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Introduction: Community-acquired pneumonia (CAP) is a major health concern in the United States (US), with its incidence, severity, and outcomes influenced by social determinants of health, including socioeconomic status. The impact of neighborhood socioeconomic status, as measured by the Distressed Communities Index (DCI), on CAP-related admissions remains understudied in the literature.

Objective: To determine the independent association between DCI and CAP-related admissions in Maryland.

Methods: We conducted a retrospective study using the Maryland State Inpatient Database (SID) to collate data on CAP-related admissions from January 2018 to December 2020. The study included adults aged 18–85 years. We explored the independent association between community-level economic deprivation based on DCI quintiles and CAP-related admissions, adjusting for significant covariates.

Results: In the study period, 61,467 cases of CAP-related admissions were identified. The patients were predominantly White (49.7%) and female (52.4%), with 48.6% being over 65 years old. A substantive association was found between the DCI and CAP-related admissions. Compared to prosperous neighborhoods, patients living in economically deprived communities had 43% increased odds of CAP-related admissions.

Conclusion: Residents of the poorest neighborhoods in Maryland have the highest risk of CAP-related admissions, emphasizing the need to develop effective public health strategies beneficial to the at-risk patient population.
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Introduction

Community-acquired pneumonia (CAP) is consistently among the leading causes of morbidity and mortality worldwide, with substantial clinical and economic impact (1, 2). The disease occurs in approximately 4 million adults in the United States (US), accounting for about 1.5 million hospitalizations (3, 4). Among hospitalized adults, CAP is associated with a substantial mortality burden of over 100,000 in-hospital deaths per year (3, 5). The combination of CAP and influenza remains among the top 10 leading causes of death in the US, ranking 9th in 2020, while the mortality rate of CAP ranks the highest among infectious diseases (5–8).

CAP therefore represents a significant public health challenge, imposing a considerable burden on individuals and the healthcare system (3, 5, 9). The association between socioeconomic factors, environmental influences, and the development of infectious diseases, such as CAP, is increasingly recognized as a critical determinant of health outcomes (10–12).

The pathophysiology of CAP involves complex microbial mechanisms, majorly influenced by bacterial pathogens such as Streptococcus pneumoniae, Haemophilus influenzae, and atypical organisms like Mycoplasma pneumoniae (7, 13, 14). The immune response to these pathogens is mediated by various cellular processes, including the activation of alveolar macrophages and the release of inflammatory cytokines such as tumor necrosis factor-alpha (TNF-α), interleukin-1 (IL-1), and interleukin-6 (IL-6) (15, 16). These cytokines contribute to characteristic pneumonia symptoms, like fever, cough, and chest pain. TNF-α, especially, has been identified as an important cytokine, responsible for regulating several cellular activities that lead to pneumonia’s clinical manifestations (17–19). It promotes the recruitment of neutrophils, increased vascular permeability, and consolidation of lung tissues. Targeting the inflammatory cascade provides a potential therapeutic approach, given its significant role in the exacerbation of pneumonia symptoms (19).

Considering the environment and its condition further expands the gap in patient outcomes associated with CAP. The prevalence of respiratory infections in recent years has been closely linked to the degradation of natural ecosystems through pollution (20–23). Allergens and particulate matter, which serve as pollutants, impair immune responses, making individuals more susceptible to respiratory infections like CAP (24, 25). Similarly, climate change plays a pivotal role in the proliferation of infectious agents and increased frequency of extreme weather events, potentially worsening the disease burden of CAP (26, 27). Notably, these environmental factors intertwine with neighborhood economic deprivation to a large extent (23, 26).

While CAP is a crucial health concern, it is also a substantial economic burden in the US. With the steady increase in the CAP-related cases, the US spends a large amount of the healthcare expenditures on CAP, accounting for both its direct and indirect costs (28–31). Direct costs such as medical expenses associated with doctor’s visits, medications, and hospitalizations are covered by revenue generated from American taxpayers (31, 32). Indirect costs which entail decreased job performance and productivity losses due to absenteeism are a significant portion of this financial burden (31). In total, the annual expenditure for pneumonia events in 2014 was $3 billion for individuals with diabetes and $9 billion for those without diabetes in the United States (32). This high economic burden of CAP can likely be attributed to each patient’s socioeconomic position (33).

