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Abstract (247 words, limit 250 words): 
Objective:
To assess the association between Social Vulnerability Index (SVI) and surgical site infections (SSIs) using National Healthcare Safety Network (NHSN) criteria.
Design:
Retrospective cohort study between August 1, 2022, and August 31, 2023.
Setting:
20 acute care hospitals in the Southeast United States
Patients:
23,768 total hip arthroplasty, total knee arthroplasty, abdominal hysterectomy, colon, and spinal fusion surgeries in 22,239 patients were included. Procedures with infection present at the time of surgery (PATOS) or incomplete geographic tracking data were excluded.
Methods:
Patient addresses as noted in the electronic health record were geocoded to determine census tract of residence and determine SVI. Demographic and clinical data were linked with SVI scores. SSIs were identified according to NHSN criteria. SVI was categorized into quartiles, and logistic regression was used to evaluate the association between SVI quartile (overall and for each SVI theme) and SSI risk. Subgroup analyses by procedure type and race were performed. Multivariable models of the association between overall SVI and SSI were adjusted for demographic and clinical factors.
Results:
Patients in the top SVI quartiles had significantly higher odds of developing SSIs after adjusting for other clinical and demographic factors. Increased risk was found for socioeconomic status and household characteristics themes, but not for the racial/ethnic minority theme. Association between SVI and SSI risk varied by type of surgery.
Conclusions:
Living in an area with a higher SVI is associated with increased SSI risk. Targeted interventions are needed to mitigate these disparities and improve outcomes.



