comparison parameters
	OLS
	GWR
	MGWR

 

 	Akaike’s Information Criterion (AICc) 	1505.935552 	1349.417146 	294.173


 	Multiple R-Squared 	0.857648 	0.920393 	0.941


 	Adjusted R-Squared 	0.853305 	0.920393 	0.930




 



Mapping the parameter coefficients

Concerning the spatial predictors of not receiving Vit-A supplement among children 6–35 months, both GWR and MGWR models’ covariate estimates were mapped to show their local effect in each neighborhood and their geographical distribution. Accordingly, being from an uneducated mother, having poor wealth status, being the first child, and child aged 6–23 months were strong and weak predictors of not receiving Vit-A supplements among children aged 6–23 months. The coefficient estimates were mapped from bright red (indicating strong association) to green (representing weak association).

The coefficient estimates of being from an uneducated mother spatially vary across the study area, indicating both weak and strong associations. In both the local models, the variable showed a positive association in describing not having Vit-A supplementation (Figures 7A,B) indicating that being from an uneducated mother increases the likelihood of not receiving Vit-A supplement. As illustrated in Figure 7, the variable has the highest coefficient value in Somalia, Diredawa, and Harari regions, implying that it is a strong predictor for not receiving Vit-A supplements in those specified areas. On the contrary, the lowest coefficient value of no maternal education is located in Northeast Oromia, Southwest Ethiopia, and most of Gambela as well as Benshangul Gumz.

[image: Two maps of Ethiopia display coefficient estimates for no maternal education using GWR and MGWR models. Both maps show colored dots representing coefficient values across regions, with a color gradient from green to red. The left map (A) shows GWR estimates with a legend indicating coefficient ranges. The right map (B) shows MGWR estimates with a similar legend. Both include regional boundaries and names, and a scale of 0 to 400 kilometers.]

FIGURE 7
 Local coefficient estimates of no maternal education for not receiving Vit-A supplement among children 6–35 months in Ethiopia, EMDHS 2019.


Figure 8 demonstrated a similar geographic distribution estimate of GWR (A) and MGWR (B) for the child being from a female household head. The coefficient ranged from −0.171 to 0.059 in the MGWR model result, indicating that it tends to have both negative and positive associations with the outcome variable (Figure 8). Overall, the variable has a negative association with not receiving Vit-A supplement, with an average value of −0.077. A higher positive association was observed in Western Afar, Harari, and most of the Somalia region. There were also some positive estimates in Diredawa and Gambela Region.

[image: Map panels A and B display Ethiopia with colored dots indicating GWR and MGWR coefficient estimates for female household heads. Colors range from green to red, denoting negative to positive values. Panel A features GWR estimates, while panel B shows MGWR estimates. Both include regions such as Amhara, Oromia, and Somali. The keys to the right explain the color-coded values.]

FIGURE 8
 Local coefficient estimates of female household heads for not receiving Vit-A supplement among children 6–35 months in Ethiopia, EMDHS 2019.


Figure 9 shows the regression coefficient estimate of being from a poor/poorer household, which describes the spatial variations in the influence of this predictor on not having Vit-A supplement in different Regions. In the MGWR model (Figure 9B), the coefficient estimate ranged from −0.254 to 0.434 with an average value of 0.103 (Table 5). The red-colored cluster points (located central to Northwest Gambela, Southwest Oromia, Southwest Somali, most of SNNP, and Sidama) imply an area where there is a strong positive relationship between poor household wealth status and not receiving Vit-A supplement among children aged 6–35 months. This finding indicates that children who were from poor households were more likely not to receive Vit-A supplements in those mentioned areas.

[image: Two maps of Ethiopia showing GWR and MGWR coefficient estimates for poor/poorer wealth status. Map A on the left displays varying colored dots representing GWR coefficients, with values ranging from negative to positive. Map B on the right shows MGWR coefficients with a similar color scheme. Regions labeled include Tigray, Amhara, Oromia, and more, with a color gradient from green (lower coefficients) to red (higher coefficients). Both maps include a north arrow and a scale in kilometers.]

FIGURE 9
 Local coefficient estimates of poor/poorer household wealth status for not receiving Vit-A supplement among children 6–35 months in Ethiopia, EMDHS 2019.


