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Abstract 24 

Introduction: Concerns about the opportunity costs of social screening initiatives have led some 25 

health care organizations to consider using social deprivation indices (area-level social risks) as 26 

proxies for self-reported needs (individual-level social risks). Yet, little is known about the 27 

effectiveness of such substitutions across different populations. 28 

 29 

Methods: This paper -30 

level social risk measures the Social Deprivation Index, Area Deprivation Index, and 31 

Neighborhood Stress Score correspond with six individual-level social risks and three risk 32 

combinations among a national sample of Medicare Advantage members (N=77,503). Data were 33 

derived from area-level measures and cross-sectional survey data collected between October 34 

2019  February 2020. Agreement between individual- and individual-level social risks, 35 

sensitivity values, specificity values, positive predictive values (PPV), and negative predictive 36 

values (NPV) were calculated for all measures in Summer/Fall 2022. 37 

 38 

Results: Agreement between area and individual-level social risks ranged from 53-77%. 39 

Sensitivity for each risk and risk category never exceeded 42%; specificity values ranged from 40 

62-87%. PPVs ranged from 8-70% and NPVs ranged from 48-93%. There were modest 41 

performance discrepancies across area-level measures. 42 

 43 

Conclusions: These findings provide additional evidence that area-level deprivation indices may 44 

be inconsistent indicators of individual-level social risks, supporting policy efforts to promote 45 

individual-level social screening programs in health care settings.  46 
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Introduction 47 

Social determinants of health (SDH), or the conditions in which people are born, grow, live, 48 

work, and age,1 profoundly impact health and health care outcomes as well as health care costs.249 

7 In response, United States (US) health care organizations including the Centers for Medicaid 50 

and Medicare Services (CMS) have increasingly emphasized the importance of addressing 51 

adverse SDH as a means of improving population health and health equity.8 Screening for 52 

individual-level indicators of adverse SDH  such as food, housing, and transportation insecurity 53 

 has emerged as a primary launch point for related interventions, e.g. providing social services 54 

like food boxes and transportation or making referrals to community-based social service 55 

organizations.9 While evidence suggests that social risk screening in health care settings is 56 

increasing,10 concerns about the opportunity costs (e.g., financial resources, time) of universal 57 

individual-level screening are likely to limit widespread adoption.11 Unanswered questions 58 

related to which populations should be screened, by whom, and with what frequency can 59 

additionally complicate decisions about whether and how to implement screening programs. 60 

 61 

Given the strong association between area-level indicators of SDH and morbidity and 62 

mortality,12 some payors and providers have considered using social deprivation indices to more 63 

efficiently identify patients at high risk of social disadvantage, or as proxies for individual-level 64 

social risk factors in data analysis.13 15 While this approach may be more time and cost-efficient 65 

than individual-level screening, it subverts at least two key assumptions: 1) while intrinsically 66 

tied to community and societal factors, individual-level social risks can arise independently (e.g., 67 

as a result of individual factors, interpersonal relationships, and organizations),16 and 2) using 68 

aggregated area-level data may result in mis-categorizing an indiv69 
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epidemiology known as the ecological fallacy.17  At the time of publication, two studies had 70 

previously examined the use of area-level data to estimate individual-level social risks.18,19 71 

Cottrell et al.18 found a modest association between self-reported risks and the Social 72 

Deprivation Index (SDI); Miller-Rosales et al.19 reported similar findings using the 73 

Neighborhood Deprivation Index (NDI). The authors concluded that neighborhood data was an 74 

imperfect proxy for individual-level information. However, the generalizability of their findings 75 

was limited both by the populations studied, which were disproportionately or exclusively 76 

comprised of individuals with low income, and by the deprivation index that was used.18,19  77 

 78 

This study adds to knowledge in this field by leveraging the availability of a national sample of 79 

Medicare Advantage (MA) members to examine how well three different area-level social risk 80 

measures the Social Deprivation Index (SDI), Area Deprivation Index (ADI), and 81 

Neighborhood Stress Score (NSS) correspond with individual-level social risks within this 82 

population.  83 

 84 

Methods 85 

Study Sample  86 

The study population was drawn from a national sample of MA members who responded to a 87 

survey assessing health related social needs (HRSN) administered by Humana, Inc., a private-88 

health insurer, between October 16, 2019  February 29, 2020. Households were eligible to 89 

participate if they had at least one non-institutionalized adult enrolled in an individual MA plan 90 

that was not contractually excluded from research (N=436,038). Among households with 91 

multiple eligible individuals, only one was randomly selected to receive survey outreach. Ninety 92 
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percent (n=392,363) were successfully contacted to complete a survey. Text message, telephone, 93 

and email outreach was conducted across all fifty states, though over 60% of MA members were 94 

concentrated in urban areas and the southern U.S. The survey was made available using 95 

interactive voice response (IVR) phone call, text messaging and email in both English and 96 

