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Background: Intensive care unit (ICU) beds played a crucial role in reducing mortality rates of patients with severe COVID-19. The surge in the number of patients led to a shortage of ICU beds, which may have exacerbated inequity of healthcare utilization. However, most attention has been focused on the horizontal equity in healthcare utilization, where individuals with the same needs receive the same services. Vertical equity, where individuals with higher needs receive more healthcare is often neglected, which might overestimate the equity. This study analyzes the vertical equity of ICU utilization among hospitalized patients with COVID-19.

Methods: In total, 18,547 hospitalized patients with COVID-19 in Maryland in 2020 were enrolled in this cross-sectional study. Logistic regression analysis was conducted to determine the independent factors affecting ICU utilization, and the Shapley value decomposition approach was implemented to assess the contribution of the independent variables to disparities in ICU admission. A concentration curve and concentration index were used to assess the vertical equity in healthcare utilization.

Results: ICU utilization by patients with COVID-19 was significantly affected by Charlson Comorbidity Index (CCI), with odds ratios (OR) 1.09 [95% confidence intervals (CI): 1.07–1.10; p < 0.001] in univariable analysis and 1.11 (95% CI: 1.09–1.13; p < 0.001) in multivariable regression analysis. The most important contributors were household income (32.27%) and the CCI (22.89%) in the Shapley value decomposition analysis. The concentration curve was below the line of equity, and the concentration index was 0.094 (95% CI: 0.076–0.111; p < 0.001), indicating that ICU utilization was concentrated among patients with a high CCI. These results were robust for all subgroup analyses.

Conclusion: Among 18,547 hospitalized patients with COVID-19 in Maryland in 2020, ICU utilization was significantly affected by comorbid conditions. The concentration curve and concentration index also indicated that ICU utilization was more concentrated in patients with a higher CCI. The results was consistent with the principle of vertical equity, whereby healthcare resources are more concentrated on COVID-19 patients with higher health needs.
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1 Introduction

Coronavirus disease 2019 (COVID-19) pandemic has caused approximately 776 million confirmed cases and more than 7.1 million deaths worldwide since late 2019 (1), posing enormous burden on the health system and increasing the inequities experienced by vulnerable populations (2–4). Most patients with COVID-19 have mild symptoms and require only isolation and symptomatic treatment. However, during the initial period of the pandemic, the mortality rate of critically ill patients is extremely high, and almost all deaths occur in these patients (5). A study conducted in the early stage of the COVID-19 involving 44,672 patients with confirmed COVID-19 showed that 81% of infections were mild, whereas 19% progressed to severe or critical illness requiring hospitalization for advanced supportive treatment, and all deaths occurred in the critically ill, who had a mortality rate of up to 49% (6). Other studies have shown that 17–35% of infections require treatment in the intensive care unit (ICU), and 9–19% of patients require mechanical ventilation, with treatment periods ranging from 2 to 4 weeks (7–9).

ICU beds, one of the most important health resources for the treatment of patients with severe COVID-19, play a crucial role in reducing mortality rates. In the initial stages of the pandemic, even countries with world-leading ICU bed capacities, such as the United States, faced acute shortages, with high occupancy rates persisting (10, 11). An Australia national study showed that ICU bed capacity needed to nearly triple to meet patient demand (12). However, ICU beds require a high demand for personnel, space, and equipment. Non-ICU staff need to undergo relevant training or supervision to work in the ICU (13–15). The wards need to be reconfigured from other types of rooms to be operational (16), and equipment needs to be purchased or requisitioned (12), making the expansion of ICU beds extremely difficult (17). During this period, allocating ICU beds based on patient needs to minimize mortality rates was of paramount importance (18). Therefore, the use of ICU beds by hospitalized patients can be used as an indicator of equity in healthcare utilization during a pandemic (19, 20).

Equity in healthcare utilization can be classified into horizontal and vertical forms (21). Horizontal equity means that people with equal needs receive equal treatment irrespective of their sociodemographic characteristics. In contrast, vertical equity is defined as individuals with a higher need receiving more healthcare (22). In previous studies, comorbidities, which refer to pre-existing diseases not directly related to the present hospital admission or outpatient visits, can reflect patients’ health needs through effects on disease burden (21, 23–25). For patients with COVID-19, the Charlson Comorbidity Index (CCI), which assigns different weights to individual comorbidities, is also used to reflect a patient’ health need (26–28).

The United States was the country most severely affected by the COVID-19 pandemic in 2020, with over 19 million confirmed cases and 330,000 deaths (29). The surge in the number of patients led to a shortage of ICU beds, which may have exacerbated inequity of healthcare utilization (30). A multinational consensus believes that addressing the inequity of healthcare utilization is one of the most important measures for ending the COVID-19 public health threat (31). However, there is relatively little research on the impact of health needs on healthcare utilization in patients with COVID-19, namely few studies investigating vertical equity (32). Most attention of researchers and policy-makers has been given to horizontal equity, which might overestimate the equity of healthcare utilization (33). Therefore, studying the vertical equity of ICU utilization among hospitalized patients with COVID-19 in the United States will provide a reference for future responses to similar public health emergencies.



2 Materials and methods


2.1 Study design and participants

This retrospective study included patients hospitalized with COVID-19 from the State Inpatient Database of Maryland in 2020. In the initial stages of the pandemic, medical resources became scarce, particularly ICU beds. Among the SID database, Maryland It is one of the few states with ICU bed data available. The requirement for informed consent was waived because no personal identification information was collected. This study was approved by the Ethics Committee of the Naval Medical University (No. 2021LL024). The design, implementation, and reporting stages of the study were conducted in accordance with the recommendations of Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines.

Hospitalized patients with COVID-19 were identified according to the International Classification of Diseases, 10th revision (ICD-10) code (U071), and patients aged <18 years were excluded. Missing data were observed for seven variables: household income (61 patients), patient location (43 patients), medical insurance (13 patients), clinical outcome (5 patients), age (2 patients), and sex (1 patients) (Figure 1). These records were excluded because the percentage of missing values was <0.47% (87/18,461).
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FIGURE 1
 Flow chart of study participants.




