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Abstract

Background Severe pneumonia has consistently been associated with high mortality. We sought to identify risk fac-
tors for the mortality of severe pneumonia to assist in reducing mortality for medical treatment.

Methods Electronic databases including PubMed, Web of Science, EMBASE, Cochrane Library, and Scopus were sys-
tematically searched till June 1, 2023. All human research were incorporated into the analysis, regardless of language,
publication date, or geographical location. To pool the estimate, a mixed-effect model was used. The Newcastle—
Ottawa Scale (NOS) was employed for assessing the quality of included studies that were included in the analysis.

Results In total, 22 studies with a total of 3655 severe pneumonia patients and 1107 cases (30.29%) of death were
included in the current meta-analysis. Significant associations were found between age [5.76 years, 95% confidence
interval [Cl] (343, 8.09), P<0.00001], male gender [odds ratio (OR)=1.47,95% Cl (1.07, 2.02), P=0.02], and risk of death
from severe pneumonia. The comorbidity of neoplasm [OR=3.37,95% Cl (1.07, 10.57), P=0.04], besides the presence
of complications such as diastolic hypotension [OR=2.60, 95% Cl (1.45,4.67), P=0.001], ALI/ARDS [OR=3.63, 95% Cl
(1.78,7.39), P=0.0004], septic shock [OR=9.43, 95% Cl (4.39, 20.28), P< 0.00001], MOF [OR=4.34, 95% CI (2.36, 7.95),
P<0.00001], acute kidney injury [OR=2.45,95% Cl (1.14, 5.26), P=0.02], and metabolic acidosis [OR=5.88, 95% Cl
(1.51,22.88), P=0.01] were associated with significantly higher risk of death among patients with severe pneumonia.
Those who died, compared with those who survived, differed on multiple biomarkers on admission including serum
creatinine [Scr:+67.77 mmol/L, 95% Cl (47.21, 88.34), P<0.00001], blood urea nitrogen [BUN:+6.26 mmol/L, 95% Cl
(149, 11.03), P=0.01], C-reactive protein [CRP:+33.09 mg/L, 95% Cl (3.01, 63.18), P=0.03], leukopenia [OR=2.63, 95%
Cl (1.34,5.18), P=0.005], sodium < 136 mEq/L [OR=2.63, 95% Cl (1.34, 5.18), P=0.005], albumin [-5.17 g/L, 95% Cl
(—7.09,-3.25), P<0.00001], PaO,/FiO, [~ 55.05 mmHg, 95% CI (- 60.11,—50.00), P < 0.00001], arterial blood PH [-0.09,
95% Cl (—0.15,—0.04), P=0.0005], gram-negative microorganism [OR=2.56,95% Cl (1.17, 5.62), P=0.02], and multilo-
bar or bilateral involvement [OR=3.65, 95% Cl (2.70, 4.93), P< 0.00001].

Conclusions Older age and male gender might face a greater risk of death in severe pneumonia individuals. The
mortality of severe pneumonia may also be significantly impacted by complications such diastolic hypotension, ALI/
ARDS, septic shock, MOF, acute kidney injury, and metabolic acidosis, as well as the comorbidity of neoplasm, and lab-
oratory indicators involving Scr, BUN, CRP, leukopenia, sodium, albumin, PaO,/FiO,, arterial blood PH, gram-negative
microorganism, and multilobar or bilateral involvement.
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Introduction

Data from the 2019 Global Burden of Disease Study
reported that lower respiratory infections were the fourth
leading cause of mortality worldwide, accounting for
over 2.49 million deaths, behind only neonatal disorders,
ischemic heart disease, and stroke [1]. Severe pneumonia
is a frequently common serious condition characterized
by lower respiratory infection, with a high mortality, sev-
eral complications, a poor prognosis, and a substantial
economic burden [2]. Besides, it is a leading cause of ICU
admission and infection-related death around the globe
[3]. In the USA, pneumonia is to blame for 78% of infec-
tion-related deaths [4]. Despite the continuous advances
in treatment over the past several decades, severe pneu-
monia has always been associated with a high mortality
rate, ranging from 20% to more than 50% [5]. Therefore,
it is crucial to investigate factors that contribute to the
mortality of patients with severe pneumonia.