Figure 10 also proved the GMR- (Figure 10A) and MGWR- (Figure 10B) coefficient estimate for children aged 6–23 months. As the MGWR model result revealed, the parameter estimates for this variable tend to have a range of negative spatial structures, indicating that children aged 6–35 months tend to have a lower chance of not receiving Vit-A supplements across the country. Specifically, the higher negative effect of children aged 6–23 months age on not receiving Vit-A supplements was observed in Northwest Afar, and most parts of Amhara, Tigray, and Afar regions. The GWR parameter estimate also showed spatial heterogeneity. The model showed that children aged 6–35 months tend to have a lower chance of not receiving Vit-A supplements in Southwest Somali, Central Oromia, Addis Ababa, most of Sidama, and SNNP.

[image: Two maps displaying geographic weighted regression (GWR) and multiscale geographic weighted regression (MGWR) coefficient estimates for children aged six to twenty-three months in Ethiopia. Both maps use colored dots to represent different coefficient ranges, with red indicating higher values and green indicating lower values. Panel (A) shows GWR estimates and Panel (B) shows MGWR estimates, each with a corresponding legend detailing coefficient ranges. Key regions like Tigray, Amhara, and Oromia are labeled on both maps.]

FIGURE 10
 Local coefficient estimates of children aged 6–23 months for not receiving Vit-A supplement among children 6–35 months in Ethiopia, EMDHS 2019.


The analysis result of this study also revealed the GWR and MGWR coefficient estimates of being the first child, with the range of high GWR positive coefficient values found in the Northwest of the study area, specifically in Tigray, Northwest Amhara, and Benishangul Gumz. This implied that being the first child increases the likelihood of not receiving Vit-A in those specified areas. Conversely, the coefficient estimates were found to be smaller in most of Somali, Diredawa, Hareri and some parts of Afar, indicating a smaller spatial relationship (Figure 11).

[image: Maps of Ethiopia display GWR and MGWR coefficient estimates for being the first child. Map A shows GWR data with dots colored from green to red, indicating coefficient ranges from negative 0.129545 to 0.790747. Map B shows MGWR data with similar color coding, ranging from 0.069700 to 0.552785. Regional names like Tigray, Amhara, and Oromia are labeled.]

FIGURE 11
 Local coefficient estimates of being a first child for not receiving Vit-A supplement among children 6–35 months in Ethiopia, EMDHS 2019.





Discussion

In many developing countries, including Ethiopia, inadequate coverage of Vit-A supplementation continues to be a serious public health concern. Although Vit-A has been shown to reduce mortality and morbidity of the child, many places in Ethiopia still lack appropriate coverage because of several factors. Identifying and reducing the preventable underlying determinants is there for an essential plan of action to improve the Vit-A supplementation rate. Hence, this study aimed to explore the spatial distribution and determinants of non-receipt of Vit-A supplement among children aged 6–35 months using geospatial models.

In this study, the all over prevalence of not having Vit- A supplements among children 6–35 months in Ethiopia was found to be 53.2% (95% CI: 51.0, 55.1%). This prevalence varied across the country’s administrative Regions, ranging from 37.7% in the Amhara region to 77.9% in the Somali Region. This variation was supported by the statistically significant Global Moran’s statistics, which confirmed a non-random spatial distribution. This implies that the proportion of not receiving Vit-A supplement among children 6–35 months was significantly varied from one place to the other place, throughout the country.

The hotspot analysis identified the high and low-risk areas of not having Vit -A supplements among children 6–35 months. The high prevalence of not receiving Vit-A supplements was identified in Oromia, Sidama, and SNNP. Whereas the low prevalence was observed in Dire Dawa, Harari, Banshangil Gumz, and Gambela Regions. Similarly, the ordinary kriging interpolation prediction of the unsampled area also showed that the highest rates of not receiving Vit-A supplements were located in central Oromia and some parts of Sidama Regions. This observed spatial variation may be due to a disparity in health service access and nutritional interventions as well as cultural and geographic challenges. In regions like part of Oromia and Somali, traditional beliefs, and mobility of pastoralist communities can limit access to healthcare, particularly for children (25). The geographical and environmental challenges in these regions also influence basic health service delivery including Vit – A supplementation campaigns. It has been reported that Geographical features in regions like SNNP and Sidama, with challenging topographies, health service distribution is affected, making them less accessible, resulting in lower coverage rates for remote communities (26, 27). Moreover, a difference in parental sociodemographic factors and lack of awareness among caregivers about Vit – A supplements play a significant role in the disparity (12, 28, 29).