The socioeconomic context that defines an individual significantly affect their health outcomes (34). Neighborhoods characterized by economic deprivation often experience adverse environmental hazards, coupled with limited healthcare access, and insufficient resources for disease management (35). Investigating the critical interplay between neighborhood economic deprivation and CAP-related hospital admissions, this study aims to determine their independent association in the state of Maryland using the Distressed Community Index (DCI). We seek to provide valuable insights into geographical variations and emphasize the urgency of addressing health disparities.



Methods


Study design and dataset

In this present study, we conducted a retrospective analysis of all hospitalizations with the diagnosis of CAP in the Maryland State Inpatient Databases (SID) from January 2018 to December 2020. The SIDs, as designed by the Healthcare Cost and Utilization Project (HCUP), are state-specific inpatient department databases that contain information on all hospital visits that result in admission (36). These databases are a valuable resource for examining healthcare utilization, access, charges, quality, and outcomes. They are also useful for analyzing rare conditions due to its extensive sample size and each of the reported discharges are de-identified.

Using the Maryland SID, we utilized the DCI to measure community-level socioeconomic deprivation. We further performed multivariate logistic regression analyses to examine the independent associations between neighborhood socioeconomic factors that influence CAP-related admissions.



Inclusion and exclusion criteria

The inclusion criteria were defined as all patients residing in Maryland who underwent hospitalization following a primary CAP diagnosis between January 2018 and December 2020. Exclusion criteria included individuals younger than 18 years or older than 85 years, as well as patients lacking complete zip code information.



Dependent variable

The primary outcome of this study was the occurrence of CAP-related admissions. These admissions were identified based on the International Classification of Diseases-10 (ICD-10) diagnosis codes and records (see Supplementary file).



Independent variable

The variable of interest in this analysis was the DCI. We utilized the DCI as a tool to measure community-level socioeconomic deprivation. The Economic Innovation group created the DCI using seven local metrics to quantify socioeconomic risk (37). These metrics include the proportion of the population (age ≥ 25 years) without a high school diploma or equivalent, the ratio of housing units that are vacant after adjustment for recreational, seasonal, or occasional use vacancies, and the proportion of the population age 25–54 years who are not working (either unemployed or not in the labor force). Others include the proportion of residents living below the federal poverty rate, the median household income as a percent of a metro area or the state median household income, and changes in the number of employees working in the area and the number of business establishments in the zip code. From this information, scores ranging from 0 (no distress) to 100 (severe distress) are obtained by ranking ZIP codes on each of those metrics, averaging them, and normalizing data to generate a relative measure of socioeconomic distress. These scores are further stratified to classify American communities into five levels of socioeconomic distress (prosperous, comfortable, mid-tier, at-risk, and distressed) (37). This meticulous approach allows the DCI to provide a nuanced view of the socioeconomic landscapes across various communities, aiding policymakers, researchers, and the public in identifying areas in need of attention and resources (38).



Covariates

Our analysis included significant covariates to address potential confounders and better isolate the independent association between neighborhood poverty and CAP-related admissions. Demographic data assessed were age (18–45 years, 45–65 years, and > 65 years), sex (male, females), insurance type (Medicare, Medicaid, Private Insurance, Self-pay and Other), and estimated median household income of residents in the patient’s ZIP codes stratified into 4 quartiles (quartile I: $1 - $49,999, quartile II: $50,000 - $64,999, quartile III: $65,000 - $85,999 and quartile IV: $86,000+). We also utilized the HCUP classification for patients’ race as Non-Hispanic White, Non-Hispanic Black, Hispanic, Non-Hispanic Asian/Pacific Islander, Non-Hispanic Native American, and Non-Hispanic Others (36). We identified patients with some traditional risk factors (preexisting diabetes mellitus, hypertension, obesity, dementia, and HIV infection) and included patients with some lifestyle behaviors (alcohol addiction and smoking) in the analysis (see Supplementary file).



Statistical analysis

We utilized descriptive statistics such as frequencies and percentages to describe patients’ demographics, common comorbidities, and lifestyle behaviors. Using Pearson chi-square tests, we evaluated the relationship between the studied variables and CAP-related admissions. In the final multivariate logistic regression analyses, we estimated the independent association between DCI and the risk of hospitalizations because of CAP. The results were reported as adjusted odds ratios and 95% confidence intervals. A 2-tailed p-value <0.05 was considered statistically significant. All statistical analyses were performed using the STATA 14 (StataCorp College Station, TX).




Results

There were 1,695,697 hospitalizations reported in the Maryland SID during the study period, of which 61,467 were CAP-related admissions.