Identifying long-term mortality risk factors is critical
for physicians to identify at-risk patients and for research-
ers to conduct interventional trials aiming at improving
clinical outcomes [6]. Unreliable predictors may do more
harm than benefit when used to guide clinical decisions
[7]. For example, risky and aggressive therapies might
be performed if the risk of poor outcomes is inaccu-
rately characterized as high based on unreliable predic-
tors. There are plenty of primary studies that attempt to
discover prognostic factors for severe pneumonia, but
frequently the results are inconsistent, the quality of the
studies is inconsistent, and the predictive value of the
majority of these potential prognostic factors has not been
thoroughly assessed. Therefore, it is essential to identify,
assess, and synthesize prognostic factor studies by apply-
ing systematic reviews and meta-analyses.

Systematic reviews and meta-analyses, which are key
evidence synthesis methodologies, are widely employed
in addressing varied healthcare concerns, and they are
the foundation of evidence-based healthcare, providing
evidence to support decision-making [8]. The majority of
systematic reviews focus on summarizing the efficacy of
interventions for a specific disease. Nonetheless, they are
also essential for summarizing other evidence, such as
the accuracy of screening and diagnostic tests, the causal
association between risk factors and disease onset, and
the prognostic ability of specific factors and biomarkers
[9]. As a result, we sought to increase our understand-
ing of severe pneumonia by conducting a systematic
meta-analysis of published articles in order to thoroughly

explain factors associated with mortality in hospitalized
patients with severe pneumonia.

Methods

Protocol

This article has been reported in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) checklist [10] and registered in
the PROSPERO database (CRD 42023430684).

Data sources

By using PubMed, Web of Science, EMBASE, Cochrane
Library, and Scopus from inception to June 2023 with-
out regard to language, we carried out a retrospective,
cross-sectional systematic review. “severe pneumonia OR
severe pulmonary inflammation OR severe pulmonary
infection OR severe community acquired pneumonia
OR severe hospital acquired pneumonia” (Title/Abstract)
AND “mortality OR death OR died OR prognosis OR
characteristics OR risk factors OR surviv* OR decease*
OR fatal*” (All fields) were the search terms that we used.
To ensure that we avoided ignoring any eligible studies,
the references of meta-analyses or systematic review arti-
cles were additionally searched.

Study selection

Two independent investigators reviewed the initial search
results for relevant content with the titles and abstracts,
and disagreements were solved by consensus. The full
texts were reviewed for the eligibility criteria (Fig. 1).

The criteria for the inclusion of studies were as fol-
lows: (1) participants—patients with confirmed severe
pneumonia; (2) design—primary studies with individual
data for each mortality outcome group, i.e., survivors
and non-survivors; (3) exposure variables—demographi-
cal characteristics, comorbidities, complications, clinical
manifestations, laboratory results, or long-term prognosis
outcomes; and (4) outcome—all patients observe to defin-
itive hospital discharge or severe pneumonia mortality.

Noneligible publication types, such as duplicate pub-
lications, reviews, editorials, vitro or animal studies,
case reports, family-based studies, opinions, comments,
responses, or other non-data driven article-types, or
pediatric-only cases were excluded. Only the article
of superior quality was used into the analysis, in cases
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Fig. 1 Flow diagram of the literature reviewing process and results

where multiple studies were published based on the iden-
tical patient sample and authored by the same individual.
To enhance homogeneity, we selected for excluding stud-
ies that explicitly focused on fungal and viral pneumonia,
such as severe HIN1, SARS, or COVID-19.

Data extraction

The data extracted by two investigators independently
from the included studies involved various aspects,
including study design, the name of the first author,
publication year, patient demographics (age and gen-
der), sample size, exposure variables (risk factors),
outcome variables (mortality risk), methods employed
for exposure and outcome assessment, the primary
adjusted risk estimate (expressed as hazard ratios, odds
ratios, or relative risks) along with 95% confidence
intervals (95% CI), and the adjusted confounding varia-
bles. Disagreements were resolved until consensus was
reached by mutual discussion with a third reviewer.