2.2 Outcome variable

The primary outcome was whether the inhospital patient with COVID-19 is admitted to ICU beds, which are important but scarce resource for preventing disease progression.



2.3 Health needs

Health needs were measured using the Charlson Comorbidity Index (CCI) score of hospitalized patients with COVID-19. Compared with using the number of comorbidities to measure health needs, the comorbidity index, which considered the different impacts of individual comorbidities on healthcare utilization, can better represent the health needs of hospitalized patients with COVID-19.

The rules for calculating the CCI score in this article are based on the version proposed by Mary E. Charlson, which include 19 comorbidities, with assigned weights ranging from 1 to 6 for each comorbidity (26). A total CCI score was obtained by summing the weights from patient’s medical record of comorbidities, with higher scores indicating more severe comorbid conditions and greater needs.



2.4 Covariates

Age, sex, race, household income and medical insurance were selected as covariates for their potential impacts on health service utilization during the pandemic (34, 35). Racial categorization into white and non-white (black, Hispanic, Asian or Pacific Islander, Native American and other) is prevalent due to numerous studies using whites as the reference and have found potential inequities in healthcare service utilization between whites and non-whites. Household income was categorized by quartile classification and identified bya values from 1 to 4, indicating the poorest to wealthiest populations. As previous studies have shown that differences in patient residence and pandemic stage impact the utilization of health services (36, 37), these two variables were also selected as covariates.



2.5 Statistical analysis

Continuous variables were presented as mean (standard deviation [SD]) or median (interquartile range [IQR]), and categorical variables as frequencies (%). The demographic and clinical characteristics of the patients were assessed using the Kruskal–Wallis test, Chi-square test, or Fisher’s exact test, as appropriate. To determine whether there is a confounding effect between the independent variables, the following variables were analyzed using Pearson correlation analysis: CCI, sex, age (18–59, 60–69, 70–79, or ≥ 80 years), race (white or non-white), patient location (metropolitan or non-metropolitan areas), medical insurance (Medicare/Medicaid, private insurance, or other), household income (quartiles 1–4), and discharge quarter.

Logistic regression analysis was used to analyze the independent factors that might associated with the equity of ICU admission, and the results were reported as coefficients and odds ratios (OR) with 95% confidence intervals (CI). Variables were assessed by univariable regression first, those with p < 0.10 in univariable logistic regression were subsequently entered into multivariable logistic regression (enter method). Additionally, the Shapley value decomposition approach was implemented to assess the contribution of independent variables to disparities in ICU admissions (36). Logistic regression analysis was also initially used to evaluate vertical equity of ICU utilization among hospitalized patients with COVID-19, which was achieved if patients with greater CCI had higher odds of ICU admission.

Then, the vertical equity of health utilization was examined using a concentration curve and concentration index (38). The concentration curve plots the cumulative proportion of ICU admissions (y-axis) against the cumulative proportion of the population ranked according to health needs, beginning with low-need individuals (lower CCI) and ending with high-need patients (higher CCI). The 45-degree line was defined as the line of equity. The concentration curve above or below the line of equity indicated that health utilization was more concentrated among the low-or high-need groups, respectively. The curve reflects whether ICU services are more inclined toward high-demand patients under the condition of bed scarcity among eligible patients. The concentration index was defined as twice the area between the concentration curve and the line of equity and bounded between-1 and 1. It took a positive value when the concentration curve lay below the line of equity, indicating a distribution of health utilization in favor of high needs, and a negative value when the concentration curve lay above the line of equity, indicating a distribution of health utilization in favor of low needs.

Based on the results of these analyses, key factors for further subgroup analysis, including sex, age, race, patient location, medical insurance type, household income, and discharge quarter. For each subgroup, interaction terms between CCI and the categorical variables of interest (e.g., CCI and sex) were introduced into the logistic regression model. Moreover, the concentration index was calculated for each subgroup to do the group-wise comparisons. A p-value of less than 0.05 was considered indicative of statistically significant differences in the effect of CCI on ICU utilization and inequality between subgroups, respectively. All statistical analyses were performed using STATA version 16.0 (StataCorp, College Station, TX, USA).




3 Results


3.1 Demographic and clinical characteristics

A total of 18,547 patients with confirmed COVID-19 were screened for eligibility, and 18,362 patients were included in the final analysis (Figure 1). The median age was 63 years (IQR, 51–75), and 10,534 (57.37%) patients were aged ≥80 years. Among these patients, 9,471 (51.58%) were male, 5,921 (32.25%) were white race, and 16,117 (87.77%) lived in metropolitan areas. There were 5,289 (28.80%) patients covered by Medicare or Medicaid, while 6,150 (33.49%) patients belonged to the poorest households. The median CCI was 1 (IQR, 0–3), and 3,490 (19.01%) patients were treated in the ICU. The most prevalent comorbidities were uncomplicated hypertension (42.45%), obesity (30.27%), and diabetes with chronic complications (26.96%). Other baseline characteristics of the patients were presented in Table 1.



TABLE 1 Demographic and clinical characteristics of patients admitted to hospital with COVID-19.
[image: Table1]



3.2 Factors influencing ICU admission: results of logistic regression analysis

The results of the Pearson correlation analysis (Supplementary Table S1) show that, except for a fair association between age and medical insurance (r = −0.404), all independent variables are negligibly associated (−0.3 < r < 0.3) (39).

ICU admission was significantly affected by CCI, with ORs 1.09 (95% CI: 1.07–1.10; p < 0.001) in univariable analysis and 1.11 (95% CI: 1.09–1.13; p < 0.001) in multivariable regression analysis, indicating that patients with higher CCI were more likely to be treated in ICU (Table 2).