Introduction
Surgical site infections (SSIs) represent a significant challenge in the realm of surgical care and infection prevention. Approximately 1-3% of surgical patients develop an SSI which can lead to prolonged hospital stays, more surgeries, increased mortality and care costs up to 3 times higher than for patients without an SSI​​.1 The social vulnerabilities contributing to SSIs are complex and multifaceted, involving both individual and community-level determinants.
The Social Vulnerability Index (SVI), developed by the Centers for Disease Control and Prevention (CDC) and the Agency for Toxic Substances and Disease Registry (ATSDR), is a composite measure initially designed to identify communities needing support before, during, and after disasters.2 This index incorporates 16 US Census variables which are compiled into four themes: 1) socioeconomic status, 2) household characteristics, 3) racial and ethnic minority status and 4) housing type and transportation. Higher SVI scores indicate greater vulnerability. The SVI provides a standardized approach for assessing the social determinants that impact health outcomes and can help identify systemic drivers of disparities that extend beyond individual risk factors. 
Several studies have shown an association between various social vulnerability indices, and surgical complications.3-6 Post-operative patients who live in areas with higher vulnerability indices have increased post-surgical readmission rates, longer lengths of stay and higher mortality rates.3,4 Several studies have suggested that patients from areas with higher Area Deprivation Indices (ADI) who underwent hemiarthroplasty or total knee arthroplasty had higher rates of surgical site infections when compared to their peers from areas with lower ADI.7,8 Furthermore, Dyas et al. demonstrated that social vulnerability is linked to higher risk-adjusted rates of postoperative complications, including infection, even after risk adjustment across a broad surgical population​​.9 However, these studies showing an association between SVI and infection have largely used coded data to identify infected patients which has lower sensitivity and positive predictive value when compared to SSIs identified by trained infection preventionists utilizing National Health Safety Network (NHSN) definitions.10-12
[bookmark: _Hlk190504984]Although research is limited, current evidence suggests there may be differences in the incidence of SSIs between racial groups in some surgeries and settings.13,14 A study of over 740,000 patients in the National Surgical Quality Improvement Program (NSQIP) database found racial differences in SSI rates across various surgical subspecialties, with Black patients experiencing higher rates of SSIs following vascular, orthopedic, and gynecological surgeries, compared to Non-Hispanic White patients​​.15 While differences in medical outcomes by race have been documented,16 race and social vulnerability are inexorably linked.  Systemic racism underpins many of the socioeconomic and household factors captured by vulnerability indices, including the SVI. As a result, race is heavily correlated with external conditions such as socioeconomic barriers, healthcare access limitations, and the prevalence of certain comorbidities.17-19 
 Our study aims to evaluate the association between social vulnerability and surgical site infections utilizing NHSN criteria across 5 types of surgical procedures. To our knowledge this is the first study evaluating NHSN SSI outcomes and the CDC SVI metric.
Methods
This retrospective cohort study was conducted between August 1, 2022, and August 31, 2023, across 20 facilities in four geographically distinct regions: the Charlotte Metropolitan and Greater Winston areas in North Carolina, North Georgia and Central Georgia areas. We included patients who underwent one or more of the following procedures: total knee arthroplasty, total hip arthroplasty, abdominal hysterectomy, colon, or spinal fusion surgery. Surgical procedures of interest were identified using NHSN operative procedure codes.12,20
Patient residential addresses as documented in the electronic health record were geocoded to determine census tract and the designated SVI score. Procedures for patients with low-confidence Geographic Information System (GIS) data – such as those listing a post office box, incomplete or missing address, or indicating homelessness – were excluded from the analysis to ensure accuracy and consistency of the dataset used for SVI calculations and avoid misclassification,. 
Demographic and key clinical characteristics associated with increased risk of SSI, such as procedure type, procedure duration,21 urgency of the procedure,22 body mass index (BMI),23 and a diagnosis of diabetes24 were extracted from the medical record to match  the time of the procedure and merged with SVI data. 
SSIs were identified by trained infection preventionists using National Healthcare Safety Network (NHSN) definitions20 and linked to surgical encounters. Procedures identified to have an SSI that met NHSN criteria for infection present at the time of surgery (PATOS) were excluded from the analysis. 
Descriptive statistics including Wilcoxon rank sum test, T-test, Pearson's Chi-squared test, Fisher's exact test were used to describe and compare characteristics in patients with and without SSI. Overall and theme SVI were divided into quartiles with the odds of SSI in the highest SVI quartiles compared to the lower quartiles. Subgroup analyses were conducted by procedure type. 
Patient characteristics were stratified by SVI quartiles to identify potential confounding factors associated with both higher SVI and SSI which were then excluded from the multivariable analysis. 
We used thin-plate smoothing splines in a Bayesian hierarchical logistic regression model to account for the nonlinear response in SVI and the likelihood of SSI. The multivariable model was adjusted for region and multiple procedures using random effects and further adjusted for patient-level characteristics, including age, gender, and procedure type. 
Patient race and ethnicity were determined by the patient’s report as documented in the medical record at the time of registration. To assess for potential differences within racial and ethnic groups, we generated two models using Poisson regression with robust standard errors. The first model calculated the prevalence rate ratio of SSI for each SVI quartile, using the first SVI quartile as the reference, separately for White, Black, and Hispanic patients. The second model calculated the prevalence rate ratio of SSI for Black and Hispanic patients, using White patients as the reference group, separately within each SVI quartile. 
In all cases we used the “mgcv” R package with the package default priors.25
All analysis was completed in R version 4.4.1. The Wake Forest University Institutional Review Board approved the study.
Results