In our spatial regression analysis, the MGWR model overcame the limitations of OLS as well as GWR and resulted in a better-fitted model in this study. Accordingly, being from an uneducated mother, being from a poor wealth status of household, being the first child, and being a young child age were spatially varied, strong and weak predictors of not receiving Vit-A supplements among children 6–35 months.

The MGWR analysis revealed that being from an uneducated mother was positively associated with never receiving Vit- A supplement (both strong and weak association). A strong association was observed in Dire Dawa, Harari, and the Somali Region. This is potentially due to mothers with lower educational levels may not be aware of the importance of Vit A, are less likely to engage with healthcare services, including nutritional supplements, and may not be well equipped to navigate health information (30, 31). Our finding that children from uneducated mothers were less likely to take vitamin A supplements is consistent with earlier studies, indicating that maternal education is a significant factor (29, 32).

Similarly, the MGWR model showed that being from a female-headed household was found to have a significant positive association with not having Vit -A supplement in Central Afar, Hareri and most of the Somali Region. This could be due to female-headed households facing cultural challenges, limiting access to healthcare services, as well as nutritional practices (33, 34). Traditional gender roles, social stigma, and cultural norms may marginalize children’s health needs, affecting the prioritization of health interventions. They all result in lower coverage of essential health interventions, including vital nutrient supplementations (35, 36).

The findings of this study from the MGWR analysis also showed that, on average, being from a poor/poorest household positively affects the likelihood of not having Vit -A supplement. The highest association was identified in the Southwest of Oromia, Southwest Somali, Central to Northwest Gambela, most of SNNP and Sidama regions. This is consistent with previous studies highlighting the influence of socioeconomic status on healthcare service accessibility, including nutritional interventions (11, 37, 38). The lower uptake of Vit-A supplementation among children 6–35 months from poor households, perhaps in part because of low socioeconomic level, affects health-seeking behaviors, including nutritional interventions (39). Better household wealth may improve the intake of Vit-A supplements by improving health information accessibility and reducing economic barriers (11, 40). It has also been reported that socioeconomic inequality significantly affects maternal health service utilization, with poor families showing higher vitamin A deficiency in their children (41, 42). Additionally, according to recent reports, regions like some parts of Oromia, Sidama, and the western part of SNNP face significant disparities in healthcare provision, leading to lower rates of Vitamin A supplementation among children (43).

Our study also highlighted that being a first child had a predominantly positive influence on not accessing Vit-A supplementation among the study participants. The highest association was identified in Western Tigray, Northwest Amhara, Northern Benishangul Gumz, and some areas in Western Oromia. From previous studies, it has been reported that first-born children are less likely to receive nutritional interventions, including Vit-A supplementation (29, 44). This might be due to the presence of some factors, including a lack of experience and awareness about the importance of essential nutrient supplementation for first-time parents. Additionally, first-time parents may be less familiar with healthcare systems, leading to missed opportunities for Vit- A supplementation. Studies showed that parental awareness is crucial for ensuring child nutritional interventions, while younger siblings receive more attention (45, 46).


Recommendations

The findings of this study highlight the need for targeted interventions to reduce the spatial disparities in Vit-A supplementation among children aged 6–35 months in Ethiopia. Public health programs should prioritize high-prevalence regions, particularly Sidama, SNNPR, and parts of Oromia, to improve coverage. Efforts to increase maternal education and awareness about child nutrition are crucial, especially for mothers with lower educational levels. Special attention should also be given to vulnerable households, including female-headed and poorer households, as well as younger children (6–23 months) and first-born children, who are at higher risk of missing supplementation. Policymakers should use these spatial and sociodemographic insights to design geographically targeted and socially inclusive strategies to enhance Vitamin A supplementation nationwide.