TABLE 2 Logistic regression and decomposition of correlates for ICU admission in patients with COVID-19.
[image: Table2]

Compared to patients aged <60 years, the ORs for those aged 60–69 years, 70–79 years, and ≥ 80 years were 1.17 (95% CI: 1.06–1.29; p = 0.003), 1.31 (95% CI: 1.17–1.47; p < 0.001), and 1.08 (95% CI: 0.95–1.23; p = 0.218), respectively. Non-white patients (black, Hispanic, Asian or Pacific Islander, Native American and other) had higher probability of utilizing ICU beds (OR 1.25, 95% CI: 1.15–1.37; p < 0.001) than white patients. Patients living in non-metropolitan areas had lower probability of ICU admission (OR 0.75, 95% CI: 0.65–0.86; p < 0.001) than those living in metropolitan areas. Compared to patients with Medicare/Medicaid, those with private insurance had higher odds of ICU admission (OR 1.18, 95% CI: 1.07–1.30; p = 0.001). As the household income increased, the odds of receiving treatment in the ICU gradually increased. Compared to the poorest patients (Quartile 1), the wealthiest patients (Quartile 4) had highest odds of ICU admission (OR 1.85, 95% CI: 1.64–2.09; p < 0.001). Other factors, including sex and discharge quarter, were also significantly associated with ICU admission.

In the Shapley value decomposition analysis, the contribution of household income was 32.27%, followed by the CCI (22.89%), medical insurance (10.41%), patient location (9.42%), discharge quarter (9.33%), race (6.29%), age (4.83%), and sex (5.56%) (Table 2).



3.3 Concentration curve and concentration index

The concentration curve for ICU admission was below the line of equity and the concentration index was 0.094 (95% CI: 0.076–0.111; p < 0.001) (Figure 2), indicating that ICU admission was more concentrated among patients with a higher CCI.

[image: Figure 2]

FIGURE 2
 Concentration curve and concentration index of ICU utilization based on CCI.




3.4 Subgroup analyses

CCI was significantly associated with increased odds of ICU admission in all subgroup analyses by logistic regression, with ORs ranging from 1.06 (95% CI: 1.02–1.11; p < 0.001) to 1.14 (95% CI: 1.11–1.18; p < 0.001), consistent with results in Table 2. The p-value for the interaction suggested sex differences in the association of CCI with ICU admission (p = 0.013), with ORs of 1.09 (95% CI 1.06–1.11; p < 0.001) for males and 1.13 (95% CI 1.10–1.17; p < 0.001) for females (Figure 3). Significant interaction also existed between CCI and age (p = 0.009), with ORs 1.14 (95% CI 1.11–1.18; p < 0.001) in patients aged <60 years, 1.11 (95% CI 1.08–1.15; p < 0.001) in patients aged 60–69 years, 1.09 (95% CI 1.05–1.13; p < 0.001) in patients aged 70–79 years, and 1.06 (95% CI 1.02–1.11; p < 0.001) in patients aged ≥80 years. No significant interactions were observed in the subgroup analyses by race (p = 0.138), patient location (p = 0.138), medical insurance (p = 0.884), household income (p = 0.116), or discharge quarter (p = 0.307).

[image: Figure 3]

FIGURE 3
 Association between CCI and ICU utilization according to subgroups.


In the subgroup analyses, the concentration index of ICU utilization ranged from 0.060 (95% CI: 0.016–0.103; p = 0.007) to 0.119 (95% CI: 0.085–0.153; p < 0.001) (Figure 4), implying the distribution of ICU admission in favor of patients with higher CCI. There were no significant differences between the subgroups in terms of sex (p = 0.126), age (p = 0.248), race (p = 0.149), patient location (p = 0.995), medical insurance (p = 0.895), household income (p = 0.316), or discharge quarter (p = 0.519).
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FIGURE 4
 Subgroup analyses of concentration index.





4 Discussion

Vertical equity is defined as people with higher needs receiving more healthcare (40, 41). In this study, we attempted to evaluate the vertical equity of ICU admissions for COVID-19 patients in the early stage of the pandemic by using CCI to represent patients’ health needs. Through logistic regression analysis and a concentration index/concentration curve, this study comprehensively analyzed the vertical equity of ICU utilization among 18,362 hospitalized patients with COVID-19 in Maryland. The results showed that ICU utilization was more concentrated in patients with higher CCI, which was consistent with the principle of vertical equity. Subgroup analysis were also conducted to verify the robustness of the results.

In this study, it was found that in addition to CCI, other factors including household income, health insurance, patient location, race, age, and sex were all associated with ICU utilization. Among them, Shapley value decomposition analysis suggested that household income (32.27%) contributed even more to ICU utilization than CCI (22.89%). This result is consistent with the findings of Khanijahani et al. (42), indicating that socioeconomic status has a significant effect on healthcare utilization. COVID-19 hospitalized patients with higher socioeconomic status (having private insurance or higher household income) were more likely to use the ICU.

Age was one of the most important factors influencing healthcare utilization. Due to older patients may have more comorbidities and poor basic health status (43), some studies used age as an alternative assessment of health needs, suggesting that older patients required more healthcare services (42, 44). In this study, compared to patients aged 18–59 years, the probability of ICU utilization among patients aged ≥80 years did not significantly increase. However, interaction analysis also suggests that increasing age significantly weakened the effect of CCI on ICU utilization. In the subgroup analysis of logistic regression, the OR of CCI on ICU utilization decreased from 1.14 (18–59 years) to 1.11 (60–69 years), 1.09 (70–79 years) and 1.06 (≥ 80 years), and similar decreases were also found in the subgroup analysis of concentration index. This might be explained by the following reasons. First, patients’ willingness to choose aggressive treatment (especially invasive treatments that often occur in the ICU) decreased as age increased (45, 46). Second, when considering the potential complications and patient survival probability of implementing aggressive treatment, clinicians were unlikely to recommend such treatment to older patients (47). Third, the allocation of scarce medical resources (ICU, ventilators, etc.) was more likely to favor young patients with a higher probability of survival (48).