Table 1 presents the baseline characteristics of the patient population, stratified by indications for admission (CAP vs. No CAP). Age distribution showed significant differences (p < 0.001) between the two groups. Hospitalized patients with CAP were older, with 48.6% over 65 years compared to 33.9% in the No CAP group. Additionally, the 18-45 years age group constituted only 16.2% of the CAP patients versus 40.5% of the No CAP patients. Gender distribution also varied significantly (p < 0.001) as a higher percentage of females were in the CAP group (52.4%) compared to the No CAP group (43.0%).



TABLE 1 Baseline distribution of study variables stratified by indications for admissions related to community acquired pneumonia, 2018–20.
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Race/ethnicity differed significantly among the two groups. While 49.7% of patients with CAP identified as Non-Hispanic White and 36.0% as Non-Hispanic Black, patients who were Non-Hispanic White and Non-Hispanic Black in the No CAP group represented 53.4 and 33.4%, respectively. Among patients with CAP, 55.4% of the patients utilize Medicare, 23.5% use private insurance, and 2.4% are uninsured. Other variables such as income, comorbidities, and lifestyle behaviors also showed significant differences between the groups. Specifically, patients with comorbidities and lifestyle behaviors constituted a larger proportion of the CAP group than the No CAP group. Across the 5 strata of neighborhood economic deprivation, the DCI also varied significantly for both groups.

In Table 2, the logistic regression analysis presents the odds of CAP-related admissions, highlighting the associations with various significant risk factors. Age was noted as a critical factor in CAP-related admissions. Compared to the reference group (18–45 years), individuals aged 45–65 years had more than three times the odds (OR = 3.42, 95% CI: 3.32–3.52, p < 0.001) and those over 65 years had an even higher odds ratio (OR = 3.71, 95% CI: 3.57–3.85, p < 0.001). Female patients had a lower likelihood of CAP-related admissions compared to male patients (OR = 0.72, 95% CI: 0.71–0.74, p < 0.001). Racial and ethnic disparities were also evident; patients that identified as Black (OR = 1.25, 95% CI: 1.23–1.28, p < 0.001), Hispanic (OR = 2.11, 95% CI: 2.03–2.18, p < 0.001), Native American (OR = 1.61, 95% CI: 1.35–1.92, p < 0.001), and other races (OR = 1.40, 95% CI: 1.32–1.48, p < 0.001) had significantly higher odds of CAP-related admissions compared to White patients.



TABLE 2 Risk factors for admissions related to community acquired pneumonia, 2018–20.
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Insurance type and income level also influenced CAP admissions. Compared to those with private insurance, uninsured patients had significantly higher odds of CAP-related admissions (OR = 1.84, 95% CI: 1.73–1.95, p < 0.001). Conversely, Medicare (OR = 0.77, 95% CI: 0.75–0.80, p < 0.001) and Medicaid patients (OR = 0.97, 95% CI: 0.94–0.99, p = 0.03) were less likely to be hospitalized on account of CAP. Income levels showed a gradient effect, with a higher likelihood of CAP admissions associated with higher income quartiles (Quartile II: OR = 1.11, 95% CI: 1.05–1.15, p < 0.001; Quartile III: OR = 1.21, 95% CI: 1.14–1.28, p < 0.001; Quartile IV: OR = 1.31, 95% CI: 1.23–1.40, p < 0.001). Comorbidities such as smoking, hypertension, diabetes mellitus, HIV, obesity, and dementia were also significant risk factors for CAP admissions, with obesity (OR = 1.78, 95% CI: 1.75–1.81, p < 0.001) and HIV (OR = 2.92, 95% CI: 2.78–3.08, p < 0.001) showing the highest odds ratios among these conditions.

The analysis further revealed a significant association between DCI and CAP-related admissions. Patients from distressed communities had a notably higher odds ratio (OR = 1.43, 95% CI: 1.34–1.52, p < 0.001) for CAP admissions compared to those from prosperous communities. Similarly, those from mid-tier and at-risk communities also demonstrated increased odds of CAP admissions (OR = 1.25, 95% CI: 1.20–1.29, p < 0.001 and OR = 1.19, 95% CI: 1.13–1.24, p < 0.001 respectively). Even patients from comfortable communities showed a slight but significant increase in CAP risk (OR = 1.09, 95% CI: 1.06–1.12, p < 0.001). Figure 1 adequately illustrates the independent association between the DCI and CAP-related admissions by depicting the increased risk associated with various community distress levels compared to the reference group (residents of the poorest neighborhoods).