Strengths and limitations of the study

The study was based on nationally and regionally representative data enhancing the reliability and generalizability of the findings. Furthermore, the use of spatial analysis including spatial local modeling, which helps to identify spatially varying relationships between predictors was another strength. However, this study has some limitations that must be considered during interpretation. Since this study is based on secondary data analysis, some determinants were not included; hence, we failed to adjust their effect. The study utilized cross-sectional survey data, limiting the causal relationships between identified predictors and the outcome variable. In addition, since the data is based on self-reporting, social desirability bias and recall bias might be present.




Conclusion

This study provided the spatial disparities and determinants of not having Vit- A supplements among children aged 6–35 months using the 2019 EMDHS data. The finding revealed a significant geographical variation in the non-receipt of Vit-A supplement, with some areas like Sidama, SNNPR, and some parts of Oromia exhibiting a higher prevalence of not receiving Vit-A supplementation. In the spatial regression analysis, some socioeconomic factors, such as being from an uneducated mother, having poor wealth status, being a first child, and having a child aged 6–23 months, were strong and weak predictors (at the local level) in different regions of Ethiopia. These factors varied significantly across different regions, emphasizing the importance of context-specific strategies to improve Vit-A supplementation. Therefore, targeting public health strategies in the identified hotspot areas has to be implemented, with consideration of the identified determinants, to improve Vit-A supplementation coverage.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found at: https://dhsprogram.com/data/dataset.



Ethics statement

The studies involving humans were approved by the Demographic and Health Surveys (DHS) Program ICF. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin.



Author contributions

AK: Conceptualization, Investigation, Formal analysis, Writing – review & editing. AT: Conceptualization, Investigation, Software, Writing – original draft. GM: Data curation, Formal analysis, Writing – review & editing. TA: Writing – review & editing. AG: Data curation, Writing – original draft, Writing – review & editing. HD: Data curation, Writing – review & editing. DT: Writing – original draft, Writing – review & editing. GA: Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Acknowledgments

The authors acknowledge the EMDHS program and ICF International for authorizing us to use the data sets.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1483588/full#supplementary-material



Abbreviations


AICc, corrected Akaike’s Information Criterion; ANC, Antenatal Care; DHS, Demographic and Health Survey; EMDHS, Ethiopia Mini Demographic and Health Survey; GWR, Geographically weighted regression analysis; MGWR, Multiscale Geographically weighted regression analysis; OLS, Ordinary Least Squares; PNC, Postnatal Care; SNNP, Southern Nations, Nationalities, and Peoples; Vit-A, Vitamin A; WHO, World Health Organization.