A total of 24,990 surgical procedures were included. Approximately 5% of procedures in the study population were excluded due to patients having either low confidence GIS addresses or meeting NHSN criteria for an SSI with infection present at the time of surgery. The remaining 23,768 procedures on 22,239 patients were included in the study. Twelve percent of procedures were performed on patients that had more than one procedure during the study period. The overall SSI rate was 2% (n=536), with the highest rates observed after colon surgery (5.8%) and abdominal hysterectomy (1.8%). (Figure 1).
 The majority of procedures occurred in the Charlotte metropolitan area (61%). The patient population was predominantly white (74%) with a median age of 64. 4719 procedures (20%) were performed on patients with a preexisting diagnosis of diabetes and the median body mass index (BMI) of patients undergoing procedures was 30 kg/m2. 5229 procedures (22%) occurred in patients living in areas with an SVI in the fourth quartile. The median SVI was lower for the racial and ethnic minority status (0.45) and housing type and transportation themes (0.43) than that for the household characteristics (0.48) and socioeconomic status themes (0.50). This suggests a relatively higher level of vulnerability in the themes of household characteristics and socioeconomic status in our patient population. Patients who underwent a procedure complicated by SSI had significantly higher median overall SVI compared to those without SSI. When evaluating the SVI themes, all themes except for racial and ethnic minority status showed a similar association between higher median SVI and risk of SSI. (Table 1) 
There was a relatively equal distribution of procedures on patients amongst SVI quartiles for all procedure types. Higher BMI, a diagnosis of diabetes, longer procedure duration and undergoing an emergent or trauma-related procedure were associated with both SSI (Table 1) and living in areas with higher SVI quartiles. (Supplementary Table 1)  
In the unadjusted analysis, the odds of developing an SSI were significantly and progressively higher for procedures performed on patients from areas in higher overall SVI quartiles compared to the lowest.  Notably, when evaluating individual SVI themes, patients in the fourth quartile for socioeconomic and household characteristic themes had increased odds of SSI compared to those in the first quartile. A similar association was not seen for the racial and ethnic minority status theme. The association between SVI and SSI in the housing type and transportation theme was more variable, with the third quartile, but not the fourth, being associated with a significantly increased risk of SSI compared to the first. (Figure 2)   
In the multivariable model adjusting for geographic region, age, gender, procedure type, and multiple procedures, the association between higher overall SVI and increased odds of SSI remained significant (p=0.04). The relationship between SVI and SSI was found to be nonlinear, with the increasing odds of SSI plateauing at SVI greater than 0.75 (Figure 3).
In the models stratified by race and ethnic groups, higher SVI quartiles were associated with a higher prevalence of SSI among both Black and White patients, although the effect was more pronounced in Black patients. (Figure 4)  When we stratified by SVI quartile to compare across race and ethnic groups, we did not observe a significant difference in SSI rates between Black or Hispanic patients and White patients. (Supplementary Figure 1) 
In the subgroup analysis by surgery type, the association between overall SVI score and the odds of SSI was strongest for patients who underwent spinal fusion or total knee arthroplasty procedure. Spinal fusion procedures on patients in the highest SVI quartile were 2.2 times more likely to be complicated by SSI compared to those on patients in the lowest SVI quartile. (95% CI 1.1 – 4.5, p=0.03).  Although there was a trend toward increased SSI risk among total knee arthroplasty procedures performed on patients from the fourth SVI quartile compared to the first, this difference did not reach statistical significance. However, knee arthroplasty procedures performed on patients in the third SVI quartile were 3.3 times more likely to be complicated by an SSI compared to those in the first SVI quartile (95% CI: 1.3 – 8.3, p = 0.01). Similar, though non-significant, trends were observed for the other surgery types, with the exception of hip arthroplasty (Figure 5).
Discussion
Although this is the first study to examine the relationship between NHSN-defined surgical site infections (SSI) and the Social Vulnerability Index (SVI), several studies in the literature have identified associations between measures of social vulnerability and coded data on postoperative infections and other surgical outcomes.5,6,15,26-28 The findings of this study underscore the significant association between social vulnerability and postoperative SSIs. Patients residing in areas with high social vulnerability, as measured by the SVI, are at an increased odds of developing an SSI that meets NHSN criteria, even after accounting for individual demographic and clinical characteristics. 
Interestingly, we observed an increased risk of SSI among patients residing in areas with higher SVI quartiles for socioeconomic status and household characteristics, but this association was not evident in the race and minority status SVI theme. It is important to note that systemic racism underlies many of the socioeconomic and household characteristics captured by the SVI. Although higher race and minority status theme SVI was not significantly associated with SSI in our analysis, this does not indicate that racism is unimportant. Instead, it reflects how structural racism manifests in broader societal factors, such as income inequality, inadequate housing, and reduced access to healthcare resources, which are measured in other SVI domains. Notably when we stratified by race, we did observe an increased SSI risk in the higher SVI quartiles for both Black and White patients, but the effect was more pronounced in Black patients. 
The underlying causes for the observed association between living in an area with high social vulnerability and SSI outcomes are undoubtedly multifactorial. Individuals from socially vulnerable backgrounds often face barriers to accessing timely and equitable healthcare, including preventive measures and presumably postoperative care.29 Socioeconomic disadvantages can limit access to clean living conditions, proper nutrition and necessary medical resources—all of which are critical for optimal recovery.29-31 Transportation challenges may limit ability to follow-up postoperatively.32 Additionally, social vulnerability is frequently associated with higher rates of comorbidities such as diabetes33 and obesity33,34, which can impact the risk of developing a SSI35. Our data confirm that patients that live in areas with higher SVI scores often have higher BMI, a greater incidence of diabetes, more emergent procedures and longer procedure durations—all factors that may contribute to poorer surgical outcomes.35 Limited health literacy36 and diminished trust in healthcare providers37 can further complicate adherence to postoperative instructions and follow-up care, also impacting the likelihood of infection. Addressing these disparities requires a multifaceted approach that includes improving access to healthcare, enhancing patient education and providing targeted support to socially vulnerable populations to reduce the risk of SSIs. 
