

[image: image1]
Association between the cumulative dose of glucocorticoids before the development of pneumonia and death in patients receiving long-term glucocorticoids: a secondary analysis based on a Chinese cohort study









 


	
	
TYPE Original Research
PUBLISHED 20 July 2023
DOI 10.3389/fmed.2023.1175855






Association between the cumulative dose of glucocorticoids before the development of pneumonia and death in patients receiving long-term glucocorticoids: a secondary analysis based on a Chinese cohort study

Hui-Jie Guo1†, Yi-Lu Ye2†, Rong Cao1*, Zhi-Hua Liu3 and Qun He1*


1Guangdong Provincial Institute of Public Health, Guangdong Provincial Center for Disease Control and Prevention, Guangzhou, China

2Department of Rehabilitation Medicine, Key Laboratory of Biological Targeting Diagnosis, The Fifth Affiliated Hospital of Guangzhou Medical University, Guangzhou, China

3State Key Laboratory of Organ Failure Research, Guangdong Provincial Key Laboratory of Viral Hepatitis Research, Department of Infectious Diseases, Nanfang Hospital, Southern Medical University, Guangzhou, China

[image: image2]

OPEN ACCESS

EDITED BY
 Semra Bilaceroglu, University of Health Sciences (Turkey), Türkiye

REVIEWED BY
 Christian Bime, University of Arizona, United States
 Pin-Kuei Fu, Taichung Veterans General Hospital, Taiwan
 Antoni Torres Martí, Hospital Clinic of Barcelona, Spain

*CORRESPONDENCE
 Qun He, heq@gdiph.org.cn 
 Rong Cao, caorongjsnt@126.com

†These authors share first authorship

RECEIVED 01 March 2023
 ACCEPTED 04 July 2023
 PUBLISHED 20 July 2023

CITATION
 Guo H-J, Ye Y-L, Cao R, Liu Z-H and He Q (2023) Association between the cumulative dose of glucocorticoids before the development of pneumonia and death in patients receiving long-term glucocorticoids: a secondary analysis based on a Chinese cohort study. Front. Med. 10:1175855. doi: 10.3389/fmed.2023.1175855

COPYRIGHT
 © 2023 Guo, Ye, Cao, Liu and He. 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.
 

Background: The present study aimed to evaluate the association between the cumulative dose of glucocorticoids (GCs) and case fatality in hospitalized patients who developed pneumonia while receiving glucocorticoid therapy.

Methods: This retrospective cohort study included 625 patients receiving long-term GC treatment who were hospitalized with pneumonia (322 male and 303 female). Data were obtained from the Dryad Digital Repository and were used to perform secondary analysis. Multivariable Cox proportional hazard regression model and restricted cubic splines (RCS) were used to evaluate the association between the cumulative dose of GCs and case fatality. Sensitivity analyses and subgroup analyses were performed.

Results: The 30-day and 90-day death rates were 22.9 and 26.2%, respectively. After adjusting for potential confounders, compared with those in the lowest quintile (≤ 1.5 g), the Cox proportional hazard regression model analysis showed that patients with different cumulative doses of GCs (1.5 to 2.95, 2.95 to 5, 5 to 11.5, and > 11.5 g) had lower risks for 30-day death, with respective hazard ratios of 0.86 (95% CI, 0.52 to 1.42), 0.81 (0.49 to 1.33), 0.29 (0.15 to 0.55), and 0.42 (0.22 to 0.79). The multivariable-adjusted RCS analysis suggested a statistically significant N-shaped association between the cumulative dose of GCs and 30-day death. A higher cumulative dose of GC tended to first lead to an increase in 30-day death within 1.8 g, then to a statistically significant decrease until around 8 g [HR for 1 g = 0.82 (0.69 to 0.97)], and again to an increase afterward. Similar results were found in the subgroup analyses and sensitivity analyses.