[image: Figure 1]

FIGURE 1
 Association between neighborhood distress and CAP-related admissions. CI, Confidence Interval; IV, Inverse Variance; OR, Odds Ratio. The forest plot shows the association between the DCI and CAP-related admissions. OR (95% CI) indicate higher CAP risk with increasing community distress, compared to the richest neighborhoods (reference OR = 1.00). The vertical line represents the reference odds ratio (OR = 1.00) for residents of the richest neighborhoods. The overall effect estimate (OR = 1.16, 95% CI: 1.14–1.19) is also shown, indicating a significant association between higher community distress and increased risk of CAP-related admissions. The error bars represent the 95% CI for each OR, illustrating the precision of the estimates.




Discussion

Our study importantly highlights the significant impact of socioeconomic conditions on the CAP-related hospitalizations in Maryland, particularly emphasizing the independent association of DCI with CAP-related admissions. We reported a striking 43% increase in CAP-related admissions among individuals living in the poorest neighborhoods compared to those residing prosperous neighborhoods. Our results align with previous studies that have shown similar associations between neighborhood poverty and increased rates of CAP-related admissions (33, 39).

Several potential pathways may explain the observed association. Individuals in distressed communities often experience multiple disadvantages, including limited access to healthcare, poor housing conditions, higher prevalence of chronic diseases, and greater exposure to environmental hazards (33, 40, 41). These factors collectively contribute to a higher risk of infections such as CAP. In addition, the stress associated with living in economically deprived areas can weaken immune responses, making residents more susceptible to infections (42, 43). The findings imply that addressing social determinants of health through policy interventions and community-level programs is crucial for reducing CAP incidence in impoverished neighborhoods.

Few studies have reported no significant association between neighborhood poverty and CAP-related admissions (44). These discrepancies could be due to regional variations in healthcare access, differences in study methodologies, or the presence of unmeasured confounding factors. Further efforts need to be expended to investigate these inconsistencies and to better understand the complex interplay between neighborhood socioeconomic status and health outcomes.

A critical factor influencing CAP-related admissions is age. Our analysis shows that individuals aged 45–65 years and those over 65 years had significantly higher odds of CAP-related admissions compared to the 18–45 age group. This age-related increase in CAP risk could be attributed to the natural decline in immune function with age, increased prevalence of comorbid conditions, and greater cumulative exposure to risk factors (41, 45, 46). These findings highlight the importance of targeted preventive measures, such as vaccination and early intervention, for older adults to mitigate their higher CAP risk.

Sex differences in CAP-related admissions were evident, with females exhibiting 28% lower odds of CAP-related admissions compared to males. This disparity may be as a result of biological differences, such as hormonal variations that affect immune responses, as well as behavioral factors, including healthcare-seeking behaviors and exposure to risk factors like smoking (47, 48). Understanding these sex-specific differences is crucial for developing tailored interventions to reduce CAP incidence among both men and women.

Our study also revealed significant racial and ethnic disparities in CAP-related admissions. Minority groups such as Blacks, Hispanics and Asian/Pacific Islander had higher odds of CAP-related admissions compared to Whites. These disparities likely reflect underlying socioeconomic inequalities, differences in healthcare access and utilization, and potential cultural influences on health behaviors. This pattern is seen in so many other conditions in the United States highlighting the systemic nature of significant racial disparities in health outcomes across a wide range of disease conditions (49). Efforts to address these disparities should focus on promoting access to healthcare, increasing cultural competence among healthcare providers, and implementing community-based interventions that address specific needs of these populations.

Insurance status emerged as a significant determinant of CAP-related admissions. Compared to individuals with private insurance, those on Medicare, Medicaid and other insurance had lower odds, while uninsured individuals had a substantially higher likelihood of CAP-related admissions. Individuals with Medicaid and Medicare had lower odds of CAP-related admissions which could be due to better access to preventive care and chronic disease management. In contrast, uninsured individuals were more likely to be admitted for CAP due to delayed healthcare seeking, lack of preventive care, poor chronic disease management, and socioeconomic disadvantages (40, 42). Addressing these disparities is crucial for improving health outcomes.

Income level showed a gradient association with CAP-related admissions, with higher odds observed in Quartile II (OR 1.11, 95% CI 1.05–1.15, p < 0.001), Quartile III (OR 1.21, 95% CI 1.14–1.28, p < 0.001), and Quartile IV (OR 1.31, 95% CI 1.23–1.40, p < 0.001) compared to Quartile I. Higher income was paradoxically associated with increased CAP-related admissions possibly because of advanced diagnostic practices and healthcare access leading to more frequent hospital admissions. These findings may be influenced by other factors not explored in this present study or complex interactions between the study variables and should therefore be interpreted with caution.