Spanish. The HRSN survey contained adapted social risk domains included in the CMS 97 

Accountable Health Communities HRSN Screening tool (see: Appendix A).20 Members98 

characteristics (age, gender, etc.) were derived from administrative files. Humana used primary 99 

address data to assign a census tract and block group using 2010 Census geography.  100 

 101 

The analytic sample was limited to members who had complete individual and area-level social 102 

risk data (N=77,503, 18% of the original sample and 20% of those who were successfully sent a 103 

survey). See Appendix Figure 1 for more details. 104 

 105 

This study was deemed exempt by the Humana Healthcare Research Human Subject Protection 106 

Office. 107 

 108 

Measures 109 

The Humana HRSN survey included questions about multiple individual-level social risks used 110 

in these analyses: food insecurity, housing insecurity, transportation insecurity, and utilities 111 

insecurity; financial strain; and poor housing quality. Although the HRSN survey also asks about 112 

social isolation, this risk was excluded because it does not directly align with the 113 

sociodemographic data captured by area-level social risk measures. 21 114 

the 115 
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question(s) (see: Appendix Table 1) and treated as a dichotomous variable (positive screen: 116 

yes/no).  117 

 118 

Three additional variables were created to correspond to different combinations of individual-119 

level social risks: 1) participants who endorsed one or more social risks related to food 120 

insecurity, housing insecurity, or financial strain (yes/no); 2) participants who endorsed one or 121 

more social risks related to food insecurity, housing insecurity, or transportation insecurity 122 

(yes/no); and 3) participants who endorsed one or more social risks related to food, housing, 123 

transportation, utilities insecurity, financial strain or poor housing quality (yes/no). The first 124 

combination paralleled the analysis conducted by Cottrell et al;18 the second captured domains 125 

that are commonly addressed by SDH interventions and will be incorporated in the 2023 HEDIS 126 

quality measures;22,23 and the third provided the most comprehensive evaluation of individual 127 

social risks.  128 

 129 

Census tracts were linked to corresponding SDI24 scores; census block groups were linked to 130 

ADI25 and NSS15 scores. The 2019 SDI and ADI values were downloaded directly from the 131 

Robert Graham Center and Neighborhood Atlas websites, respectively. NSS scores were 132 

calculated using 2019 American Community Survey data by Humana, based on the methods 133 

described by Ash et al.15 The components of each measure can be found in Appendix Table 2.  134 

SDI and ADI scores correspond to percentiles, such that the level of deprivation in each census 135 

tract and block group can be ranked against others nationwide. Higher scores indicate greater 136 

levels of deprivation, and have been strongly and consistently associated with poor health and 137 

health care outcomes.26 29 The NSS is a more recent area-level deprivation measure that was 138 
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139 

(MassHealth) program.15 Some research suggests it may be a stronger predictor of health care 140 

utilization than the ADI.30  Unlike the other two measures, the NSS is presented as a 141 

standardized range of scores, where 0 represents the mean.  142 

 143 

31 used by Cottrell et al,18 all area-level scores were 144 

dichotomized into the highest versus three lowest quartiles.  145 

 146 

Statistical Analysis 147 

Sociodemographic characteristics, individual-level social risks, and individual-level social risks 148 

of the study population were described using frequencies and percentages. The characteristics of 149 

this member population using standardized 150 

proportional differences to gauge internal generalizability. Values greater than 0.2 were 151 

considered meaningful.32 152 

 153 

SDI, ADI, and NSS scores were subsequently tabulated with responses to food insecurity, 154 

housing insecurity, or financial strain; food insecurity, housing insecurity, or transportation 155 

insecurity; at least one social risk; and each of the six standalone risks (33 crosstabulations in 156 

total) to assess agreement between area and individual-level social risks. Agreement was 157 

calculated by totaling the number of individuals living in a cold spot with a social risk and the 158 

number of individuals that did not live in a cold spot without a social risk, then dividing the sum 159 

by the total population. Hypothesis testing was not conducted because the statistical significance 160 

of an area- -level measures has no bearing on its 161 
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utility. Instead, row and column percentages from the crosstabulations were used to estimate the 162 

sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of 163 

all area-level measures, which better gauged the validity and utility of using area-level measures 164 

to capture individual-level social risk(s).  165 

 166 

Sensitivity and specificity correspond to the true positive and negative rates, respectively. Within 167 

this context, a highly sensitive measure would indicate that most participants who endorsed 168 

individual-level risk(s) live in neighborhoods with the highest area-level deprivation (most 169 

disadvantaged), and a highly specific measure would indicate that most participants who did not 170 

endorse individual-level risk(s) lived in neighborhoods falling in one of the three lowest area-171 

level deprivation quartiles (least disadvantaged). Clinically, PPV and NPVs are used to help to 172 

determine the probability of whether individuals with a positive or negative test have the 173 

condition of interest. Within this context, a high PPV would indicate that most participants living 174 

in the area with the highest deprivation quartile endorsed an individual-level risk(s), and a high 175 

NPV would indicate that most participants living in one of the three lowest deprivation quartiles 176 

did not endorse an individual-level risk.  Unlike sensitivity, PPV and NPV are influenced by the 177 

prevalence of individual social risk(s), such that higher proportions of individual social risks will 178 

correspond to higher PPVs and lower NPVs. 179 

 180 

Post-hoc crosstabulations of area- and individual-level social risks were constructed and 181 

stratified by region and rurality to determine whether they introduced variation. All analyses 182 

were conducted in Summer/Fall 2022 using Stata 14 (StataCorp LLC, College Station, TX). 183 

 184 
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Results 185 

Sample characteristics can be found in Table 1. Most participants identified as female (58%) or 186 

White (73%) and reported speaking English at home (89%). Twenty percent were dually eligible 187 

for Medicaid. Just under half were between 65-74 years of age (49%) and over 60% lived in an 188 

urban location. There were no meaningful sociodemographic differences between the analytic 189 

sample and the total survey-eligible population as determined by standardized proportional 190 

differences (see: Appendix Table 3). About 55% of participants reported at least one social risk, 191 

46% reported a need in food, housing, or financial domains, and 32% reported a need in food, 192 

housing, or transportation domains. Financial strain (41%) and food insecurity (26%) were the 193 

most prevalent reported needs; housing insecurity (8%) and transportation insecurity (10%) were 194 

the least reported needs. One quarter of the sample lived in the highest SDI quartile, 31% lived in 195 

the highest ADI quartile, and 20% lived in the highest NSS quartile. Crosstabulations between all 196 

area and individual-level measures can be found in Appendix Table 4.  197 

 198 

Agreement between area and individual-level social risk indicators ranged from 53-77%; values 199 

were generally highest for the NSS and lowest for the ADI (Table 2). Sensitivity values for each 200 

risk and risk category never exceeded 42% (Figure 1). They were highest for food insecurity, 201 

transportation insecurity, and poor housing quality. Specificity values were much higher, ranging 202 

from 62-87%. They were highest for 203 

204 

discrepancies between the three area-level measures. The ADI consistently had the highest 205 

values for sensitivity (35-42%) and the NSS had the lowest (25-32%); the reverse was true for 206 

specificity values. There was less inter-measure variation among PPVs and NPVs relative to 207 
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sensitivity and specificity, but a much wider range of values with PPV ranging from 8-70% and 208 

NPV ranging from 48-93% (Figure 2).  209 

 210 

The percent agreement between endorsements of food insecurity, housing insecurity, and/or 211 

financial strain and SDI was 58% (Table 2). The sensitivity for this combination was 32% and 212 

the specificity was 81% (Figure 1). The PPV and NPV were both 58% (Figure 2).  213 

 214 

Stratified crosstabulations between area- and individual-level social risks can be found in 215 

Appendix Table 5 and Appendix Table 6. 216 

 217 

Discussion  218 

This analysis expanded upon prior studies18,19 by exploring associations between three area-level 219 

deprivation measures and several combinations of individual-level social risks in a national 220 

sample of MA members. Consistent with the earlier findings, all three area-level measures in this 221 

study were poor indicators of individual-level social risks, with only modest differences in the 222 

utility of different area-level measures. While area-level measures appeared to be better equipped 223 

at discerning which individuals did not endorse social risks (versus those that did), this is less 224 

valuable for most use cases and likely reflects the low prevalence of some social risks rather 225 

than measurement accuracy.  226 

 227 

Notably, this study produced substantially higher specificity values (81% vs. 43%) and lower 228 

sensitivity values (32% vs. 60%) than Cottrell et al.,18 despite the fact that both samples had 229 

similarly high rates of self-reported individual-level social risks. This disparity may be attributed 230 
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to several factors. First, Cottrell et al.18 leveraged data from a national network of Federally 231 