We observed a relatively linear increase in SSI risk among individuals living in areas with low to moderately high SVI scores; however, the risk plateaued for those procedures performed on patients living in areas with SVI scores above 0.75. Several drivers may explain this phenomenon. Biological and behavioral risk factors may plateau at more extreme levels of social vulnerability and as such their additional contribution to SSI risk may level off. At the highest levels of social vulnerability, other factors, such as hospital-level characteristics (e.g., resource availability, infection control practices, postoperative care delivery) may play more of a role. Patients living in areas with high SVI may be disproportionately lost to follow-up or less likely to undergo elective surgeries due to barriers in healthcare access, leaving only those with urgent or life-threatening conditions, where infection risk may be driven more by the nature of the surgery than by social vulnerability. Finally, those patients living in areas with the highest SVI scores may face uniformly high levels of multiple risk factors leading to a “ceiling effect” (i.e. once a certain threshold of vulnerability is reached, additional increases in SVI might not significantly escalate risk because these individuals are already maximally impacted).   
In the subgroup analysis for overall SVI and type of procedure, we found some variability in results. This finding bears future investigation to determine whether these differences reflect variations in procedure-specific risk profiles (e.g., lower baseline risk of infection) and potentially unmeasured confounders such as access to postoperative care, patient selection bias, or more advanced pre- and post-operative optimization protocols. We did not analyze individual types of procedure by SVI themes, so it is also possible that different SVI themes had varying impact on different types of surgeries.
To effectively address the detected disparities and enhance patient care for those from areas with higher social vulnerability, a multifaceted approach is needed. Prospective identification of patients at increased risk due to social vulnerability may allow for targeted use of preoperative optimization strategies to optimize patients’ health before surgery. Interventions include nutritional support, glycemic control, weight loss and smoking cessation as examples.1 In addition, providing additional resources and support postoperatively may have an even more sustained impact for patients from high SVI areas. Ensuring access to follow-up care, home health services and targeted education on wound care and infection prevention could be considered. Access to community health workers, social workers and patient navigators can play a vital role in connecting patients with necessary services and support systems.38,39 Healthcare systems should advocate for policies that address the structural factors that feed into social vulnerability including supporting initiatives aimed at increasing access to healthcare services in underserved communities. Ongoing research is essential to understand the complex interplay of social and clinical factors affecting surgical outcomes. 
One of the study's strengths is its large sample size and inclusion of multiple geographic regions, which enhances the generalizability of the findings. However, variations in local demographics, healthcare infrastructure and region-specific factors can influence SSI risk. While similar patterns between SVI and SSI may emerge, further studies are needed in diverse settings. Several other limitations should be acknowledged beyond the retrospective nature of the study. The exclusion of patients with low-confidence addresses may introduce selection bias and underrepresent vulnerable groups such as individuals living with homelessness. By removing these records, the analysis may underestimate true infection rates among more vulnerable communities. Similarly, the addresses which were used were those that were documented in the EHR, and do not reflect changes in address over the duration of care. Finally, the complex interplay of social and clinical factors may not be fully captured by the SVI alone (e.g., SVI reflects community-level rather than individual-level social determinants of health).
In conclusion, this study underscores the profound impact of social vulnerability, as captured by the SVI, on the risk of SSI. While race alone did not emerge as a direct predictor in our analysis, systemic racism reflected through socioeconomic and household vulnerabilities, remains a fundamental driver behind health disparities in surgical outcomes. This finding calls for a shift in how we approach disparities in SSI risk, moving beyond the use of race as a determinant, to focus on addressing the structural inequities that disproportionately affect marginalized communities. Targeted interventions that address social vulnerability through community level support, enhanced access to resources and healthcare equity, are crucial for mitigating the risk of SSIs and improving health outcomes for all patients. As healthcare systems work toward reducing inequities, addressing the sources of social vulnerability will be imperative in ensuring more effective, equitable and sustainable improvements in postoperative care.
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Figure Legends
Figure 1: This figure illustrates the study population, detailing the inclusion and exclusion criteria as well as detailing the type and number of procedures with the corresponding surgical site infection (SSI) rates expressed as the number of SSIs per 100 procedures.  
Figure 2: This figure compares the unadjusted odds of surgical site infection (SSI) across social vulnerability index (SVI) quartiles for all procedures combined. For overall SVI and individual SVI themes, odds for each quartile with the associated 95% confidence intervals are presented relative to the lowest SVI quartile as the reference group. 
Figure 3: This figure illustrates the odds of surgical site infection (SSI) by Social Vulnerability Index (SVI) score, after adjusting for geographic region, multiple procedures, age, gender, and procedure type. Factors associated with both living in a top quartile SVI area and SSI risk were not included in the model to minimize confounding. 
Figure 4: This figure illustrates estimated prevalence rate ratios of SSI for each overall SVI quartile stratified by racial/ethnic groups with 95% confidence intervals shown (error bars). Note the reference groups is the first SVI quartile (lowest social vulnerability) 
Figure 5: This figure illustrates the unadjusted odds of surgical site infection (SSI) across social vulnerability index (SVI) quartiles stratified by type of procedure. For each type of surgery, odds for each quartile of overall SVI with the associated 95% confidence interval are presented relative to the lowest SVI quartile as the reference group. 


