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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 

1 https://datadryad.org/resource/doi:10.5061/dryad.mkkwh70x2
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excluded because of unrealistic values. Continuous variables were 
expressed as mean ± SD, and categorical variables were expressed as 
numbers (%). Differences were tested using the χ 2 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.

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).

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).

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.

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 
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TABLE 1 Baseline characteristics according to the cumulative dose of GCs in study participants.

Variables, n (%) Total Q1 
(≤1.5  g)

Q2 
(1.5–2.95  g)

Q3 
(2.95–5  g)

Q4 
(5–11.5  g)

Q5 
(>11.5  g)

p value

30-day death 143(22.9) 37 (29.6) 37 (28.5) 36 (30.0) 15 (12.0) 18 (14.4) <0.001

Sex, female 303 (48.5) 47 (37.6) 53 (40.8) 51 (42.5) 65 (52.0) 87 (69.6) <0.001

Age 0.362

  18–39 86 (13.8) 12 (9.6) 15 (11.5) 20 (16.7) 21 (16.8) 18 (14.4)

  40–49 84 (13.4) 14 (11.2) 11 (8.5) 18 (15.0) 18 (14.4) 23 (18.4)

  50–59 131 (21.0) 25 (20.0) 35 (26.9) 24 (20.0) 29 (23.2) 18 (14.4)

  60–69 193 (30.9) 43 (34.4) 46 (35.4) 33 (27.5) 33 (26.4) 38 (30.4)

  70–79 90 (14.4) 22 (17.6) 16 (12.3) 20 (16.7) 15 (12.0) 17 (13.6)

  80–99 41 (6.6) 9 (7.2) 7 (5.4) 5 (4.2) 9 (7.2) 11 (8.8)

Smoking 0.003

  Never 464 (74.2) 81 (64.8) 91 (70.0) 83 (69.2) 100 (80.0) 109 (87.2)

  Current 148 (23.7) 40 (32.0) 35 (26.9) 33 (27.5) 24 (19.2) 16 (12.8)

  Former 13 (2.1) 4 (3.2) 4 (3.1) 4 (3.3) 1 (0.8) 0 (0.0)

Alcoholism 49 (7.8) 10 (8.0) 10 (7.7) 16 (13.3) 10 (8.0) 3 (2.4) 0.038

High-dose steroidsa 237 (37.9) 47 (37.6) 62 (47.7) 71 (59.2) 42 (33.6) 15 (12.0) <0.001

Other immunosuppressantsb 237 (37.9) 59 (47.2) 58 (44.6) 60 (50.0) 38 (30.4) 22 (17.6) <0.001

Pre-admission antibiotics 429 (68.6) 86 (68.8) 85 (65.4) 92 (76.7) 80 (64.0) 86 (68.8) 0.241

Pre-admission antiviral drugs 102 (16.3) 26 (20.8) 20 (15.4) 27 (22.5) 17 (13.6) 12 (9.6) 0.039

Diabetes mellitus 159 (25.4) 34 (27.2) 36 (27.7) 30 (25.0) 33 (26.4) 26 (20.8) 0.728

Tumor 37 (5.9) 5 (4.0) 9 (6.9) 6 (5.0) 12 (9.6) 5 (4.0) 0.276

Connective tissue disease 332 (53.1) 51 (40.8) 53 (40.8) 57 (47.5) 73 (58.4) 98 (78.4) <0.001

Interstitial lung disease 307 (49.1) 61 (48.8) 64 (49.2) 55 (45.8) 67 (53.6) 60 (48.0) 0.81

Nephrotic syndrome or chronic glomerulonephritis 79 (12.6) 9 (7.2) 19 (14.6) 22 (18.3) 19 (15.2) 10 (8.0) 0.033

Idiopathic interstitial pneumonia 63 (10.1) 12 (9.6) 15 (11.5) 16 (13.3) 15 (12.0) 5 (4.0) 0.119