In our study, sex was another important factor influencing ICU admission and the correlation between CCI and ICU. In the initial logistic regression, the OR of 0.83 for women compared to men reflects a direct comparison between the two sexes, with men as the reference group. This suggests that among COVID-19 patients, females are less likely to be admitted to the ICU than males when no other variables are considered, which is consistent with previous findings (49, 50). However, in the subgroup analysis, females instead strengthened the association between CCI and ICU (1.13 for female and 1.09 for male). This may be due to the fact that females were more sensitive to CCI when it was used as a measure of health need, with each one-unit increase in CCI increasing the odds of ICU admission for females more than for males. Thus, although females are more sensitive to changes in units, the lower rate of utilization among females than males does not conflict with the status quo.

However, this study has some limitations. First, disease severity is a critical factor influencing ICU utilization. Due to limitations in data availability, we were unable to include it as a control variable in our analysis. This omission may impact the robustness of our findings and suggests caution in interpreting the results. Second, as this study is based on cross-sectional data collected at a single time point, establishing causal relationships between the variables analyzed is inherently challenging. The temporal limitations of the data restrict our ability to make definitive causal inferences. Third, this study was conducted using data from hospitalized COVID-19 patients in Maryland only, which limits the generalizability of our findings. The results may not be applicable to other regions or populations, particularly those with different healthcare infrastructures, patient demographics, or COVID-19 management strategies.



5 Conclusion

The results of this study demonstrated that ICU utilization was more concentrated among patients with higher health needs in the early stages of the pandemic, indicating vertical equity in healthcare utilization during this period. For high-risk groups such as those with a high burden of comorbidities, policy makers should consider their urgent need for health services when implementing public health intervention measures, and reduce the inequity of healthcare utilization during the pandemic.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

This study was approved by the Ethics Committee of the Naval Medical University. Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. Written informed consent from the patients/participants OR patients/participants legal guardian/next of kin was not required to participate in this study in accordance with the national legislation and the institutional requirements.



Author contributions

Y-JZ: Writing – original draft. J-YW: Writing – original draft. C-NW: Writing – original draft. B-YY: Writing – review & editing. T-TL: Writing – original draft. YL: Writing – original draft, Writing – review & editing. L-LZ: Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This work was supported by a grant from the National Science Foundation of China (No. 72174204).



Acknowledgments

The authors would like to acknowledge the National Natural Science Foundation of China.



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.2024.1430462/full#supplementary-material



References

 1. Datadot. COVID-19 deaths WHO COVID-19 dashboard. (2020) Available at: https://data.who.int/dashboards/covid19/cases (Accessed August 27, 2024)

 2. Sorci, G. Social inequalities and the COVID-19 pandemic. Soc Sci Med. (2024) 340:116484. doi: 10.1016/j.socscimed.2023.116484

 3. Mosnaim, G, Carrasquel, M, Wolfson, AR, Peters, J, Lang, D, and Rathkopf, M. Social determinants of health and COVID-19. J Allergy Clin Immunol Pract. (2023) 11:3347–55. doi: 10.1016/j.jaip.2023.07.027

 4. Martinez-Beneito, MA, Marí-Dell’Olmo, M, Sánchez-Valdivia, N, Rodríguez-Sanz, M, Pérez, G, Pasarín, MI , et al. Socioeconomic inequalities in COVID-19 incidence during the first six waves in Barcelona. Int J Epidemiol. (2023) 52:1687–95. doi: 10.1093/ije/dyad105 

 5. Weiss, P, and Murdoch, DR. Clinical course and mortality risk of severe Covid-19. Lancet. (2020) 395:1014–5. doi: 10.1016/s0140-6736(20)30633-4 

 6. Wu, Z, and McGoogan, JM. Characteristics of and important lessons from the coronavirus disease 2019 (Covid-19) outbreak in China: summary of a report of 72314 Cases from the Chinese Center for Disease Control and Prevention. JAMA. (2020) 323:1239–42. doi: 10.1001/jama.2020.2648 

 7. Potere, N, Valeriani, E, Candeloro, M, Tana, M, Porreca, E, Abbate, A , et al. Acute complications and mortality in hospitalized patients with coronavirus disease 2019: a systematic review and Meta-analysis. Crit Care. (2020) 24:389. doi: 10.1186/s13054-020-03022-1 

 8. Docherty, AB, Harrison, EM, Green, CA, Hardwick, HE, Pius, R, Norman, L , et al. Features of 20 133 Uk patients in hospital with Covid-19 using the Isaric who clinical characterisation protocol: prospective observational cohort study. BMJ. (2020) 369:m1985. doi: 10.1136/bmj.m1985 

 9. Grant, MC, Geoghegan, L, Arbyn, M, Mohammed, Z, McGuinness, L, Clarke, EL , et al. The prevalence of symptoms in 24,410 adults infected by the novel coronavirus (Sars-Cov-2; Covid-19): a systematic review and Meta-analysis of 148 studies from 9 countries. PLoS One. (2020) 15:e0234765. doi: 10.1371/journal.pone.0234765 

 10. Douin, DJ, Ward, MJ, Lindsell, CJ, Howell, MP, Hough, CL, Exline, MC , et al. ICU bed utilization during the coronavirus disease 2019 pandemic in a multistate analysis—march to June 2020. Crit Care Explorat. (2021) 3:e0361. doi: 10.1097/CCE.0000000000000361 

 11. Sen-Crowe, B, Sutherland, M, McKenney, M, and Elkbuli, A. A closer look into global hospital beds capacity and resource shortages during the COVID-19 pandemic. J Surg Res. (2021) 260:56–63. doi: 10.1016/j.jss.2020.11.062 

 12. Litton, E, Bucci, T, Chavan, S, Ho, YY, Holley, A, Howard, G , et al. Surge capacity of intensive care units in case of acute increase in demand caused by COVID-19 in Australia. Med J Aust. (2020) 212:463–7. doi: 10.5694/mja2.50596

 13. Greco, M, De Corte, T, Ercole, A, Antonelli, M, Azoulay, E, Citerio, G , et al. Clinical and organizational factors associated with mortality during the peak of first COVID-19 wave: the global UNITE-COVID study. Intensive Care Med. (2022) 48:690–705. doi: 10.1007/s00134-022-06705-1 