Quality assessment
Two independent reviewers used the Newcastle—
Ottawa Scale (NOS) to evaluate the quality of included

studies through the three criteria listed above: patient
selection for the study, confounding variable adjust-
ment, and outcome evaluation [11]. Each study may
receive a maximum of 9 points based on this scale.
Scores of 0 to 3, 4 to 6, and 7 to 9 were defined as low-,
moderate-, and high-quality studies, respectively. Disa-
greements were resolved until consensus was reached
by mutual discussion with a third reviewer.

Statistical analysis

A meta-analysis was conducted using the program
Review Manager (RevMan) (https://training.cochrane.
org/online-learning/core-software-cochrane-reviews/
revman) for comparing clinical features between patients
with severe pneumonia who survived and those who did
not. For continuous variables, whenever two or more
studies reported a particular parameter, we estimated
weighted mean differences and 95% CI in patients with
severe pneumonia who survived vs. those who did not.
We weighted the studies included in the meta-analysis
using the generic inverse variance approach in RevMan.
Additionally, RevMan was used to calculate measures of
heterogeneity such as the x* and /* statistics and the Tau?
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statistic for random-effects analysis [12]. When the sta-
tistical heterogeneity between studies was small (?>0.10,
P <50%), use fixed effect model; on the contrary, if the
statistical heterogeneity among the studies was large
(P<0.10, I* >50%), the random effect model was used and
sensitivity analysis was performed to find the source of
heterogeneity. If the heterogeneity was too large, further
subgroup analysis was performed.

Results

Study search

A comprehensive review of papers published on or prior
to June 1, 2023, yielded a total of 12,848 topic-related
articles. 7504 duplicates and 5287 studies that did not
meet the qualifying criteria were eliminated, resulting in
57 papers that remained for further review. Papers for 35
were eliminated due to the following three primary fac-
tors: incorrect patient population, incorrect study design,
and insufficient information. Ultimately, we got 22 stud-
ies that met all of the inclusion criteria (Fig. 1).

Study characteristics

A total of 3655 participants were enrolled in the investi-
gations. Out of a total of 22 studies, three were conducted
in mainland China and three in Taiwan, China. Addition-
ally, three studies were carried out in Singapore, while
two studies each were conducted in France, the USA,
Tunisia, and Spain. Furthermore, one study each was per-
formed in the UK, Egypt, Australia, Russia, and South
Africa. The enrolled patient sample size varied from 8 to
815 individuals. Overall, 1107 patients died (30.3%). Out
of the total 808 participants, 501 individuals (62.0%) were
identified as male gender. Additionally, the average age of
the patients enrolled was 69.8 years. The main character-
istics of the included studies are reported in Table 1.

Demographical characteristics

An increased risk of death was found to be associated
with older age [Table 2 and Fig. 2A, mean difference 5.76,
95% CI (3.43, 8.09), P<0.00001]. Furthermore, male gen-
der was associated with a higher mortality risk [Table 3
and Fig. 2B; odds ratio [OR]=1.47, 95% CI (1.07, 2.02),
P=0.02].

Comorbidities

In our conducted meta-analysis, the comorbidity of neo-
plasm were identified as being strongly associated with
an increased risk of mortality attributed to severe pneu-
monia [Fig. 3, OR=3.37, 95% CI (1.07, 10.57), P=0.04]
(summarized in Table 3).
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No significant association was observed between the
risk of death from severe pneumonia and comorbidi-
ties including COPD [Fig. S2A, OR=0.91, 95% CI (0.52,
1.58), P=0.73], hypertension [Fig. S2B, OR=0.78, 95%
CI (0.55, 1.10), P=0.16], and diabetes mellitus [Fig. S2C,
OR=1.03,95% CI (0.78, 1.35), P=0.85].

Complications

Among the whole patient population, bacteremia
emerged as the most prevalent complication among
patients that died with an incidence of 42.3%, followed
by metabolic acidosis (40.9%), septic shock (40.1%), acute
kidney injury (39.7%), ALI/ARDS (38.0%), and multiple
organ failure (MOF, 26.7%).