References
	 1. Oruch,R, and Pryme,IF. The biological significance of Vitamin A in humans: a review of nutritional aspects and clinical considerations. Science Jet. (2012) 1:1–13.
	 2. Sommer,A. Vitamin A deficiency and clinical disease: an historical overview. J Nutr. (2008) 138:1835–9. doi: 10.1093/jn/138.10.1835 
	 3. De Onis,M, and Blössner,M. The World Health Organization global database on child growth and malnutrition: methodology and applications. Int J Epidemiol. (2003) 32:518–26. doi: 10.1093/ije/dyg099 
	 4. Lv,Z, Wang,Y, Yang,T, Zhan,X, Li,Z, Hu,H , et al. Vitamin A deficiency impacts the structural segregation of gut microbiota in children with persistent diarrhea. J Clin Biochem Nutr. (2016) 59:113–21. doi: 10.3164/jcbn.15-148 
	 5. WHO. Global prevalence of Vitamin A deficiency in populations at risk 1995–2005: WHO global database on vitamin A deficiency. Geneva, Switzerland: WHO (2009).
	 6. Stevens,GA, Bennett,JE, Hennocq,Q, Lu,Y, De-Regil,LM, Rogers,L , et al. Trends and mortality effects of vitamin A deficiency in children in 138 low-income and middle-income countries between 1991 and 2013: a pooled analysis of population-based surveys. Lancet Glob Health. (2015) 3:e528–36. doi: 10.1016/S2214-109X(15)00039-X 
	 7. Keats,EC, Neufeld,LM, Garrett,GS, Mbuya,MNN, and Bhutta,ZA. Improved micronutrient status and health outcomes in low- and middle-income countries following large-scale fortification: evidence from a systematic review and meta-analysis. Am J Clin Nutr. (2019) 109:1696–708. doi: 10.1093/ajcn/nqz023 
	 8. UNICEF. Coverage at a crossroads: New directions for vitamin A supplementation programmes. New York: UNICEF (2018). Available online at: https://data.unicef.org/resources/vitamin-a-coverage/
	 9. INTERVENTIONAL N. Improving child survival rates with twice-yearly Vitamin A supplementation. Ottawa: Nutrition International (2023). Available online at: https://www.nutritionintl.org/project/vitamin-a-supplementation/
	 10. Ethiopia F. National nutrition program 2016–2020. Addis Ababa: Federal Democratic Republic of Ethiopia (2016).
	 11. Zegeye,B, Olorunsaiye,CZ, Ahinkorah,BO, Ameyaw,EK, Seidu,A-A, Budu,E , et al. Trends in inequality in the coverage of Vitamin A supplementation among children 6–59 months of age over two decades in Ethiopia: evidence from demographic and health surveys. SAGE Open Medicine. (2022) 10:20503121221094688. doi: 10.1177/20503121221094688 
	 12. Gilano,G, Hailegebreal,S, and Seboka,BT. Geographical variation and associated factors of Vitamin A supplementation among 6–59-month children in Ethiopia. PLoS One. (2021) 16:e0261959. doi: 10.1371/journal.pone.0261959 
	 13. Laillou,A, Baye,K, Zelalem,M, and Chitekwe,S. Vitamin A supplementation and estimated number of averted child deaths in Ethiopia: 15 years in practice (2005–2019). Matern Child Nutr. (2021) 17:e13132. doi: 10.1111/mcn.13132 
	 14. Berihun,B, Chemir,F, Gebru,M, and GebreEyesus,FA. Vitamin A supplementation coverage and its associated factors among children aged 6–59 months in west Azernet Berbere Woreda, south West Ethiopia. BMC Pediatr. (2023) 23:257. doi: 10.1186/s12887-023-04059-1 
	 15. Gatobu,S, Horton,S, Kiflie Aleyamehu,Y, Abraham,G, Birhanu,N, and Greig,A. Delivering Vitamin A supplements to children aged 6 to 59 months: comparing delivery through mass campaign and through routine health services in Ethiopia. Food Nutr Bull. (2017) 38:564–73. doi: 10.1177/0379572117708657 
	 16. Csa,I. Central statistical agency (CSA)[Ethiopia] and ICF. Ethiopia demographic and health survey. Ethiopia and Calverton, Maryland, USA: Addis Ababa (2016).
	 17. CSA I. Ethiopia demographic and health survey. Addis Ababa, Ethiopia and Calverton, Maryland, USA: central statistical agency and ICF International, vol. 2012 (2011). 430 p.
	 18. Ethiopian Public Health Institute FMoH, Ethiopian Central Statistical Agency (CSA), The DHS Program, ICF. Ethiopia Mini Demographic and Health Survey (2019): Available online at: https://dhsprogram.com/pubs/pdf/FR363/FR363.pdf.
	 19. Kulldorff,M. SaTScan™ user guide for version, vol. 10 (2022). 1 p. Avilable online at: http://www.satscan.org/
	 20. Conolly,J. Spatial interpolation. Archaeological Spatial Analysis. London, United Kingdom: Routledge (2020). p. 118–134.
	 21. ERSI Support: Ordinary least squares (spatial statistics). Redlands, California, USA: Esri (2009).
	 22. Fotheringham,A, and Brunsdon,C In: M Charlton, editor. Geographically Weighted Regression: The Analysis of Spatially Varying Relationships. Chichester, United Kingdom: John Wiley & Sons (2002)
	 23. Fotheringham,AS, Yang,W, and Kang,W. Multiscale geographically weighted regression (MGWR). Ann Am Assoc Geogr. (2017) 107:1247–65.
	 24. Li,Z, Fotheringham,AS, Oshan,TM, and Wolf,LJ. Measuring bandwidth uncertainty in multiscale geographically weighted regression using Akaike weights. Ann Am Assoc Geogr. (2020) 110:1500–20. doi: 10.1080/24694452.2019.1704680
	 25. Demissie,T, Ali,A, Mekonen,Y, Haider,J, and Umeta,M. Magnitude and distribution of Vitamin A deficiency in Ethiopia. Food Nutr Bull. (2010) 31:234–41. doi: 10.1177/156482651003100206 