Conclusion: N-shaped association between the cumulative dose of GCs and case fatality was observed in patients receiving long-term GC treatment who were hospitalized with pneumonia. Our findings may help physicians manage these patients.
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1. Introduction

Glucocorticoids (GCs) are used extensively for the treatment of inflammatory and suppressing immune responses (1, 2). Prolonged GC treatment may result in severe immunosuppression and opportunistic infections such as pneumonia due to a decisive influence on the immune function of macrophages and granulocytes (3–9). Numerous reports of opportunistic pulmonary infections (mainly caused by Pneumocystis jirovecii, Aspergillus, and Cytomegalovirus) have been described in immunocompromised patients receiving GCs (4–6, 10–17). Death rates of up to 50% have been reported in patients with immune-related diseases treated with long-term GCs who develop pulmonary infections (4, 6, 10). Given the high case fatality, it is imperative to identify the prognostic factors in patients who develop pneumonia while receiving GCs as early as possible and to enhance disease management.

Although several studies have been done to examine prognostic factors for pneumonia in non-HIV-infected immunosuppressed patients, researches focusing specifically on GC-induced immunocompromised patients are still scarce (12, 18–24). The effect of different doses of GCs before pneumonia onset on case fatality of pneumonia has been examined by a few studies in patients treated with long-term GCs (4, 10, 25). Patients with High-dose GCs seem to have a higher case fatality risk (4, 10, 25, 26). A meta-analysis demonstrated that the combined use of GCs with other immunosuppressants before infection resulted in poorer prognoses in autoimmune inflammatory disease patients with pneumocystis pneumonia (PCP) (3). A small sample study of 33 pulmonary infiltrates patients found that compared with patients receiving short-term GC treatment or receiving non-GC treatment, patients receiving long-term GC treatment showed the lowest local and systemic pulmonary inflammatory responses which are linked to the outcome of pneumonia (6). These previous studies have focused on the effects of High-dose of GCs, long-term GC treatment, and combined use of GCs with other immunosuppressants on the prognosis of GC-induced immunocompromised patients with pneumonia. The variable of cumulative exposure dosage is a combined measure of the daily dose and duration of GC use, which facilitates comprehensive and comparable quantitative assessments of GC use. With the extensive use of GCs and the accumulation of patients receiving long-term GCs, assessing the effect of cumulative doses of GCs on case fatality after pulmonary infections is important for disease management. However, the association between the cumulative dose of GCs before infection and case fatality in GC-induced immunocompromised patients with pneumonia is still unclear. In this study, we evaluated the dose–response relationship between the cumulative dose of GCs and case fatality utilizing 625 GC-induced immunocompromised patients hospitalized with pneumonia between January 1, 2013 and December 31, 2017 at six secondary and tertiary academic hospitals in China.



2. Materials and methods


2.1. Study design and participants

The data used in this study were obtained from the Dryad Digital Repository website.1 This website makes the raw data of published papers freely reusable for secondary analysis. According to the Dryad Terms of Service, Dryad data package was cited in the current study (27). In the original report (25), Li et al. conducted a retrospective cohort study of patients with pneumonia at six secondary and tertiary academic hospitals in China. 716 patients with underlying immune-related diseases treated chronically with GCs who were hospitalized with pneumonia between 1 January 2013 and 31 December 2017 were recruited. We downloaded the raw data and performed a secondary analysis. No informed consent was required because the data were anonymized.



2.2. Data collection

We extracted variables from the previously mentioned database as follows: Demographic data, medical history, clinical symptoms, initial vital signs and lung examination findings, disease severity [indicated by intensive care unit (ICU) admission, use of invasive or non-invasive mechanical ventilation, pneumonia severity index (PSI) score and/or confusion, uremia, elevated respiratory rate, hypotension, and aged 65 years or older (CURB-65 score)], laboratory and microbiological data, treatment information before admission (including use of antibiotics, antiviral drugs, GCs, and other immunosuppressants), and survival status 30 and 90-days after admission. The exposure variable was the cumulative dose of GCs, defined as the cumulative dose of oral or intravenous GC treatment for underlying immune-related diseases before developing pneumonia. More specific details are presented in the original report (25).