 14. Mathews, KS, Seitz, KP, Vranas, KC, Duggal, A, Valley, TS, Zhao, B , et al. Variation in initial U.S. hospital responses to the coronavirus disease 2019 pandemic. Crit Care Med. (2021) 49:1038–48. doi: 10.1097/CCM.0000000000005013

 15. Dichter, JR, Devereaux, AV, Sprung, CL, Mukherjee, V, Persoff, J, Baum, KD , et al. Mass critical care surge response during COVID-19: implementation of contingency strategies - a preliminary report of findings from the task force for mass critical care. Chest. (2022) 161:429–47. doi: 10.1016/j.chest.2021.08.072 

 16. Kerlin, MP, Costa, DK, Davis, BS, Admon, AJ, Vranas, KC, and Kahn, JM. Actions taken by US hospitals to prepare for increased demand for intensive care during the first wave of COVID-19: a National Survey. Chest. (2021) 160:519–28. doi: 10.1016/j.chest.2021.03.005 

 17. Arabi, YM, Myatra, SN, and Lobo, SM. Surging ICU during COVID-19 pandemic: an overview. Curr Opin Crit Care. (2022) 28:638–44. doi: 10.1097/MCC.0000000000001001 

 18. Zylke, JW, and Bauchner, H. Mortality and morbidity: the measure of a pandemic. JAMA. (2020) 324:458–9. doi: 10.1001/jama.2020.11761

 19. Grasselli, G, Pesenti, A, and Cecconi, M. Critical care utilization for the Covid-19 outbreak in Lombardy, Italy: early experience and forecast during an emergency response. JAMA. (2020) 323:1545–6. doi: 10.1001/jama.2020.4031

 20. White, DB, and Lo, B. A framework for rationing ventilators and critical care beds during the Covid-19 pandemic. JAMA. (2020) 323:1773–4. doi: 10.1001/jama.2020.5046 

 21. Ghimire, S, Singh, DR, McLaughlin, SJ, Maharjan, R, and Nath, D. Health care utilization by older adults in Nepal: an investigation of correlates and equity in utilization. Int J Health Serv. (2022) 52:236–45. doi: 10.1177/0020731420981928 

 22. Raine, R, Or, Z, Prady, S, and Bevan, G. Evaluating health-care equity. Challenges, Solutions and Future Directions in the Evaluation of Service Innovations in Health Care and Public Health. NIHR J Lib. (2016). doi: 10.3310/hsdr04160-69

 23. Kuan, V, Denaxas, S, Patalay, P, Nitsch, D, Mathur, R, Gonzalez-Izquierdo, A , et al. Identifying and visualising multimorbidity and comorbidity patterns in patients in the English National Health Service: a population-based study. The Lancet Digital Health. (2023) 5:e16–27. doi: 10.1016/S2589-7500(22)00187-X 

 24. Vahapoğlu, A, Çavuş, Z, Korkan, F, Özakin, O, and Türkmen, ÜA. Is a guideline required to predict the intensive care unit need of patients over 65 years of age during the pre-operative period? A comparison of the American Society of Anesthesiologists, lung ultrasound score, Charlson age-added comorbidity index, surgi. Ulus Travma Acil Cerrahi Derg. (2023) 29:1004–12. doi: 10.14744/tjtes.2023.43082 

 25. La Parra-Casado, D, Mosquera, PA, Vives-Cases, C, and San, SM. Socioeconomic inequalities in the use of healthcare services: comparison between the Roma and general populations in Spain. Int J Environ Res Public Health. (2018) 15:15. doi: 10.3390/ijerph15010121 

 26. Charlson, ME, Pompei, P, Ales, KL, and MacKenzie, CR. A new method of classifying prognostic comorbidity in longitudinal studies: development and validation. J Chronic Dis. (1987) 40:373–83. doi: 10.1016/0021-9681(87)90171-8 

 27. Ioannou, GN, Locke, E, Green, P, Berry, K, O'Hare, AM, Shah, JA , et al. Risk factors for hospitalization, mechanical ventilation, or death among 10 131 us veterans with Sars-Cov-2 infection. JAMA Netw Open. (2020) 3:e2022310. doi: 10.1001/jamanetworkopen.2020.22310 

 28. O'Hare, AM, Berry, K, Fan, VS, Crothers, K, Eastment, MC, Dominitz, JA , et al. Age differences in the Association of Comorbid Burden with adverse outcomes in Sars-Cov-2. BMC Geriatr. (2021) 21:415. doi: 10.1186/s12877-021-02340-5 

 29. Tracking Home. (2020). Tracking. Available online at: https://coronavirus.jhu.edu/data

 30. Emanuel, EJ, Persad, G, Upshur, R, Thome, B, Parker, M, Glickman, A , et al. Fair allocation of scarce medical resources in the time of Covid-19. N Engl J Med. (2020) 382:2049–55. doi: 10.1056/NEJMsb2005114 

 31. Lazarus, JV, Romero, D, Kopka, CJ, Karim, SA, Abu-Raddad, LJ, Almeida, G , et al. A multinational Delphi consensus to end the Covid-19 public health threat. Nature. (2022) 611:332–45. doi: 10.1038/s41586-022-05398-2 

 32. Arnault, L, Jusot, F, and Renaud, T. Did the COVID-19 pandemic reshape equity in healthcare use in Europe? Soc Sci Med. (2024) 358:117194. doi: 10.1016/J.SOCSCIMED.2024.117194 

 33. Raine, R, Fitzpatrick, R, Barratt, H, Bevan, G, Black, N, Boaden, R , et al. Challenges, solutions and future directions in the evaluation of service innovations in health care and public health. Health Serv Deliv Res. (2016) 4:1–136. doi: 10.3310/hsdr04160

 34. Chua, KP, Conti, RM, and Becker, NV. Assessment of out-of-pocket spending for COVID-19 hospitalizations in the US in 2020. JAMA Netw Open. (2021) 4:e2129894. doi: 10.1001/jamanetworkopen.2021.29894 