Table 1: Demographic and clinical characteristics of patients undergoing surgical procedures, comparing patients with and without surgical site infections 
	
	All Procedures
N = 23768
	No SSI
N = 23328
	SSI
N = 440
	p-valuea

	Demographics

	Geographic Region, n (%)
    Charlotte Metropolitan
    Greater Winston
    North Georgia 
    Central Georgia
	
14479 
5256
1213
2820
	
(61)
(22)
(5)
(12)
	
14238
1190
2768
5132
	
(61)
(5)
(12)
(22)
	
241
23
52
124
	
(55)
(5)
(12)
(28)
	0.02

	Median Age (IQR)
	64
	(52-73)
	64
	(51-72)
	60
	(46-71)
	<0.01

	Male, n (%)
	8412
	(35)
	8235
	(35)
	177
	(40)
	0.03

	Race, n (%)
    Non-Hispanic White
    Non-Hispanic Black
    Hispanic
    Other/Unknown
	
17671
4530
742
825
	
(74)
(19)
(3)
(3)
	
17353
4432
728
815
	
(74)
(19)
(3)
(3)
	
318
98
14
10
	
(72)
(22)
(3)
(2)
	0.27

	Procedural Characteristics

	Procedure Type, n (%)
    Total Knee Arthroplasty
    Total Hip Artroplasty
    Colon
    Abdominal Hysterectomy
    Spinal Fusion
	
6819
5385
3017
4641
3906
	
(29)
(23)
(13)
(20)
(16)
	
6768
5316
2841
4556
3847
	
(29)
(23)
(12)
(20)
(17)
	
51
69
176 
85
59
	
(12)
(16)
(40)
(19)
(13)
	<0.01

	Procedure Count, n (%)
    1
    2
    3+
	
20852
2608
308
	
(88)
(11)
(1)
	
20564
2494
270
	
(88)
(11)
(1)
	
288
114
38
	
(65)
(26)
(9)
	<0.001

	ASA Score, n (%)
    1
    2
    3
    4
    5
	
368
8762
13116
1430
92
	
(2)
(37)
(55)
(6)
(0)
	
366
8656
12846
1373
87
	
(2)
(38)
(55)
(6)
(0)
	
2
106
270
57
5
	
(1)
(24)
(61)
(13)
(1)
	<0.01

	Trauma, n (%)
	701
	(3)
	671
	(3)
	30
	(7)
	<0.01

	Emergency, n (%)
	996
	(4)
	941
	(4)
	55
	(13)
	<0.01

	Median Procedure Duration, 
minutes (IQR)
	104
	(80-147)
	103
	(80-147)
	148
	(98-215)
	<0.01

	Median BMI (IQR)
	30
	(26-35)
	30
	(26-35)
	30
	(25-35)
	0.80

	Diabetes, n (%)
	4719
	(20)
	4602
	(20)
	117
	(27)
	<0.01


	  Social Vulnerability Index Themes, median (IQR) 

	  Overall
	0.46
	(0.24-0.71)
	0.46
	(0.24-0.71)
	0.54
	(0.31-0.77)
	<0.001

	  Socioeconomic Status
	0.50
	(0.29-0.75)
	0.50
	(0.29-0.75)
	0.56
	(0.36-0.79)
	<0.001

	  Household Characteristics
	0.48
	(0.25-0.76)
	0.48
	0.25-0.75)
	0.55
	(0.31-0.78)
	0.006

	  Racial and Ethnic Minority   Status
	0.45
	(0.27-0.64)
	0.45
	(0.27-0.64)
	0.44
	(0.27-0.66)
	0.8

	  Housing Type and Transportation
	0.43
	(0.22-0.66)
	0.43
	(0.22-0.66)
	0.47
	(0.25-0.68)
	0.03


	SSI Characteristics, n (%)

	Depth of Infection
  Superficial
  Deep/Organ Space
	
144
296
	
(0.6)
(1.2)
	---
	---
	---



SSI, Surgical Site Infection; IQR, Interquartile range; ASA American Society of Anesthesiologists, BMI Body Mass Index
a Wilcoxon rank sum test; T-test, Pearson's Chi-squared test; Fisher's exact test