2.3. Outcomes

The primary outcome was 30-day death after admission, and secondary outcomes included ICU admission, respiratory failure, mechanical ventilation, CURB-65 score greater than 1, PSI score, multi-drug resistance (MDR), and persistent lymphocytopenia.



2.4. Statistical analyses

We excluded 88 patients who had no available information on the cumulative dose of GC treatment. Three additional patients also were excluded because of unrealistic values. Continuous variables were expressed as mean ± SD, and categorical variables were expressed as numbers (%). Differences were tested using the [image: image] test for categorical variables and the ANOVA for continuous variables.

The cumulative dose of GCs was divided into quintiles. Hazard ratios (HRs) and 95% confidence intervals (CIs) of those having a higher cumulative dose of GCs were estimated by Cox proportional hazard regression models with the lowest quintiles as the reference class. We developed three Cox proportional hazard regression models to evaluate the association between the cumulative dose of GCs and 30-day death. We did not adjust for any covariate in Model I and adjusted for age, sex, smoking status, and alcoholism in Model II. Model II plus high-dose steroids use, receiving other immunosuppressants, Pre-admission antibiotics treatment, Pre-admission antiviral drugs treatment, underlying immune-related diseases for chronic GC treatment, and microbial etiology of pneumonia constituted Model III, which was the fully adjusted model.

We also used restricted cubic splines (RCS) with five knots at the 5th, 27.5th, 50th, 72.5th, and 95th centiles to flexibly model the dose–response relationship between the cumulative dose of GCs and 30-day death in the fully adjusted model. We tested for potential non-linearity by using an ANOVA test comparing the model with only a linear term against the model with linear and cubic spline terms. If the relationship was nonlinear, we applied a segmented regression analysis to determine inflection points where the slope of the RCS curve changed suddenly. Then we built multivariable Cox proportional hazard regression models on either side of these points to investigate the association of the cumulative dose of GCs with 30-day death.

In the subgroup analyses, adjusted HRs and RCS smoothing plots of 30-day death associated with the cumulative dose were estimated and created, respectively, stratified by age (< 60 and ≥ 60 years), sex, smoking status, high-dose steroids use, receiving other immunosuppressants, connective tissue disease, interstitial lung disease, and microbial pathogens (Cytomegalovirus, Pneumocystis, and Gram-negative bacteria). The heterogeneity of effects across the subgroups was assessed by fitting models with and without interaction terms and comparing these by the likelihood ratio test. In addition, to examine the robustness of our findings, we performed a series of sensitivity analyses by conducting a propensity-score matching analysis and using 90-day death as the outcome variable. For the propensity-score matching, we matched patients by the aforementioned potential confounders. Matching was conducted with the use of a 1:2 matching protocol and with a propensity score in a range of ±0.02. Statistical analyses were performed using statistical packages R (version 4.1.1, The R Foundation; http://www.r-project.org). All the tests were 2-sided, and a p < 0.05 was considered statistically significant.




3. Results


3.1. Baseline characteristics

A total of 625 adult patients (322 male and 303 female) were enrolled in this study. The most common underlying immune-related diseases were connective tissue disease (53.1%) and interstitial lung disease (49.1%). The baseline characteristics of patients are summarized in Table 1. Patients with a higher cumulative dose of GCs were significantly more likely to be female predominant, more likely to have connective tissue disease, and had lower percentages of smoking (p < 0.05). Significant differences were found among groups in terms of the proportion of alcoholism, High-dose steroids use, receiving other immunosuppressants, Pre-admission antiviral drugs use, nephrotic syndrome or chronic glomerulonephritis, bronchial asthma or chronic obstructive pulmonary disease, lymphoma, solid organ transplant, and microbial pathogens, including Cytomegalovirus, Pneumocystis, Aspergillus, and Gram-negative bacteria (All p < 0.05). In addition, Supplementary Table S1 shows the distributions of symptoms, signs, and laboratory examinations.