In our conducted meta-analysis, several complica-
tions were identified as being strongly associated with an
increased risk of mortality attributed to severe pneumo-
nia (summarized in Table 3), including diastolic hypoten-
sion [Fig. 4A, OR=2.60, 95% CI (1.45, 4.67), P=0.001],
ALI/ARDS [Fig. 4B, OR=3.63, 95% CI (1.78, 7.39),
P=0.0004], septic shock [Fig. 4C, OR=9.43, 95% CI
(4.39, 20.28), P<0.00001], MOF [Fig. 4D, OR=4.34, 95%
CI (2.36, 7.95), P<0.00001], acute kidney injury [Fig. 4E,
OR=2.45, 95% CI (1.14, 5.26), P=0.02], and meta-
bolic acidosis [Fig. 4F, OR=5.88, 95% CI (1.51, 22.88),
P=0.01].

No significant association was observed between the
risk of death from severe pneumonia and complications
including respiratory failure [Fig. S3A, OR=1.37, 95% CI
(0.59, 3.18), P=0.47], acute confusion [Fig. S3B, OR=1.69,
95% CI (0.53, 5.43), P=0.37], pleural effusion [Fig. S3C,
OR=0.95, 95% CI (0.14, 6.45), P=0.95] and bacteremia
[Fig. $3D, OR =0.91, 95% CI (0.40, 2.05), P=0.82].

Clinical manifestations

There was no statistically significant association
observed between mortality and the presence of res-
piratory rate [Fig. S1A,+2.14 breaths/min, 95% CI
(=1.23, 5.51), P=0.21], heart rate [Fig. S1B,+ 1.37 beats/
min, 95% CI (-6.03, 8.78), P=0.72], body tempera-
ture [Fig. S1C,—0.35 °C, 95% CI (-0.71, 0.01), P=0.05],
mean arterial pressure [Fig. S1D, MAP:—8.24 mmHg,
95% CI (—23.80, 7.32), P=0.3], or urine output
[Fig. S1E,—355.79 mL, 95% CI (—834.27, 122.70),
P=0.15] in severe pneumonia patients (Table 2).

Laboratory results

The relationship between frequent laboratory results and
mortality was investigated (Tables 2 and 3) and Fig. 5,
S4). The non-survivor group had higher levels of several
severe pneumonia biomarkers. The non-survival and sur-
vival groups had varied levels of inflammatory factors,
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Table 1 Characteristics of studies included in the systematic review and meta-analysis

Study Publication year Sample size (survivor/non- Study design Country
survivor)