CAP-related admissions were also significantly by comorbid conditions and lifestyle behavior. Hypertension, diabetes mellitus, HIV, obesity, dementia and smoking were all associated with higher odds of CAP-related admissions (33, 50). These comorbidities likely contribute to increased susceptibility to infections and poorer health outcomes. Conversely, alcohol abuse was associated with lower odds of CAP-related admissions, which may be due to underreporting or complex interactions with other health behaviors and conditions.



Limitations and strengths

This study has several limitations and strengths that should be noted. One major limitation is its observational design, which hinders our ability to establish causality between the identified risk factors and CAP-related admissions. In addition, while we controlled for several variables, there may be unmeasured confounders such as individual health behaviors and environmental exposures that were not fully accounted for. The reliance on administrative records for data accuracy is another limitation, as these records can contain errors or omissions that may affect the study’s findings. Moreover, socioeconomic status was measured at the neighborhood level rather than the individual level, which may not fully capture the nuances of personal socioeconomic conditions.

Despite these limitations, the study has significant strengths. The large and diverse sample size enhances the generalizability of the findings across different population groups. The comprehensive analysis of multiple socioeconomic and health-related factors provides a detailed understanding of the disparities in CAP-related admissions. This robust assessment allows for a nuanced examination of how distinct demographic groups are affected by CAP, informing targeted public health interventions. Additionally, the use of a well-validated measure, such as the DCI, strengthens the reliability of the socioeconomic status assessment.



Conclusion

Our study found that individuals living in the poorest neighborhoods have significantly higher odds of CAP-related admissions compared to those in the wealthiest neighborhoods. This underscores the profound impact of neighborhood socioeconomic disparities on health outcomes. The public health implications highlight the urgent need for targeted interventions to improve access to healthcare and preventive services in socioeconomically disadvantaged areas. Further research is needed to explore the underlying mechanisms of these disparities and develop effective strategies to reduce the burden of CAP among vulnerable populations.



Data availability statement

The data analyzed in this study is subject to the following licenses/restrictions: datasets are available with the authors and can be accessed by contacting the corresponding author. Requests to access these datasets should be directed to EO, eunice.odusanya@bison.howard.edu.



Ethics statement

Ethical approval was not required for the study involving humans in accordance with the local legislation and institutional requirements. Written informed consent to participate in this study was not required from the participants or the participants' legal guardians/next of kin in accordance with the national legislation and the institutional requirements.



Author contributions

OA: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Software, Validation, Visualization, Writing – original draft, Writing – review & editing. MF: Conceptualization, Data curation, Investigation, Project administration, Validation, Visualization, Writing – original draft, Writing – review & editing. EO: Conceptualization, Investigation, Project administration, Validation, Visualization, Writing – original draft, Writing – review & editing. TW: Conceptualization, Investigation, Project administration, Validation, Visualization, Writing – original draft, Writing – review & editing. OO: Project administration, Validation, Visualization, Writing – original draft, Writing – review & editing. MM: Supervision, Validation, Writing – review & editing, Writing – original draft. KH: Supervision, Validation, Writing – review & editing, Writing – original draft.



Funding

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



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.2024.1412671/full#supplementary-material



References

 1. Mahendra, M, Jayaraj, BS, Limaye, S, Chaya, SK, Dhar, R, and Mahesh, PA. Factors influencing severity of community-acquired pneumonia. Lung India. (2018) 35:284–9. doi: 10.4103/lungindia.lungindia_334_17 

 2. Dequin, PF, Meziani, F, Quenot, JP, Kamel, T, Ricard, JD, Badie, J , et al. Hydrocortisone in severe community-acquired pneumonia. N Engl J Med. (2023) 388:1931–41. doi: 10.1056/NEJMoa2215145 

 3. Ramirez, JA
. Overview of community-acquired pneumonia in adults. (2024). Available online at: https://www.uptodate.com/contents/overview-of-community-acquired-pneumonia-in-adults. Accessed November 2023


 4. Ramirez, JA, Wiemken, TL, Peyrani, P, Arnold, FW, Kelley, R, Mattingly, WA , et al. Adults hospitalized with pneumonia in the United States: incidence, epidemiology, and mortality. Clin Infect Dis. (2017) 65:1806–12. doi: 10.1093/CID/CIX647


