Process of Area Level Deprivation Index Development

Index development follows previous methodological works and approaches. [1-5] Briefly, the steps involved i) selection of relevant variables, ii) screening and assessment of variables, iii) variable reduction and extraction of the factors, and iv) assessment of validity and reliability. 
Selection of the observed variables

Variable selection was guided by the earlier studies, [6-10] availability of the variables in the dataset, and expert opinions. Based on these, a total of 26 aggregated and non-aggregated observed variables were selected that could explain the underlying construct; the Area-level deprivation. Aggregated variables were proportion or the average of the individuals/household’s characteristics at the area-level.  These variables falls under six domains: ethic heterogeneity, education, employment, household assets, household structure, access to public and social infrastructures.  Table 1 shows the detailed list of the variables. 
Table 1: List of variables included for the construction of area level deprivation
	
	Variables for the area level deprivation

	1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
	% of the disadvantageous/marginalized population
% of the dependent population
% of households with illiterate male/female
% of households with television
% of households with refrigerator
% of households with motorbike
% of households with cycle
% of households with car
% of households with radio
% of households with separate kitchen as cooking rooms
% of households with electricity
% of households with toilet
% of households with clean drinking water
% of households with shared toilet
% of households with rudimentary floor
% of households with rudimentary wall
% of households with phone
% of households with clean energy source
% of households with bank account
% of households with employed members
% of households exposed to mass media
% of household with soap 
Average time to reach the nearest health facility (time in minutes)
Average time to reach the nearby motorable road (time in minutes)
Average time to reach to the nearby water source (time in minutes)
Altitude (in meters)



Variables screening and assessment 

[bookmark: _Hlk86912329]Variables with a low correlation (±0.30) in the correlation matrix and uniformly distributed across the clusters (>90%) were excluded. [11] The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy and Bartlett's test of sphericity were used to assess the suitability of data for index development. [12,13] The KMO indicates the proportion of variance caused by the underlying factors and ranges between 0 and 1, value above ≥0·7 is suggested. A significant Bartlett’s test suggests the correlation matrix of variables are significantly different from the identity matrix indicating the chosen variables are suitable for data reduction.
Variable reduction and factor extraction 
[bookmark: _Hlk86827379]
Principal component analysis (PCA) and Exploratory Factor Analysis (EFA) are commonly used techniques in construction of indices. As we are interested in the measurement of underlying latent construct; the area level deprivation, we selected EFA over PCA. [14,15] 
EFA was conducted using iterated principal factor estimation due to lack of multivariate normality. [16] The number of factors extracted were based on eigenvalues > 1, visual inspection of the scree plot, and the conceptual meaning of the factor. Promax rotation was selected to assess factor loadings as the researcher expects some correlation between factors. Factor loading refers to the correlation of the variable with the latent structure. A more relaxed a priori criteria i.e., factor loadings <0.20 was used to exclude any variables from the factor. A minimum of 3 variables with high loading is considered for factor. Communality is the proportion of each variable variance that is explained by the underlying factor.  High factor loadings and communality suggest a stronger relation between variables and the latent factor. The variables were then weighted by their factor loading.

Assessment of Index quality: validity and reliability 

Validity of the index was assessed by content, construct, and criterion validity. Content validity refers to the accurate representation of the underlying construct; the study especially sought to reflect the full scope of the area-level deprivation construct with the ADI. Confirmatory factor analysis (CFA) was conducted to test the construct validity of the index based on the factors obtained from EFA in the randomly sample (n=200).  Maximum likelihood estimator with robust standard error was used. Root mean square error of approximation (RMSEA< 0.80), Comparative Fit Index (CFI ≥0.90) and the Tucker-Lewis Index (TLI ≥0.95) were used to assess model fit. [15] Modification indices was explored to identify model misfit areas. We also assessed for the place-based stability of the deprivation index (Invariance testing) by assessing factor loadings and its magnitude across three administrative regions (cluster, districts and ecological regions).[2] Criterion validity was assessed by correlating the newly constructed deprivation index with the 2018-MPI.[16] Reliability was assessed using Cronbach’s alpha. 
Exploratory factor analysis was conducted using SAS version 9.4 (SAS Institute, Cary, NC, US), whereas confirmatory factor analysis was conducted in Mplus (Version 7, Muthén & Muthén, Los Angeles, CA, 2017). Spatial plotting was done using ArcGis-10.7 using the available cluster level geographic coordinate systems obtained from the Nepal DHS -2016 spatial data respiratory. 
 Characteristics of the area level deprivation index
A unifactorial model with 15-variables had the best fit to represent the underlying structure for area-level deprivation evidencing strong internal consistency (Cronbach’s alpha = 0.93). Standardized scores for index ranged from 58.0 to 140.0, with higher scores signifying greater area-level deprivation. Distribution of the area level deprivation including the health services utilization is provided in the figure 1.
[image: ]
The North-Eastern and North-Western regions of the country appear to have a higher deprivation . The deprivation is in line with the urbanization, as urbanized areas appear to have a lower deprivation as compared to rural. We assessed if the correlation (Pearson’s Correlation (r)) between AD and health and health services utilization indicators are in line with the published studies. The proportion of Institutional delivery (r=-0.64), the proportion of hypertension (r= -0.32), and the proportion of obesity (r= -0.42) at the area level were negatively correlated with the deprivation score.  Similarly, average time to reach nearby health facilities (r=0.30) and the proportion of ANC visit (<4 visits) (r=0.47) had a significant positive correlation with the deprivation score. 
The newly constructed index showed relatively strong criterion validity with multi-dimensional poverty index (Pearson’s correlation coefficient=0.77) and relatively strong construct validity (Comparative Fit Index = 0.96; Tucker-Lewis Index= 0.94; standardized root mean square residual = 0.05; Root mean square error of approximation= 0.079). The factor structure was relatively consistent across different administrative regions.  
Area level deprivation index was constructed and assessed for its validity and reliability. The index provides an opportunity to explore the area-level influence on disease outcome and health disparity.
Table 1 Factor loading and shared variance (communality) for 15-variables at three different geographic levels (Cluster/area, districts, and sub-regional levels)

	
Area level variables
	Region

	
	Cluster
	District
	Sub-region

	
	Factor loading
	Communality
	Factor loading
	Factor loading

	Proportion of households with illiterate population 
	0.71
	0.50
	0.57
	0.28

	Proportion of eligible population employed 
	0.69
	0.48
	0.63
	0.79

	Proportion of households with electricity
	0.46
	0.21
	0.46
	0.71

	Proportion of households not exposed to mass media
	0.72
	0.52
	0.78
	0.87

	Proportion of households without TV
	0.81
	0.65
	0.86
	0.93

	Proportion of households without refrigerator
	0.85
	0.72
	0.88
	0.95

	Proportion of households without motorcycle
	0.76
	0.58
	0.84
	0.88

	Proportion of households with rudimentary floor 
	0.91
	0.82
	0.93
	0.94

	Proportion of households with rudimentary wall 
	0.84
	0.71
	0.85
	0.91

	Proportion of households without telephone
	0.61
	0.37
	0.64
	0.61

	Proportion of households without clean energy source
	0.89
	0.79
	0.90
	0.95

	Proportion of households without bank account 
	0.63
	0.40
	0.72
	0.91

	Proportion of households without soap for handwash
	0.71
	0.50
	0.73
	0.75

	Average time required to reach nearby motorable road
	0.57
	0.33
	0.75
	0.89

	Average time to reach to collect water
	0.48
	0.23
	0.45
	0.63

	Cronbach’s alpha reliability
	93.0
	
	0.94
	0.97
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