Bronchial asthma or chronic obstructive pulmonary 

disease
15 (2.4) 9 (7.2) 4 (3.1) 0 (0.0) 2 (1.6) 0 (0.0) 0.001

Lymphoma 13 (2.1) 0 (0.0) 7 (5.4) 4 (3.3) 2 (1.6) 0 (0.0) 0.01

Bone marrow or hematopoietic stem cell transplant 5 (0.8) 3 (2.4) 0 (0.0) 0 (0.0) 2 (1.6) 0 (0.0) 0.089

Solid organ transplant 60 (9.6) 27 (21.6) 18 (13.8) 6 (5.0) 2 (1.6) 7 (5.6) <0.001

Radiation pneumonitis 6 (1.0) 0 (0.0) 1 (0.8) 1 (0.8) 4 (3.2) 0 (0.0) 0.059

Pathogens

Viruses

  Cytomegalovirus 202 (32.3) 27 (21.6) 60 (46.2) 47 (39.2) 39 (31.2) 29 (23.2) <0.001

  Influenza virus 76 (12.2) 23 (18.4) 12 (9.2) 17 (14.2) 11 (8.8) 13 (10.4) 0.102

  Respiratory syncytial virus 63 (10.1) 18 (14.4) 14 (10.8) 8 (6.7) 12 (9.6) 11 (8.8) 0.349

Funguses

  Pneumocystis 138 (22.1) 22 (17.6) 35 (26.9) 39 (32.5) 27 (21.6) 15 (12.0) 0.001

  Aspergillus 89 (14.2) 28 (22.4) 24 (18.5) 13 (10.8) 9 (7.2) 15 (12.0) 0.004

Bacteria

  Gram-negative 173 (27.7) 47 (37.6) 28 (21.5) 37 (30.8) 31 (24.8) 30 (24.0) 0.032

  Gram-positive 58 (9.3) 16 (12.8) 12 (9.2) 11 (9.2) 7 (5.6) 12 (9.6) 0.424

aHigh-dose steroid use was defined as equal to or greater than 30 mg/day of prednisolone or an equivalent GC within 30-days before admission.
bOther immunosuppressants including methotrexate, cyclosporine, cyclophosphamide, tacrolimus, sirolimus, and azathioprine. Q, quintile.
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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).

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 

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

Crude Adjust model Ia Adjust model IIb

HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

Q1 1 – 1 – 1 –

Q2 0.99 (0.63, 1.56) 0.958 0.99 (0.62, 1.56) 0.949 0.86 (0.52, 1.42) 0.559

Q3 1.03 (0.65, 1.62) 0.911 1.04 (0.65, 1.65) 0.882 0.81 (0.49, 1.33) 0.4

Q4 0.37 (0.20, 0.67) 0.001 0.36 (0.20, 0.66) 0.001 0.29 (0.15, 0.55) <0.001

Q5 0.44 (0.25, 0.78) 0.005 0.44 (0.25, 0.79) 0.006 0.42 (0.22, 0.79) 0.007

aAdjusted for age, sex, smoking status, and alcoholism.
bAdjusted 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). Q, quintile.

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.
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TABLE 4 Comparisons of secondary outcomes among different cumulative dose groups of GCs.

Q1 Q2 Q3 Q4 Q5 p value

ICU admission, n (%) 63 (50.4) 63 (48.5) 64 (53.3) 47 (37.6) 40 (32.0) 0.002

Respiratory failure, n (%) 78 (62.4) 77 (59.2) 76 (63.3) 50 (40.0) 47 (37.6) <0.001

Mechanical ventilation, n (%) 54 (43.2) 56 (43.1) 54 (45.0) 43 (34.4) 32 (25.6) 0.007

PSI score [mean (SD)] 84.99 (30.87) 87.50 (34.10) 80.79 (30.71) 77.28 (32.18) 77.30 (30.96) 0.033

CURB-65 score > 1, n (%) 43 (34.4) 43 (33.1) 35 (29.2) 31 (24.8) 38 (30.4) 0.505

MDR, n (%) 28 (22.4) 19 (14.6) 21 (17.5) 18 (14.4) 18 (14.4) 0.362

Persistent lymphocytopenia, n (%) 59 (47.2) 61 (46.9) 52 (43.3) 46 (36.8) 55 (44.0) 0.463

Persistent lymphocytopenia was defined as a peripheral blood lymphocyte count lower than 1 × 109/L for greater than 7-days.
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; Q, quintile.