 5. Ferreira-Coimbra, J, Sarda, C, and Rello, J. Burden of community-acquired pneumonia and unmet clinical needs. Adv Ther. (2020) 37:1302–18. doi: 10.1007/s12325-020-01248-7 

 6. Baer, SL
. Community-acquired pneumonia (CAP). Medscape. (2024). Available online at: https://emedicine.medscape.com/article/234240-overview?form=fpf. Accessed November 2023


 7. Davis, BM, Aiello, AE, Dawid, S, Rohani, P, Shrestha, S, and Foxman, B. Influenza and community-acquired pneumonia interactions: the impact of order and time of infection on population patterns. Am J Epidemiol. (2012) 175:363–7. doi: 10.1093/aje/kwr402 

 8. Fan, G, Zhou, Y, Zhou, F, Yu, Z, Gu, X, Zhang, X , et al. The mortality and years of life lost for community-acquired pneumonia before and during COVID-19 pandemic in China. Lancet Reg Health West Pac. (2023) 42:100968. doi: 10.1016/j.lanwpc.2023.100968 

 9. File, TM Jr, and Marrie, TJ. Burden of community-acquired pneumonia in north American adults. Postgrad Med. (2010) 122:130–41. doi: 10.3810/pgm.2010.03.2130 

 10. Sokolow, SH, Nova, N, Jones, IJ, Wood, CL, Lafferty, KD, Garchitorena, A , et al. Ecological and socioeconomic factors associated with the human burden of environmentally mediated pathogens: a global analysis. Lancet Planet Heal. (2022) 6:e870–9. doi: 10.1016/S2542-5196(22)00248-0 

 11. Ye, X, Wang, Y, Zou, Y, Tu, J, Tang, W, Yu, R , et al. Associations of socioeconomic status with infectious diseases mediated by lifestyle, environmental pollution and chronic comorbidities: a comprehensive evaluation based on UK biobank. Infect Dis Poverty. (2023) 12:5. doi: 10.1186/s40249-023-01056-5 

 12. European Centre for Disease Prevention and Control
. Social determinants and risk factors in tuberculosis surveillance in the EU/EEA. (2017). Available online at: https://www.ecdc.europa.eu/en/publications-data/social-determinants-and-risk-factors-tuberculosis-surveillance-eueea. Accessed November 2023


 13. Sialer, S, Difrancesco, LF, Fabregas, TF, and Torres, A. Community-acquired pneumonia. Metabolism of Human Dis. (2014):227–31. doi: 10.1007/978-3-7091-0715-7_34


 14. Cillóniz, C, Cardozo, C, and García-Vidal, C. Epidemiology, pathophysiology, and microbiology of communityacquired pneumonia. Ann Res Hospitals. (2018) 2:2. doi: 10.21037/arh.2017.12.03


 15. Tanaka, T, Narazaki, M, and Kishimoto, T. IL-6 in inflammation, immunity, and disease. Cold Spring Harb Perspect Biol. (2014) 6:a016295. doi: 10.1101/cshperspect.a016295


 16. Faraj, SS, and Jalal, PJ. IL1β, IL-6, and TNF-α cytokines cooperate to modulate a complicated medical condition among COVID-19 patients: case-control study. Ann Med Surg (Lond). (2023) 85:2291–7. doi: 10.1097/MS9.0000000000000679 

 17. Pandey, P, and Karupiah, G. Targeting tumour necrosis factor to ameliorate viral pneumonia. FEBS J. (2022) 289:883–900. doi: 10.1111/febs.15782 

 18. Takashima, K, Tateda, K, Matsumoto, T, Iizawa, Y, Nakao, M, and Yamaguchi, K. Role of tumor necrosis factor alpha in pathogenesis of pneumococcal pneumonia in mice. Infect Immun. (1997) 65:257–60. doi: 10.1128/iai.65.1.257-260.1997 

 19. Ha, R, Keynan, Y, and Rueda, ZV. Increased susceptibility to pneumonia due to tumour necrosis factor inhibition and prospective immune system rescue via immunotherapy. Front Cell Infect Microbiol. (2022) 12:980868. doi: 10.3389/fcimb.2022.980868


 20. Rodríguez-Fernández, P, Prat-Aymerich, C, and Domínguez, J. Interaction Between Environmental Pollution and Respiratory Infections. Interacción entre contaminación ambiental e infecciones respiratorias. Arch Bronconeumol (Engl Ed). (2019) 55:351–2. doi: 10.1016/j.arbres.2018.10.018