Qualified Health Centers (FQHCs), which serve regions with higher levels of area-level 232 

deprivation and patients with fewer resources than other health care settings in the US.33  It is 233 

therefore more likely the FQHC sample includes a greater percentage of individuals with both 234 

area and individual-level deprivation, and subsequently, a higher likelihood of overlap between 235 

the two. Second, the severity and manifestations of material hardship vary by factors such as race 236 

and age.34 36 The predominantly White sample was less likely to be subjected to the effects of 237 

institutionalized racism (e.g., the social and economic impacts of redlining) than communities of 238 

color, and therefore, less likely to reside in areas with high levels of place-based deprivation 239 

34,35 Yet compared to younger populations, the sample was at greater risk of 240 

experiencing financial strain resulting from health issues or living on a fixed income.36 These 241 

distinctions reflect the many different types of adversity that are not captured adequately by the 242 

more blunt and race-blind area-level measures.37  243 

 244 

The modest performance differences between area-level measures may reflect their composition 245 

and methodology. It is unsurprising that the most sensitive and least specific measure (ADI) 246 

contained the greatest number of components (17). Although the NSS, which was the least 247 

sensitive measure, contained the same number of components as the SDI (7), it excluded housing 248 

domains. This likely impacted its ability to detect individuals with housing or associated social 249 

needs. Finally, since SDI and ADI scores are constructed relative to census tracts and block 250 

groups around the country and the NSS was constructed relative to other Humana members, the 251 

percentage of the population living in an NSS 252 

probability of observing overlap between individual and individual-level social risks since 253 
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 254 

observe a higher specificity.  255 

 256 

These findings support policy efforts to promote individual-level social screening programs in 257 

health care settings, including in evolving quality measure initiatives from the National 258 

Committee for Quality Assurance (NCQA), CMS, and Joint Commission plans,38 40 with the 259 

goal of informing patient-level interventions. Deprivation indices, however, have other valuable 260 

uses within this arena. Area-level information is typically more likely to capture the true 261 

prevalence of population-level risks than information collected from select individuals in a health 262 

care organization. Patients that consistently obtain care and consent to screening may not be a 263 

representative sample of their communities, especially within health care organizations 264 

implementing screening programs in settings (e.g. primary care) that are often less accessible to 265 

marginalized populations.41 Deprivation indices like those examined may therefore be better 266 

positioned to inform or supplement population-level assessments and intervention planning.  267 

 268 

A combination of individual and area-level measures may be especially useful for identifying 269 

populations with needs and simultaneously surfacing gaps in community-level services. The 270 

sizes the 271 

importance of using area-level and individually-reported data to inform social care interventions 272 

and promote health equity.42 Some payors have also begun to use or have proposed using area-273 

level data in conjunction with individual-level social risks to create more equitable payment 274 

models.43,44 For example, MassHealth has created an integrated model that combines area- and 275 

individual-level risk data to increase reimbursement for managed care organizations that serve 276 
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patients with disproportionately higher social risks.15 CMS also has proposed incorporating ADI 277 

data into their new Accountable Care Organization model, such that plans with dually eligible 278 

members or members living with greater deprivation would receive increased funding to address 279 

social and other health needs.45  280 

 281 

Limitations 282 

These findings should be interpreted in light of their limitations. First, the study population was 283 

comprised of a non-random sample. While the distribution of sociodemographic characteristics 284 

was not meaningfully different from the survey-eligible sample, it is conceivable that the results 285 

may have been impacted by selection and reporting bias given the low response rate and 286 

moderate differences  particularly since there was no 287 

social risks. Since the survey was only offered in English and Spanish, populations that spoke 288 

other languages may also be under-reported. In addition, the demographic distribution of the 289 

sample skewed older, Whiter, and more female than the US population.46 While this provided an 290 

opportunity to explore relationships between individual- and individual-level social risks in a 291 

unique subset of the population, it limited the external generalizability of these findings. It is also 292 

possible that potentially inaccurate, inadequate, or omitted address data  as well as margins of 293 

error at the ACS census block group- and tract-level  may have led to measurement bias. Not 294 

all area-deprivation indices were examined (notably absent are the NDI employed by Miller-295 