TABLE 1 Baseline characteristics according to the cumulative dose of GCs in study participants.
[image: Table1]



3.2. Association between cumulative dose of GCs and case fatality

During up to 30 and 90-days of follow-up, we identified 143 (22.9%) and 164 (26.2%) deaths, respectively. Table 2 shows the results of the Cox proportional hazard regression models. The multivariable-adjusted model (Model III) revealed that compared with those in the lowest quintile (≤ 1.5 g), patients in different quintiles of the cumulative dose of GCs (1.5 to 2.95, 2.95 to 5, 5 to 11.5, and > 11.5 g) had lower risks for 30-day death, with respective hazard ratios of 0.86 (95% CI, 0.52 to 1.42), 0.81 (0.49 to 1.33), 0.29 (0.15 to 0.55), and 0.42(0.22 to 0.79).



TABLE 2 Hazard ratios (95% CIs) for the association between the cumulative dose of GC use and 30-day death by Cox regression models.
[image: Table2]

The multivariable-adjusted RCS analysis suggested a statistically significant N-shaped association of the cumulative dose of GCs with 30-day death (p for non-linearity ≤0.001). A higher cumulative dose of GC tended to first lead to an increase in 30-day death within 1.8 g [HR for 1 g = 1.51 (0.67 to 3.39)], then to a statistically significant decrease until around 8 g [HR for 1 g = 0.82 (0.69 to 0.97)], and again to an increase afterward [HR for 1 g = 1.003(0.975 to 1.031)] (Figure 1).

[image: Figure 1]

FIGURE 1
 The smoothing curve of the dose–response relationship between cumulative dose of GCs and 30-day death. Adjusted for age, sex, smoking status, drinking status, alcoholism, high-dose steroids use, receiving other immunosuppressants, Pre-admission antibiotics, Pre-admission antiviral drugs, diabetes mellitus, tumor, connective tissue disease, interstitial lung disease, nephrotic syndrome or chronic glomerulonephritis, idiopathic interstitial pneumonia, bronchial asthma or chronic obstructive pulmonary disease, lymphoma, bone marrow or hematopoietic stem cell transplant, solid organ transplant, radiation pneumonitis, microbial etiology of pneumonia (including cytomegalovirus, influenza virus, respiratory syncytial virus, pneumocystis, aspergillus, Gram-negative and Gram-positive bacteria). The solid line represents the HRs, and the shaded areas represent the 95% confidence intervals for the spline model.




3.3. Subgroup and sensitivity analyses

Table 3 and Supplementary Figure S1 present results from subgroup analyses based on Cox models and RCS, respectively. The results of subgroup analyses based on Cox models overall did not suggest significant effect modification by stratification variables for 30-day death, and tests for interactions were not statistically significant (p interactions > 0.05), except for CMV infection status (p interaction = 0.036). Furthermore, regardless of the subgroup, the RCS smoothing plots suggested an N-shaped association of the cumulative dose of GCs with 30-day death.



TABLE 3 Results of the subgroup analyses based on Cox models.
[image: Table3]

Our findings remained robust in several sensitivity analyses. The propensity-score matching analysis showed consistent results, in which 196 patients without death were matched to 119 patients with 30-day death after correcting for potential confounders (Supplementary Tables S2, S3; Supplementary Figure S2). Furthermore, results were similar when we used 90-day death as the outcome variable (Supplementary Table S4; Supplementary Figure S3).



3.4. Association between the cumulative dose of GCs and secondary outcomes

Significant differences were found among different cumulative dose groups of GCs in terms of the proportions of ICU admission, respiratory failure, mechanical ventilation, and the PSI score (All p < 0.05) (Table 4). Although statistically significant for only ICU admission and respiratory failure risk (Both p for non-linearity <0.05), the RCS smoothing plots suggested similar N-shaped associations between the cumulative dose of GCs and each of the secondary outcomes (Figure 2).