 35. Magesh, S, John, D, Li, WT, Li, Y, Mattingly-app, A, Jain, S , et al. Disparities in COVID-19 outcomes by race, ethnicity, and socioeconomic status: a systematic review and Meta-analysis. JAMA Netw Open. (2021) 4:e2134147. doi: 10.1001/jamanetworkopen.2021.34147

 36. Zhang, K, You, H, Yu, L, Wu, Q, and Xu, X. Inequality of opportunity in outpatient expenditure among the elderly with multimorbidity: evidence from China. Int J Equity Health. (2023) 22:153. doi: 10.1186/s12939-023-01953-z 

 37. Ward, JL, Harwood, R, Smith, C, Kenny, S, Clark, M, Davis, PJ , et al. Risk factors for Picu admission and death among children and young people hospitalized with Covid-19 and Pims-Ts in England during the first pandemic year. Nat Med. (2022) 28:193–200. doi: 10.1038/s41591-021-01627-9

 38. Wagstaff, A, Doorslaer, EV, and Watanabe, N. On decomposing the causes of health sector inequalities with an application to malnutrition inequalities in Vietnam. J Econ. (2003) 112:207–23. doi: 10.1016/S0304-4076(02)00161-6

 39. Mukak, M. A guide to appropriate use of correlation coeeficient in medical research. Mlawi Med J. (2012) 24:69–71. doi: 10.3946/kjme.2012.24.1.69

 40. Dei, V, and Sebastian, MS. Is healthcare really equal for all? Assessing the horizontal and vertical equity in healthcare utilisation among older Ghanaians. Int J Equity Health. (2018) 17:86. doi: 10.1186/s12939-018-0791-3 

 41. Wagenius, CM, San Sebastián, M, Gustafsson, PE, and Goicolea, I. Access for all? Assessing vertical and horizontal inequities in healthcare utilization among young people in northern Sweden. Scand J Public Health. (2019) 47:1–8. doi: 10.1177/1403494818774965 

 42. Khanijahani, A, Iezadi, S, Gholipour, K, Azami-Aghdash, S, and Naghibi, D. A systematic review of racial/ethnic and socioeconomic disparities in COVID-19. Int J Equity Health. (2021) 20:248. doi: 10.1186/s12939-021-01582-4 

 43. Imam, Z, Odish, F, Gill, I, O'Connor, D, Armstrong, J, Vanood, A , et al. Older age and comorbidity are independent mortality predictors in a large cohort of 1305 Covid-19 patients in Michigan, United States. J Intern Med. (2020) 288:469–76. doi: 10.1111/joim.13119 

 44. Mao, Y, Xu, F, Zhang, MJ, Liu, JL, Yang, J, Wang, MJ , et al. Equity of health service utilization of urban residents: data from a Western Chinese City. Chin Med J. (2013) 126:2510–6. doi: 10.3760/cma.j.issn.0366-6999.20123001 

 45. Levinsky, NG, Yu, W, Ash, A, Moskowitz, M, Gazelle, G, Saynina, O , et al. Influence of age on Medicare expenditures and medical Care in the Last Year of life. JAMA. (2001) 286:1349–55. doi: 10.1001/jama.286.11.1349 

 46. Hamel, MB, Lynn, J, Teno, JM, Covinsky, KE, Wu, AW, Galanos, A , et al. Age-related differences in care preferences, treatment decisions, and clinical outcomes of seriously ill hospitalized adults: lessons from support. J Am Geriatr Soc. (2000) 48:S176–82. doi: 10.1111/j.1532-5415.2000.tb03129.x 

 47. Tsai, Y, Vogt, TM, and Zhou, F. Patient characteristics and costs associated with Covid-19-related medical care among Medicare fee-for-service beneficiaries. Ann Intern Med. (2021) 174:1101–9. doi: 10.7326/M21-1102

 48. Rosenbaum, L. Facing Covid-19 in Italy - ethics, logistics, and therapeutics on the Epidemic's front line. N Engl J Med. (2020) 382:1873–5. doi: 10.1056/NEJMp2005492 

 49. Gu, T, Mack, JA, Salvatore, M, Prabhu Sankar, S, Valley, TS, Singh, K , et al. Characteristics associated with racial/ethnic disparities in COVID-19 outcomes in an academic health care system. JAMA Netw Open. (2020) 3:e2025197. doi: 10.1001/jamanetworkopen.2020.25197 

 50. Quaresima, V, Scarpazza, C, Sottini, A, Fiorini, C, Signorini, S, Delmonte, OM , et al. Sex differences in a cohort of COVID-19 Italian patients hospitalized during the first and second pandemic waves. Biol Sex Differ. (2021) 12:45. doi: 10.1186/s13293-021-00386-z 


Copyright
 © 2024 Zhu, Wang, Wu, Yu, Liu, Liu and Zhang. 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-12-1430462-t001.jpg
Characteristics

Sex
Male
Female
Age (median, IQR)
18-59
60-69
70-79y
>80y
Died
No
Yes
LOS (median, IQR)/days
Expenditure (median, IQR)/USD
Race
White
Non-white
Patient location
Metropolitan areas
Non-metropolitan areas
Medical insurance
Medicare/Medicaid
Private insurance
Other
Household income
Quartile 1
Quartile 2
Quartile 3
Quartile 4
Discharge quarter
Second quarter
‘Third quarter
Fourth quarter
Number of comorbidities (median, IQR)
)
>3
CClI (median, IGR)
0

AIDS
Alcohol abuse

Deficiency anemias

Arthropathies

Chronic blood loss anemia

Leukemia

Lymphoma

Metastatic cancer

Solid tumor without metastasis, malignant
Cerebrovascular disease

Congestive heart failure

Coagulopathy

Dementia

Depression

Diabetes with chronic complications
Diabetes without chronic complications
Drug abuse

Hypertension, complicated

Hypertension, uncomplicated

Liver disease, mild

Liver disease, moderate to severe

Chronic pulmonary disease

Neurological disorders affecting movement
Neurological disorders unaffecting movement
Seizures and epilepsy