TABLE 3 Results of the subgroup analyses based on Cox models.

Events/ 
Total

Q2 HR (95% 
CI)

Q3 HR (95% 
CI)

Q4 HR 
(95% CI)

Q5 HR (95% 
CI)

p for 
interaction

Age, year 0.840

<60 63/301 1.02 (0.45, 2.30) 1.16 (0.53, 2.56) 0.44 (0.16, 1.16) 0.49(0.18,1.33)

≥60 80/324 0.87 (0.45, 1.66) 0.60 (0.31, 1.18) 0.23 (0.09, 0.56) 0.35 (0.15, 0.80)

Gender 0.746

Male 75/322 0.76 (0.38, 1.52) 0.73 (0.38, 1.40) 0.23 (0.09, 0.59) 0.17 (0.05, 0.57)

Female 68/303 1.05 (0.47, 2.34) 0.86 (0.38, 1.96) 0.37 (0.14, 0.95) 0.62 (0.26, 1.47)

Smoking 0.325

No 103/464 0.98 (0.54, 1.77) 0.69 (0.36, 1.33) 0.33 (0.16, 0.68) 0.46 (0.23, 0.92)

Yes 40/161 0.43 (0.14, 1.35) 1.03 (0.39, 2.74) 0.14 (0.03, 0.80) 0.21 (0.03, 1.70)

High-dose steroids 0.870

No 69/388 0.69 (0.30, 1.58) 1.23 (0.54, 2.80) 0.26 (0.11, 0.66) 0.34 (0.15, 0.78)

Yes 74/237 0.97 (0.49, 1.95) 0.78 (0.38, 1.59) 0.33 (0.12, 0.95) 0.42 (0.12, 1.52)

Other immunosuppressants 0.713

No 88/388 0.99 (0.48, 2.02) 0.73 (0.36, 1.49) 0.23 (0.10, 0.53) 0.31 (0.14, 0.67)

Yes 55/237 1.11 (0.49, 2.55) 1.40 (0.66, 2.97) 0.46 (0.16, 1.35) 0.63 (0.17, 2.39)

Connective tissue disease 0.709

No 60/293 0.75 (0.34, 1.68) 0.82 (0.38, 1.79) 0.18 (0.06, 0.58) 0.74 (0.22, 2.47)

Yes 83/332 0.91 (0.46, 1.82) 0.82 (0.42, 1.61) 0.30 (0.13, 0.69) 0.30 (0.14, 0.66)

Interstitial lung disease 0.898

No 68/318 0.77 (0.34, 1.78) 0.71 (0.32, 1.58) 0.24 (0.08, 0.67) 0.58 (0.22, 1.49)

Yes 75/307 0.86 (0.43, 1.72) 0.79 (0.39, 1.59) 0.28 (0.11, 0.67) 0.30 (0.12, 0.75)

Pathogens

Cytomegalovirus 0.036

No 89/423 1.42 (0.77, 2.63) 1.10 (0.58, 2.08) 0.41 (0.17, 0.96) 0.44 (0.20, 0.99)

Yes 54/202 0.31 (0.12, 0.82) 0.54 (0.21, 1.43) 0.17 (0.05, 0.55) 0.37 (0.11, 1.29)

Pneumocystis 0.128

No 101/487 0.96 (0.53, 1.77) 0.61 (0.33, 1.14) 0.32 (0.16, 0.66) 0.34 (0.16, 0.71)

Yes 42/138 0.88 (0.28, 2.74) 1.17 (0.43, 3.23) 0.14 (0.02, 0.89) 0.50 (0.10, 2.56)

Gram-negative bacteriums 0.323

No 95/452 0.44 (0.14, 1.45) 0.61 (0.25, 1.50) 0.27 (0.08, 0.89) 0.45 (0.14, 1.40)

Yes 48/173 1.17 (0.63, 2.17) 0.88 (0.46, 1.70) 0.28 (0.12, 0.64) 0.33 (0.14, 0.74)

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). Not adjusted for the stratification variable itself. Q, quintile.
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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.
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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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