TABLE 4 Comparisons of secondary outcomes among different cumulative dose groups of GCs.
[image: Table4]
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FIGURE 2
 The smoothing curve of the dose–response relationship between cumulative dose of GCs and secondary outcomes. (A) Plot for ICU admission. (B) Plot for respiratory failure. (C) Plot for mechanical ventilation. (D) Plot for PSI score. (E) Plot for CURB-65 score > 1. (F) Plot for MDR. (G) Plot for persistent lymphocytopenia. Adjusted for age, sex, smoking status, drinking status, high-dose steroids use, receiving other immunosuppressants, Pre-admission antibiotics, Pre-admission antiviral drugs, diabetes mellitus, tumor, connective tissue disease, interstitial lung disease, nephrotic syndrome or chronic glomerulonephritis, idiopathic interstitial pneumonia, bronchial asthma or chronic obstructive pulmonary disease, lymphoma, bone marrow or hematopoietic stem cell transplant, solid organ transplant, radiation pneumonitis, microbial etiology of pneumonia (including cytomegalovirus, influenza virus, respiratory syncytial virus, pneumocystis, aspergillus, Gram-negative and Gram-positive bacteria). The solid line represents the HRs, and the shaded areas represent the 95% confidence intervals for the spline model. ICU, intensive care unit; PSI, pneumonia severity index; CURB-65, confusion, uremia, elevated respiratory rate, hypotension, and aged 65 years or older; MDR, multidrug-resistant.





4. Discussion

In the retrospective cohort study of patients receiving long-term GCs who were hospitalized with pneumonia, we examined the association between the cumulative dose of GCs before the development of pneumonia and case fatality. We found a significant N-shaped association between the cumulative dose of GCs and 30-day death. Our findings may help physicians manage these patients.

Opportunistic pulmonary infections are the most frequent complications in non-HIV-infected immunocompromised patients and portend high mortality (28). The mortality rate ranges from 30 to 40% in non-HIV-infected immunocompromised patients, versus 10 to 20% in HIV-infected patients (29, 30). The GC-induced immunocompromised patients account for a growing fraction of the non-HIV-infected immunocompromised population and have higher death rates of up to 45% (4–6, 10–17). In our study, the 30-day and 90-day case fatality rates were 22.9 and 26.2% in GC-induced immunocompromised patients with pneumonia, respectively.

GC-related adverse effects are the result of on-target glucocorticoid receptor-mediated effects in that they are amplified manifestations of the normal effects of endogenous cortisol (31). Generally, it is believed that transactivation is responsible to a greater extent than transrepression for adverse effects (31, 32). The risk of infection is increased during GC treatment due to immunosuppression mediated by transrepression and transactivation effects on both the innate and the acquired immune systems (31, 33). Long-term treatment with high-dose steroids is a significant risk factor for PCP in patients with solid organ transplants, hematologic malignancies, and rheumatic diseases (4, 34–36). Patients receiving an initial dose of prednisone ≥60 mg/day showed a significantly higher PCP incidence than those in <60 mg/day subgroups (4). Our study found that PCP was detected in 17.6, 26.9, 32.5%, 21.6, and 12.0% of patients in quintile groups of the cumulative dose of GCs (≤1.5, 1.5 to 2.95, 2.95 to 5, 5 to 11.5, and > 11.5 g) respectively. The detection rate of PCP increased and then decreased across increasing exposure groups.