Obesity

Paralysis

Peripheral vascular disease

Psychoses

Pulmonary circulation disease

Renal failure, moderate

Renal failure, severe

Hypothyroidism

Other thyroid disorders

Peptic ulcer with bleeding

Valvular disease

Weight loss

Overall (n=18,362)

9,471 (51.58%)
8,891 (48.42%)
63 (51,75)
7,828 (42.63%)
4,078 (22.21%)
3,462 (18.85%)

2,994 (16.31%)

16,776 (91.36%)
1,586 (8.64%)
5(8)
14287.00 (8623.25,24622.75)

5,921 (32.25%)

12,441 (67.75%)

16,117 (87.77%)

2,245 (12.23%)

11,303 (61.56%)
5,289 (28.80%)

1770 (9.64%)

6,150 (33.49%)
5,597 (30.48%)
3,845 (20.94%)

2,770 (15.09%)

6,861 (37.37%)
3,003 (16.35%)
8,498 (46.28%)
3(24)
11,313 (61.61%)
7,049 (38.39%)
1(03)
5,504 (29.97%)
7,414 (40.38%)
3,084 (16.80%)
2,360 (12.85%)
237(1.29%)
384 (209%)
3,572 (19.45%)
528 (2.88%)
76 (0.41%)
105 (0.57%)
120 (0.65%)
181 (0.99%)
300 (1.63%)
749 (4.08%)
2439 (13.28%)
1745 (9.50%)
1895 (10.32%)
1959 (10.67%)
4,950 (26.96%)
2,469 (13.45%)
351 (1.91%)
4,670 (25.43%)
7,795 (42.45%)
1,053 (5.73%)
112(061%)
4,016 (21.87%)
384 (2.00%)
1,370 (7.46%)
739 (4.02%)
5,559 (30.27%)
683 (3.72%)
816 (4.44%)
800 (4.36%)
555 (3.02%)
2,135 (11.63%)
1,295 (7.05%)
2,102 (11.45%)
333 (1.81%)
83 (0.45%)
811 (442%)

634 (3.45%)

ICU, intensive care unit; IQR, interquartile range; LOS, length of stay; CCI, Charlson Comorbidity Index.

ICU admission

No (n=14,872)

7,537 (50.68%)
7,335 (49.32%)
63 (50,75)
6,418 (43.15%)
3,264 (21.95%)
2744 (18.45%)

2,446 (16.45%)

14,079 (94.67%)
793 (5.33%)
427

12864.00 (8055.00,20658.25)

4,947 (33.26%)
9,925 (66.74%)

12,906 (86.78%)
1966 (13.22%)

9,261 (62.27%)
4,284 (28.81%)

1,327 (892%)

5,253 (35.32%)
4,563 (30.68%)
2,960 (19.90%)

2096 (14.09%)

5438 (36.57%)
2351 (1581%)
7,083 (47.63%)
3(1.4)
9,423 (63.36%)
5,449 (36.64%)
1(03)
4,681 (31.48%)
5999 (40.34%)
2,382 (16.02%)
1810 (12.17%)
195(1.31%)
301 (2.02%)
2,692 (18.10%)
428 (2.88%)
59(0.40%)
82(0.55%)
95 (0.64%)
147 (099%)
237 (1.59%)
588 (3.95%)
1849 (12.43%)
1,334 (8.97%)
1,540 (10.36%)
1,585 (10.66%)
3,729 (25.07%)
2002 (13.46%)
297 (2.00%)
3,607 (24.25%)
6,364 (42.79%)
826 (5.55%)
86 (0.58%)
3,180 (21.38%)
314 2.11%)
984 (6.62%)
601 (4.04%)
4,344 (29.21%)
522 (3.51%)
624 (4.20%)
661 (4.44%)
385 (259%)
1703 (11.45%)
1,001 (6.73%)
1711 (11.50%)
268 (1.80%)
56 (0.38%)
639 (4.30%)

480 (3.23%)

Yes (n = 3,491

1934 (55.42%)
1,556 (44.58%)
64(52,74)
1,410 (40.40%)
814(23.32%)
718 (2057%)

548 (15.70%)

2,697 (77.28%)
793 (2272%)
8(4,15)

29231.00 (14083.00,61327.00)

974 (27.91%)

2,516 (72.09%)

3,211 (92.01%)

279 (7.99%)

2042 (58.51%)
1,005 (28.80%)

443 (12.69%)

897 (25.70%)
1,034 (29.63%)
885 (25.36%)

674 (19.31%)

1,423 (40.77%)
652 (18.68%)
1,415 (40.54%)
3(25)
1890 (54.15%)
1,600 (45.85%)
2(1,3)

823 (23.58%)
1,415 (40.54%)
702 (20.11%)
550 (15.76%)
42 (1.20%)
83 (2.38%)
880 (25.21%)
100 (2.87%)
17 (0.49%)
23 (0.66%)
25 (0.72%)
34 (097%)
63 (1.81%)
161 (4.61%)
590 (1691%)
411 (11.78%)
355 (10.17%)
374 (1072%)
1,221 (34.99%)
467 (13.38%)
54/(1.55%)
1,063 (30.46%)
1,431 (41.00%)
227 (6.50%)
26 (0.74%)
836 (23.95%)
70 (2.01%)
386 (11.06%)
138 (3.95%)
1,215 (34.81%)
161 (4.61%)
192 (5.50%)
139 (3.98%)
170 (4.87%)
432(12.38%)
294 (8.42%)
391(11.20%)
65 (1.86%)
27 (0.77%)
172 (4.93%)

154 (4.41%)

<0.001

0.029

<0.001

<0.001
<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.671
0211
<0.001
1
0.547
0.526
0.693
1
0.416
0.085
<0.001
<0.001
0773
0.944
<0.001
0922
0.093
<0.001
0.057
0.033
0.309
0.001
0.744
<0.001
0.851
<0.001
0.002
0.001
0.247
<0.001
0.131
0.001
0.636
0.865
0.003
0112