	 26. Roba,KT, O’Connor,TP, O’Brien,NM, Aweke,CS, Kahsay,ZA, Chisholm,N , et al. Seasonal variations in household food insecurity and dietary diversity and their association with maternal and child nutritional status in rural Ethiopia. Food Secur. (2019) 11:651–64. doi: 10.1007/s12571-019-00920-3
	 27. Yohannes,G, Wolka,E, Bati,T, and Yohannes,T. Household food insecurity and coping strategies among rural households in Kedida Gamela District, Kembata-Tembaro zone, Southern Ethiopia: mixed-methods concurrent triangulation design. BMC nutrition. (2023) 9:4.
	 28. Marjan,N, Rahman,A, Rois,R, and Rahman,A. Factors associated with coverage of Vitamin A supplementation among Bangladeshi children: mixed modelling approach. BMC Public Health. (2021) 21:1–11. doi: 10.1186/s12889-021-10735-7
	 29. Berde,AS, Bester,P, and Kruger,IM. Coverage and factors associated with Vitamin A supplementation among children aged 6–59 months in twenty-three sub-Saharan African countries. Public Health Nutr. (2019) 22:1770–6. doi: 10.1017/S1368980018004056 
	 30. Vollmer,S, Bommer,C, Krishna,A, Harttgen,K, and Subramanian,S. The association of parental education with childhood undernutrition in low-and middle-income countries: comparing the role of paternal and maternal education. Int J Epidemiol. (2017) 46:312–23. doi: 10.1093/ije/dyw133
	 31. Frost,MB, Forste,R, and Haas,DW. Maternal education and child nutritional status in Bolivia: finding the links. Soc Sci Med. (2005) 60:395–407. doi: 10.1016/j.socscimed.2004.05.010 
	 32. Changezi,F, and Lindberg,L. Socio-economic determinants of Vitamin A intake in children under 5 years of age: evidence from P akistan. J Hum Nutr Diet. (2017) 30:615–20. doi: 10.1111/jhn.12450 
	 33. Akhter,R, and Ward,KB. Globalization and gender equality: A critical analysis of women's empowerment in the global economy. Perceiving gender locally, globally, and intersectionally. England: Emerald Group Publishing Limited; (2009). p. 141–173.
	 34. Bayu,EK. Investigate the Challenges and Opportunities of Female Headed Households and Women Farmers in Male-Headed Households in Non-Agricultural Livelihood Diversification Strategies: The Case of Shebel Berenta District, Amhara Region, Ethiopia. Int. J. Women’s Health Care. (2021) 6:105.
	 35. Das,M, Angeli,F, Krumeich,A, and van Schayck,OCP. The gendered experience with respect to health-seeking behaviour in an urban slum of Kolkata, India. Int J Equity Health. (2018) 17:24. doi: 10.1186/s12939-018-0738-8 
	 36. Voeten,HA, O’Hara,HB, Kusimba,J, Otido,JM, Ndinya-Achola,JO, Bwayo,JJ , et al. Gender differences in health care-seeking behavior for sexually transmitted diseases: a population-based study in Nairobi, Kenya. Sex Transm Dis. (2004) 31:265–72.
	 37. Agrawal,S, and Agrawal,P. Vitamin A supplementation among children in India: does their socioeconomic status and the economic and social development status of their state of residence make a difference? Int J Med Public Health. (2013) 3:48. doi: 10.4103/2230-8598.109322 
	 38. Aremu,O, Lawoko,S, and Dalal,K. Childhood Vitamin A capsule supplementation coverage in Nigeria: a multilevel analysis of geographic and socioeconomic inequities. Sci World J. (2010) 10:1901–14. doi: 10.1100/tsw.2010.188 
	 39. Kassa,G, Mesfin,A, and Gebremedhin,S. Uptake of routine Vitamin A supplementation for children in Humbo district, southern Ethiopia: community-based cross-sectional study. BMC Public Health. (2020) 20:1–8. doi: 10.1186/s12889-020-09617-1
	 40. Nawal,D, Sekher,T, and Goli,S. Decomposing the socioeconomic inequality in utilisation of maternal health-care services in selected Asian and sub-Saharan African countries. Lancet. (2013) 381:S97. doi: 10.1016/S0140-6736(13)61351-3
	 41. Gebre,E, Worku,A, and Bukola,F. Inequities in maternal health services utilization in Ethiopia 2000–2016: magnitude, trends, and determinants. Reprod Health. (2018) 15:1–9. doi: 10.1186/s12978-018-0556-x
	 42. Kundu,S, Rai,B, and Shukla,A. Prevalence and determinants of Vitamin A deficiency among children in India: findings from a national cross-sectional survey. Clin Epidemiol Glob Health. (2021) 11:100768. doi: 10.1016/j.cegh.2021.100768
	 43. Fentie,EA, Asmamaw,DB, Negash,WD, Belachew,TB, Amare Baykeda,T, Addis,B , et al. Spatial distribution and determinants of barriers of health care access among female youths in Ethiopia, a mixed effect and spatial analysis. Sci Rep. (2023) 13:21517. doi: 10.1038/s41598-023-48473-y 
	 44. Srivastava,S, and Kumar,S. Does socio-economic inequality exist in micro-nutrients supplementation among children aged 6–59 months in India? Evidence from National Family Health Survey 2005–06 and 2015–16. BMC Public Health. (2021) 21:1–12. doi: 10.1186/s12889-021-10601-6
	 45. De Cianni,R, Pippinato,L, Zanchini,R, Brun,F, Di Vita,G, and Mancuso,T. Parental behaviour in choosing snacks for children aged six to ten: the role of mothers' nutritional awareness. Br Food J. (2023) 125:713–30. doi: 10.1108/BFJ-09-2021-1010
	 46. Gvamichava,R, Baramidze,L, and Tewfik,I. Parental nutritional awareness for enhancement of child nutrition and healthy lifestyle: a literature review. Georgian Biomedical News. (2023) 1. doi: 10.52340/GBMN.2023.01.01.49