Rosales et al.19 and the Social Vulnerability Index), nor were all indicators of social conditions 296 

(e.g., regional unemployment rates). Additionally, the performance of the area-level measures 297 

may differ by neighborhood characteristics that are not captured in the study or data of current 298 
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area-level measures. 299 

 300 

Conclusions 301 

This study found that area-level deprivation data from a large MA population did not 302 

consistently align with member-reported social risks. The consequences of relying on area-level 303 

data as proxies for individual-level screening may span from drawing incorrect inferences in 304 

social needs-related health services research to misdiagnosing and under-305 

social needs. However, it is important to underscore that in many cases, survey results from an 306 

engaged health care population are unlikely to reflect the prevalence of needs across a 307 

geographic community, nor do they indicate whether there are sufficient health and social service 308 

resources to effectively address social needs. In these cases, community deprivation indicators 309 

are likely to provide greater value.  310 
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Figure Titles and Footnotes 459 

Figure 1. Sensitivity and specificity of area-level deprivation measures 460 

SDI = Social Deprivation Index 461 

Spec = Specificity 462 

ADI = Area Deprivation Index 463 

NSS = Neighborhood Stress Score 464 

Sens = Sensitivity 465 

 466 

Figure 2. Positive and negative predictive values of area-level deprivation measures  467 

SDI = Social Deprivation Index 468 

PPV = Positive Predictive Value 469 

ADI = Area Deprivation Index 470 

NSS = Neighborhood Stress Score 471 

NPV = Positive Predictive Value472 
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Table 1. Sociodemographic characteristics of the study population 473 
Characteristic Study Sample (n, %) 
Female 45,127 (58) 
Race  
  White  
  Black  
  Other  
  Unknown  
Age  
   20-64 14,471 (19) 
   65-74 38,101 (49) 
   75-84 21,353 (28) 
   85+ 3,578 (5) 
Medicaid dual-eligible  15,606 (20) 
English spoken at homea  66,898 (89) 
Region  
   Northeast 2,648 (3) 
   Midwest 17,446 (23) 
   South 47,151 (61) 
   West 10,258 (13) 
Rurality  
   Urban 48,640 (63) 
   Suburban 19,507 (25) 
   Rural 8,699 (11) 
   Unknown 657 (1) 
Social Risks  
   At least one social risk 42,937 (55) 
   Food insecurity, housing  
   insecurity, or financial strain 

35,579 (46) 

   Food, housing, or  
   transportation insecurity 

24,517 (32) 

   Food insecurity 20,124 (26) 
   Housing insecurity 5,894 (8) 
   Financial strain 31,570 (41) 
   Transportation insecurity 7,803 (10) 
   Utilities insecurity 8,422 (11) 
   Poor housing quality 16,026 (21) 
Highest SDI quartile 19,364 (25) 
Highest ADI quartile 24,292 (31) 
Highest NSS quartile 15,427 (20) 

Note: ADI = Area Deprivation Index; NSS = Neighborhood Stress Score; SDI = Social 474 
Deprivation Index. Sample was drawn -Related Social Needs Medicare 475 
Advantage member survey (N=77,503). At least one social risk category corresponds to 476 
affirmative responses to questions regarding food insecurity, housing insecurity, financial strain, 477 
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transportation insecurity, utilities insecurity, or poor housing quality.  478 
a Missing 3% of values  479 
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Table 2. Agreement between area-level deprivation indicators and individual-level social risks 480 

Social Risk 
Social 

Deprivation 
Index (%) 

Area 
Deprivation 
Index (%) 

Neighborhood 
Stress 

Scale (%) 
At least one social risk    
   Agreement 53 54 53 
   Disagreement 47 46 47 
Food insecurity, housing insecurity, or 
financial straina    
   Agreement 58 58 58 
   Disagreement 42 42 42 
Food, housing, or transportation 
insecurity    
   Agreement 65 62 67 
   Disagreement 35 38 33 
Food insecurity    
   Agreement 68 64 70 
   Disagreement 32 36 30 
Housing insecurity    
   Agreement 73 66 77 
   Disagreement 27 34 23 
Financial strain    
   Agreement 60 59 60 
   Disagreement 40 41 40 
Transportation insecurity    
   Agreement 73 67 77 
   Disagreement 27 33 23 
Utilities insecurity    
   Agreement 71 66 75 
   Disagreement 29 34 25 
Poor housing quality    
   Agreement 69 65 72 
   Disagreement 31 35 28 

a Replication of analysis conducted by Cottrell et al (2020) 481 
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