0.001





OPS/images/fpubh-12-1430462-t002.jpg
Univariable logistic Multivariable logistic Shapley value decomposition

regression regression
OR (95% CI) P OR (95% CI) P Shapley value Contribution
Sex 000125 456%
Male Reference Reference
Female 083 (0.77-0.89) <0.001 085 (078-091) <0.001
Age 000133 483%
18-59 Reference Reference
60-69 114 (1.03-1.25) 001 117 (1.06-1.29) 0.003
70-79 119 (1.08-1.32) 0001 131 (1.17-1.47) <0.001
280 102 (0.91-1.14) 0725 1.08(0.95-1.23) 0218
Race 0.00173 6.29%
White Reference Reference
Non-white 129 (1.19-1.40) <0.001 125 (1.15-1.37) <0.001
Patient location 0.00259 9.42%
Metropolitan areas Reference Reference
Non-metropolitan 057 (0.50-0.65) <0001 075 (0.65-0.86) <0.001
areas
Medical insurance 0.00286 10.41%
Medicare/Medicaid Reference Reference
Private insurance 1.06 (0.98-1.16) 0.147 118 (1.07-1.30) 0.001
Other 151(135-1.7) <0.001 1.63 (1.43-1.86) <0.001
Household income 0.00885 32.27%
Quartile 1 Reference Reference
Quartile 2 133 (1.20-1.46) <0.001 126 (1.14-1.40) <0.001
Quartile 3 175 (1.58-1.94) <0.001 171 (154-1.91) <0.001
Quartile 4 188 (1.68-2.1) <0.001 1.85 (1.64-2.09) <0.001
Discharge quarter 0.00256 9.33%
Second quarter Reference Reference
‘Third quarter 1,06 (0.96-1.18) 0276 107 (096-1.19) 0.239
Fourth quarter 0.76 (0.7-0.83) <0.001 0.84(0.77-091) <0.001
ccr 1.09(1.07-1.10) <0.001 111(1.09-1.13) <0.001 000628 2289%

ICU, intensive care unit; OR, odds ratio; CI, confidence interval; CCI, Charlson Comorbidity Index, Charlson.





OPS/images/fpubh-12-1430462-g003.jpg
Race
White
Non-white
Patient location
Metropolitan areas
Non-metropolitan areas
Medical insurance
Medicare/Medicaid
Private insurance
Other
Household income
Quartile 1
Quartile 2
Quartile 3
Quartile 4
Discharge quarter
Second quarter
Third quarter
Fourth quarter

1.09
113

1.14
1.1
1.09
1.06

1.09
11

1.1
1.09

1.10
1.12
1.13

1.1
113
1.10
1.08

1.09
112
112

1.06-1.11
1.10-1.17

1.11-1.18
1.08-1.15
1.06-1.13
1.02-1.11

1.05-1.13
1.09-1.14

1.09-1.13
1.03-1.15

1.08-1.13
1.08-1.17
1.06-1.21

1.08-1.15
1.09-1.17
1.06-1.14
1.03-1.13

1.06-1.12
1.08-1.17
1.09-1.15

0.013

0.009

0.138

0.138

0.884

0.116

0.307

i “1 i ”J] [1

Pevorsiowercet . Pavors gher 61





OPS/images/fpubh-12-1430462-g004.jpg
95% Cl

group difference

Male 0.084 0.062-0.106  0.126 .

Female 0.110 0.085-0.136 —
Age

18-59 0.101 0.076-0.127  0.248 ——
60-69 0.110 0.076-0.145 ——
70-79 0.085 0.048-0.122 —_—

280 0.060 0.016-0.103 —_——
Race

White 0.078 0.045-0.110  0.149 —
Non-white 0.106 0.086-0.125 —
Patient location

Metropolitan areas 0.099 0.082-0.117  0.995 =
Non-metropolitan areas  0.099 0.037-0.161 _—
Medical insurance

Medicare/Medicaid 0.114 0.092-0.137  0.895 ——
Private insurance 0.106 0.076-0.136
Other 0.106 0.062-0.149 —_—
Household income

Quartile 1 0.119 0.085-0.153  0.316 —_—
Quartile 2 0.116 0.085-0.147 —_—
Quartile 3 0.093 0.061-0.126 —_——
Quartile 4 0.074 0.037-0.111 —_—
Discharge quarter

Second quarter 0.091 0.065-0.117  0.519 —

Third quarter 0.117 0.079-0.155 —_—
Fourth quarter 0.090 0.063-0.117 —

o it

e

°
Favors higher 01





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Equity evaluation of intensive care unit admission based on comorbidity in hospitalized patients with COVID-19: a cross-sectional analysis



		1 Introduction



		2 Materials and methods



		2.1 Study design and participants



		2.2 Outcome variable



		2.3 Health needs



		2.4 Covariates



		2.5 Statistical analysis









		3 Results



		3.1 Demographic and clinical characteristics



		3.2 Factors influencing ICU admission: results of logistic regression analysis



		3.3 Concentration curve and concentration index



		3.4 Subgroup analyses









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/fpubh-12-1430462-g001.jpg
In-hospital patients with confirmed COVID-19
N=18 547

Drop-out 87 patients:
Missing household income (n=61)
Missing patient location (n=43)
Missing medical insurance (n=13)
Missing clinical outcome (n=5)
Missing age (n=2)
Missing sex (n=1)

A 4

Patients admitted without missing data
N=18 460

Drop-out 98 patients:
Age < 18 years old (n=98)

A 4

Patients included in the final analysis
N=18 362






OPS/images/fpubh-12-1430462-g002.jpg
CAUIIVE PEPOITOINCE Surkl ORISR

08

06

04

02

Concentration index=0.004

02 04 s o8
‘Cumulative proportion of patients ranked by CCI

‘Concentration curve 95% CI





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

Equity evaluation of intensive
care unit admission based on
comorbidity in hospitalized
patients with COVID-19: a
cross-sectional analysis












OPS/images/crossmark.jpg
©

2

i

|






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