Copyright
 © 2025 Kassaw, Tareke, Mankelkl, Anbesaw, Gedefie, Debash, Tamirat and Abebe. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Spatial distribution and determinants of Vitamin A supplementation non-receipt among children aged 6–35 months in Ethiopia: a multiscale geographically weighted regression analysis



		Background



		Methods and materials



		Data source and study area



		Sampling procedure



		Study population and data extraction



		Study variables



		Data management and analysis



		Spatial autocorrelation analysis



		Hotspot analysis



		Spatial scan statistical analysis



		Spatial interpolation



		Spatial regression



		Global spatial regression



		The local spatial regression model









		Result



		Background characteristics of the study participants



		Prevalence of non-receipt of Vit-A supplement



		Spatial distribution of non-receipt of vitamin A supplement



		Hot spot analysis of non-receipt of Vit-A supplement



		Spatial interpolation



		Spatial sat scan analysis



		Results from ordinary least squares (OLS)



		Geographically weighted regression analysis (GWR) and the multiscale extension (MGWR)



		Model performance comparison



		Mapping the parameter coefficients









		Discussion



		Recommendations



		Strengths and limitations of the study









		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		Abbreviations



		References



















OPS/images/fpubh-13-1483588-g011.jpg
(A) (B)

GWR cofficient estimates fo rbeing first child MGWR cofficient estimates for being first child

MGWR_cofficient_estimates
beta_Parit

GWR_Cofficient_estimates

7 pary_
© ams o Ja—
+ ooz + a0
« waeno-omss © amaccozn
+ aomseoumso + ovsmaam

3,“ ) 568307 *037TT8S- 0420245
| -2 * 0420046-0552785
Ry e—;






OPS/images/fpubh-13-1483588-g010.jpg
GWR cofficient estimates for child age 6-23 months MGWR cofficient estimates for child age 6-23 months.

| ﬁ%
e | A

o ousenn-03se
st~ 19879
07080031885

N

MGWR _cofficient _estimates.