To our knowledge, this is one of the rare studies to assess the association between the cumulative dose of GCs and case fatality in GC-induced immunocompromised patients with pneumonia and is the first to investigate the nonlinear relationship between them. Several studies have evaluated the effects of High-dose of GC, long-term GC treatment, and combined use of GC with other immunosuppressants on the prognosis of GC-induced immunocompromised patients with pneumonia (3, 4, 6, 25). One of these studies showed that the in-hospital mortality was 50%, and all those who died were on high-dose GC at the time of PCP diagnosis in GC-induced immunocompromised patients. The degree of harm associated with GC treatment is related to daily dose, total duration of treatment, and cumulative dose (37). For each 1 g increase in cumulative glucocorticoid dose, the risk for adverse events was increased by 3% (38). However, there are no reports on the dose–response relationship between the cumulative dose of GCs and case fatality in GC-induced immunocompromised patients with pneumonia. In the present study, we found a significant N-shaped association between the cumulative dose of GCs and 30-day death. That is, a higher cumulative dose of GC tended to first lead to an increase in 30-day death within 1.8 g [HR for 1 g = 1.51 (0.67 to 3.39)], then to a statistically significant decrease until around 8 g [HR for 1 g = 0.82 (0.69 to 0.97)], and again to an increase afterward [HR for 1 g = 1.003 (0.975 to 1.031)]. Interestingly, a long-term follow-up study included 779 rheumatoid arthritis patients suggested that compared to patients who were not receiving corticosteroids, the mortality risk first decreased and then increased across increasing exposure groups (Cumulative dose <9, 9–39.9, and ≥ 40 g groups), with respective hazard ratios of 0.59 (0.36 to 0.95), 1.12 (0.76 to 1.64), and 1.74 (1.25 to 2.44) for All-cause mortality, and hazard ratios of 0.70 (0.37 to 1.31), 1.08 (0.63 to1.88), and 2.05 (1.29 to 3.27) for cardiovascular mortality (39). These results were partially similar to the findings of our analyses for the case fatality rate of pneumonia. It should be noted that several differences exist between the long-term follow-up study and our study in study design. Firstly, the study population of the long-term follow-up study is whole patients with rheumatoid arthritis, but ours is a specific population, GC-induced immunocompromised patients hospitalized with pneumonia. Secondly, the outcome variables of the long-term follow-up study were all-cause mortality and cardiovascular mortality, which are markedly different from ours. Thirdly, the dose–response relationship in the long-term follow-up study was based on cumulative dose ranks, while ours was based on a continuous variable. We attempted to explore the underlying mechanisms of the N-shaped association between the cumulative dose of GCs and case fatality found in our study using available data. The indicators of pneumonia severity, including ICU admission, respiratory failure, mechanical ventilation, CURB-65 score greater than 1, PSI score, MDR, and persistent lymphocytopenia were analyzed as secondary outcomes. The RCS analyses suggested that although statistically significant for only ICU admission and respiratory failure indicators, all the indicators of pneumonia severity showed an N-shaped association with case fatality similar to the case fatality. The development of respiratory failure, the need for mechanical ventilation, and lymphocytopenia have been shown to be the strongest predictors of death in immunocompromised patients with pneumonia. These findings suggest a possible explanation for the N-shaped association between the cumulative dose of GCs and case fatality. That is, firstly, during the early stages of GC treatment initiation, the body is challenged by both the disease itself and the sudden stimulation of GC, and if pulmonary infections occur, the case fatality will increase with increasing cumulative doses of GCs. In the second stage, below a threshold (around 8 g), the pre-existing underlying immune-related disease and resulting physical damage are gradually improved with GC treatment, and the immune responses are suppressed, so the inflammatory response and severity of pneumonia are diminished and the outcome is better after pulmonary infections occur. In the third stage, above the threshold (around 8 g), GC tolerance and disease relapse might occur, and if pulmonary infections occur, the severity of pneumonia is substantial and the case fatality will increase with increasing cumulative doses of GCs (i.e., with increasing duration of GC treatment).

To ensure the reliability of our findings, we performed several subgroup and sensitivity analyses. Although some differences between subgroups were observed due to insufficient sample sizes after stratification, the results of subgroup analyses based on Cox models did not show statistically significant effect modification by stratification variables for case fatality. In addition, regardless of the subgroup, the smoothing spline plots suggested an N-shaped association between the cumulative dose of GCs with 30-day death. The sensitivity analyses further confirmed that our findings are robust.

The present study has several limitations. Firstly, this was a secondary analysis using publicly available data from a retrospective cohort study, which may result in some recall bias. Secondly, although our analyses controlled for many potential confounders, relevant confounders not captured by the publicly available dataset cannot be considered. Thirdly, we did not consider the potential influences of Pneumocystis jirovecii pneumonia prophylaxis on the findings of this study due to the constraint of the original data. Fourthly, our study was conducted among Chinese, so this association may need to be cautious when generalization among other ethnicities.



5. Conclusion

We found an N-shaped association between the cumulative dose of GCs and case fatality in GC-induced immunocompromised patients hospitalized with pneumonia. Our findings may help physicians manage these patients.
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