 21. Kirwa, K, Eckert, CM, Vedal, S, Hajat, A, and Kaufman, JD. Ambient air pollution and risk of respiratory infection among adults: evidence from the multiethnic study of atherosclerosis (MESA). BMJ Open Respir Res. (2021) 8:e000866. doi: 10.1136/bmjresp-2020-000866 

 22. Grigg, J
. Air pollution and respiratory infection: an emerging and troubling association. Am J Respir Crit Care Med. (2018) 198:700–1. doi: 10.1164/rccm.201804-0614ED 

 23. Loaiza-Ceballos, MC, Marin-Palma, D, Zapata, W, and Hernandez, JC. Viral respiratory infections and air pollutants. Air Qual Atmos Health. (2022) 15:105–14. doi: 10.1007/s11869-021-01088-6 

 24. Thurston, GD, Kipen, H, Annesi-Maesano, I, Balmes, J, Brook, RD, Cromar, K , et al. A joint ERS/ATS policy statement: what constitutes an adverse health effect of air pollution? An analytical framework. Eur Respir J. (2017) 49:1600419. doi: 10.1183/13993003.00419-2016 

 25. Schraufnagel, DE, Balmes, JR, Cowl, CT, De Matteis, S, Jung, SH, Mortimer, K , et al. Air pollution and noncommunicable diseases: a review by the forum of international respiratory societies’ environmental committee, part 1: the damaging effects of air pollution. Chest. (2019) 155:409–16. doi: 10.1016/j.chest.2018.10.042 

 26. Van de Vuurst, P, and Escobar, LE. Climate change and infectious disease: a review of evidence and research trends. Infect Dis Poverty. (2023) 12:51. doi: 10.1186/s40249-023-01102-2


 27. Phillips, MC, LaRocque, RC, and Thompson, GR III. Infectious diseases in a changing climate. JAMA. (2024) 331:1318–9. doi: 10.1001/jama.2023.27724 

 28. Sato, R, Gomez Rey, G, Nelson, S, and Pinsky, B. Community-acquired pneumonia episode costs by age and risk in commercially insured US adults aged ≥50 years. Appl Health Econ Health Policy. (2013) 11:251–8. doi: 10.1007/s40258-013-0026-0 

 29. Weycker, D, Moynahan, A, Silvia, A, and Sato, R. Attributable cost of adult hospitalized pneumonia beyond the acute phase. Pharmacoecon Open. (2021) 5:275–84. doi: 10.1007/s41669-020-00240-9 

 30. Divino, V, Schranz, J, Early, M, Shah, H, Jiang, M, and DeKoven, M. The 1-year economic burden of community-acquired pneumonia (CAP) initially managed in the outpatient setting in the USA. J Comp Eff Res. (2020) 9:127–40. doi: 10.2217/cer-2019-0151


 31. Reyes, S, Martinez, R, Vallés, JM, Cases, E, and Menendez, R. Determinants of hospital costs in community-acquired pneumonia. Eur Respir J. (2008) 31:1061–7. doi: 10.1183/09031936.00083107


 32. Liu, K, and Lee, GC. Healthcare utilisation and cost expenditures for pneumonia in individuals with diabetes mellitus in the USA. Epidemiol Infect. (2019) 147:e212. doi: 10.1017/S0950268819000979 

 33. Wiemken, TL, Carrico, RM, Furmanek, SP, Guinn, BE, Mattingly, WA, Peyrani, P , et al. Socioeconomic position and the incidence, severity, and clinical outcomes of hospitalized patients with community-acquired pneumonia. Public Health Rep. (2020) 135:364–71. doi: 10.1177/0033354920912717 

 34. Wang, J, and Geng, L. Effects of socioeconomic status on physical and psychological health: lifestyle as a mediator. Int J Environ Res Public Health. (2019) 16:281. doi: 10.3390/ijerph16020281 

 35. Brender, JD, Maantay, JA, and Chakraborty, J. Residential proximity to environmental hazards and adverse health outcomes. Am J Public Health. (2011) 101:S37–52. doi: 10.2105/AJPH.2011.300183 

 36. Agency for Healthcare Research and Quality
. Introduction to the hcup state inpatient databases (SID). (2022) Available online at: https://hcup-us.ahrq.gov/db/state/siddist/SID_Introduction.jsp. Accessed November 2023


 37. Economic Innovation Group
. (2016). Distressed Communities Index. Available at: www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/california_waterfix/exhibits/docs/RestoretheDelta/RTD_211.pdf. Accessed November 2023