038199 037609
00038910
- 2300. 34888
om0
o+ o3mm. oz
o oz o

(B)






OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Spatial distribution and
determinants of Vitamin A
supplementation non-receipt
among children aged
6-35 months in Ethiopia: a
multiscale geographically
weighted regression analysis












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






OPS/images/fpubh-13-1483588-g005.jpg
Interpolated prevalence of
Vit-A non-receipt

Kriging
I 22.22% - 34.63%
[ ] 34.63% - 47.05%
[ ] 47.05% - 59.45%
[ 59.45% - 71.86%
[ ] 71.86% - 84.27%

[ 100 200 400 Kilometers





OPS/images/fpubh-13-1483588-g006.jpg
SaTScan anlysis

2870525864

[ ] 31471222012
| ] 38254861354
[ 225254114013
[ 1616360368286

0 215 430 860 Kilometers






OPS/images/fpubh-13-1483588-g003.jpg
Vit-A_non_receipt
Proportion

®  0.0%-10.0%
10.1% - 30.0%
30.1% - 50.0%
50.1% - 70.0%
70.1%- 100.0%

0 100 200 400 Kilometers






OPS/images/fpubh-13-1483588-g004.jpg
VitA_non_receipt_HotSpots
Gi_Bin
©  Cold Spot - 99% Confidence
Cold Spot - 95% Confidence
+ Cold Spot - 90% Confidence

Not Significant

“ Hot Spot - 90% Confidence
©  Hot Spot - 95% Confidence
Hot Spot - 99% Confidence

400 Kilometers






OPS/images/fpubh-13-1483588-g009.jpg
GWR cofficient estimates for poor/poorer wealth status

0008168 - 0026384
0026383 0051672
oosters-o.102217
0102218-0.157890
0157891 0225374
0250750338183

(A)

MGWR cofficient estimates for poor/poorer wealth status
MGWR_cofficent_estimates
beta_Poore

s o087zs
0msr24-002s12r
ouzsizs-0oenss
oaesise-0170646
o11s47-0200920

oz 0u2






OPS/images/fpubh-13-1483588-g007.jpg
GWR cofficient estimates for no maternal education MGWR cofficient estimates for no maternal education

[GWR_Cofficient_estim:
£2_No_educ

© oczoet 006953
© 0069831 -0.136688
0136689025487
0258488 040mT0
osou7t 0817021
0517022 0810453






OPS/images/fpubh-13-1483588-g008.jpg
GWR cofficient estimates for female household head MGWR cofficient estimates for fefame househol head

GWR_Cofficent_estimates MGWR _cofficient
beta_oush
+ omse. asune
ruses-a s
. oo
cosersz--aoszss
costas-aoomas
coouoss-aoserst

timates

[6Y]






OPS/images/fpubh-13-1483588-g001.jpg
Sampling frame
2019 Ethiopia Population and Housing Census (EPHC)

Y

Stratification

21 sampling strata (urban and rural) based on 9 regions and 2 administrative cities

v

Stage 1: Selection of EAs with probability proportional to size

25 EAs from each of 8 regions; 35 EAs from each of 3 larger regions.
Total EAs Selected= 305 EAs (93 urban and 212 rural)

|

Stage 2: Selection of Households:

¥

Data Collection on Eligible respondents

|

‘ Total children 6-35 months = 2,668 J

128 children excluded =
outcome variable missed

Total of 2540 weighted children 6-35 months were included for
the final analysis






OPS/images/fpubh-13-1483588-g002.jpg
Spatial Autocorrelation Report

Significance Level

Moran’s Index: 0.305032
(p-value)

z-score: 6.818702 = T,
p-value: 0.000000 .03
0.10
0.10

0.05
0.01

=
-
=
-

Critical Value
(z-score)
<-2.58
-2.58
-1.96
-1.65 - 1.65
1.65-1.96
1.96 - 2.58
>2.58

Given the z-score of 6.81870187035, there is a less than 1% likelihood that this clustered

pattern could be the result of random chance.