 38. Index, EDC
. Distress community Index for all zip codes. Available online at: https://eig.org/distressed-communities/?regions%5B0%5D=18&geo=states&lat=53.17&lon=-90.38&z=4.07. Accessed November 2023


 39. Wu, M, Whittemore, K, Huang, CC, Corrado, RE, Culp, GM, Lim, S , et al. Community-setting pneumonia-associated hospitalizations by level of urbanization-new York City versus other areas of New York state, 2010-2014. PLoS One. (2020) 15:e0244367. doi: 10.1371/journal.pone.0244367 

 40. Azab, SFAH, Sherief, LM, Saleh, SH, Elsaeed, WF, Elshafie, MA, and Abdelsalam, SM. Impact of the socioeconomic status on the severity and outcome of community-acquired pneumonia among Egyptian children: a cohort study. Infect Dis Poverty. (2014) 3:14. doi: 10.1186/2049-9957-3-14 

 41. Akinyemi, O, Weldeslase, T, Odusanya, E, Fasokun, M, Agboola, B, Andine, T , et al. The relationship between neighborhood economic deprivation and asthma-associated emergency department visits in Maryland. Front Allergy. (2024) 5:1381184. doi: 10.3389/falgy.2024.1381184 

 42. Dowd, JB, and Aiello, AE. Socioeconomic differentials in immune response. Epidemiology. (2009) 20:902–8. doi: 10.1097/EDE.0b013e3181bb5302 

 43. Ryan, M, Muldoon, OT, Gallagher, S, and Jetten, J. Physiological stress responses to inequality across income groups in a virtual society. J Appl Soc Psychol. (2021) 51:878–88. doi: 10.1111/jasp.12807


 44. Schicker, R, Yousey-Hindes, K, Rolfes, M, Cummings, C, Anderson, E, Bargsten, M , et al. Neighborhood-level poverty, poverty-associated factors, and severe outcomes among adults hospitalized with influenza—United States, 2012–2015. Open Forum Infect Dis. (2017) 4:S569. doi: 10.1093/ofid/ofx163.1487


 45. Moro, F, Pischiutta, F, Portet, A, Needham, EJ, Norton, EJ, Ferdinand, JR , et al. Ageing is associated with maladaptive immune response and worse outcome after traumatic brain injury. Brain Commun. (2022) 4:fcac036. doi: 10.1093/braincomms/fcac036 

 46. Cillóniz, C, Rodríguez-Hurtado, D, and Torres, A. Characteristics and Management of Community-Acquired Pneumonia in the era of global aging. Med Sci (Basel). (2018) 6:35. doi: 10.3390/medsci6020035 

 47. Corica, B, Tartaglia, F, D'Amico, T, Romiti, GF, and Cangemi, R. Sex and gender differences in community-acquired pneumonia. Intern Emerg Med. (2022) 17:1575–88. doi: 10.1007/s11739-022-02999-7 

 48. Nathala, P, Sarai, S, Salunkhe, V, Tella, MA, Furmanek, SP, and Arnold, FW. Comparing outcomes for community-acquired pneumonia between females and males: results from the University of Louisville Pneumonia Study. University of Louisville J Resp Infect. (2022) 6:8. doi: 10.55504/2473-2869.1148


 49. Williams, DR, and Rucker, TD. Understanding and addressing racial disparities in health care. Health Care Financ Rev. (2000) 21:75–90.


 50. Blanc, E, Chaize, G, Fievez, S, Féger, C, Herquelot, E, Vainchtock, A , et al. The impact of comorbidities and their stacking on short-and long-term prognosis of patients over 50 with community-acquired pneumonia. BMC Infect Dis. (2021) 21:949. doi: 10.1186/s12879-021-06669-5 


Copyright
 © 2024 Akinyemi, Fasokun, Odusanya, Weldeslase, Omokhodion, Michael and Hughes. 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/images/fpubh-12-1412671-t002.jpg
Variable Odds ratio 95% CI p-value

Age (Years)

18-45 Reference

45-65 342 332352 <0.001
>65 371 357-3.85 <0.001
Female (Ref. Male) 072 071-0.74 <0.001

Race/ethnicity

White Reference

Black 125 123-128 <0.001

Hispanics, 211 203218 <0.001

Asian/Pacific Islander 120 113-126 <0.001

Native Americans 161 135-192 <0.001

Others 140 132-148 <0.001
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Atrisk 119 113-1.24 <0.001
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CAP, Community-acquired pneumonia; Ref,, Reference; DCI, Distressed Community Index. p <0.05, statstical significance.
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