Pallares et al. [13] 1995 504 (364/140) Prospective Spain

Potgieter et al. [14] 1996 58 (46/12) Prospective The USA

El-Ebiary et al. [15] 1997 84 (59/25) Prospective Spain

Hirani et al. [16] 1997 57 (24/33) Retrospective UK

Sikka et al. [17] 2000 104 (47/57) Prospective The USA

Feldman et al. [18] 2001 182 (106/76) Prospective South Africa

Paganin et al. [19] 2004 112 (64/48) Prospective France

Wilson et al. [20] 2005 96 (65/31) Prospective Australia

Poulose Vet al. [21] 2008 80 (56/24) Retrospective Singapore

Ongetal. [22] 2009 8 (3/5) Retrospective Singapore

Lee et al. [23] 2010 112 (55/57) Retrospective Taiwan, China

Phua et al. [24] 2010 74 (45/29) Retrospective Singapore

Belkhouja et al. [25] 2012 132 (99/33) Retrospective Tunisia

Georges et al. [26] 2013 317 (201/116) Retrospective and prospective  France

Fekih et al. [27] 2014 209 (149/60) Prospective Tunisia

Chien et al. [28] 2015 40 (25/15) Prospective Taiwan, China

Sakharov et al. [29] 2020 60 (30/30) Retrospective Russia

Abdelaziz et al. [30] 2021 100 (59/41) Prospective Egypt

Tseng et al. [31] 2021 815 (678/137) Retrospective Taiwan, China

Geng etal. [32] 2022 119 (83/36) Retrospective China

Zhang Ketal. [33] 2023 240 (183/57) Multicenter prospective China

Zhang Cet al. [34] 2023 152 (107/45) NA China

with the former displaying a higher level of C-reactive
protein [CRP: Fig. 5A,+33.09 mg/L, 95% CI (3.01, 63.18),
P=0.03]. Leukopenia is a medical disorder characterized
by white blood cells count below 4-x 10°/L, and it is nota-
bly more frequent among individuals who do not sur-
vive [Fig. 5B, OR=2.63, 95% CI (1.34, 5.18), P=0.005].
Multilobar or bilateral involvement [Fig. 5C, OR=3.65,
95% CI (2.70, 4.93), P<0.00001] was consistently higher
among those patients who died. The non-survival group
exhibited greater amounts of gram-negative microor-
ganisms than the survival group [Fig. 5D, OR=2.56,
95% CI (1.17, 5.62), P=0.02]. This study findings indi-
cated that non-survivors had significantly higher levels
of serum creatinine [Scr: Fig. 5E,+67.77 mmol/L, 95%
CI (47.21, 88.34), P<0.00001] and blood urea nitro-
gen [BUN: Fig. 5F,+6.26 mmol/L, 95% CI (1.49, 11.03),
P=0.01], suggesting a correlation between poorer renal
function on hospital admission and greater mortality.
The albumin [Fig. 5G,—-5.17 g/L, 95% CI (—7.09,-3.25),
P<0.00001], PaO,/FiO, [Fig. 5H,—55.05 mmHg, 95%
CI (-60.11,—50.00), P<0.00001], and arterial blood
PH [Fig. 5I,—0.09, 95% CI (—0.15,—0.04), P=0.0005]
tended to be lower in severe pneumonia patients who
did not survive. Similarly, patients with severe pneumo-
nia who died had higher percentages of blood sodium

below 136 mEq/L [Fig. 5], OR=2.63, 95% CI (1.34, 5.18),
P=0.005].

We found that some laboratory results showed no
statistically significant differences between survivors
and non-survivors, including bacterial mixed infection
[Fig. S4A, OR=2.18, 95% CI (0.72, 6.55), P=0.17], posi-
tive blood culture [Fig. S4B, OR=1.84, 95% CI (0.52,
6.49), P=0.35], sputum cont culture growth (Fig. S4C,
OR=1.07, 95% CI (0.76, 1.51), P=0.70), gram-positive
microorganism [Fig. S4D, OR=1.76, 95% CI (0.64, 4.81),
P=0.27], WBC count [Fig. S4E,—0.04x10°/L, 95% CI
(—5.34, 5.26), P=0.99], platelet count [Fig. S4F,—8.79
pg/L, 95% CI (—19.23, 1.66), P=0.1], hemoglobin [Fig.
S4G,—2.86 g/L, 95% CI (—10.78, 5.06), P=0.48], glu-
tamic oxaloacetic transaminase [AST: Fig. S4H, +25.80
U/L, 95% CI (—48.11, 99.72), P=0.49], and potassium
[Fig. S41,+ 0.33 mmol/L, 95% CI (—0.22, 0.88), P=0.24].

Long-term prognosis outcomes

The length of hospital stay [Fig. S5A, 0.49 d, 95% CI
(—2.09, 3.08), P=0.71] and length of ICU stay [Fig.
S5B,—0.09 d, 95% CI (—8.67, 8.48), P=0.98] were not
related with an increased risk of death in patients with
severe pneumonia.
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Variable No. of studies

Mean difference (95% Cl) non-survivor-
survivor

Meta-analysis P value

Demographical characteristics
Age (years) 15
Clinical manifestations
Respiratory rate (breaths/min)
Heart rate (beats/min)
Body temperature (°C)
MAP (mmHg)
Urine output (mL)

NN N W W

Laboratory results
WBC count (x 10%/L)
Platelet count (cells/mm?)
CRP (mg/L)
Hemoglobin (g/L)
Albumin (g/L)

AST (U/L)

Scr (mmol/L)

BUN (mmol/L)
Potassium (mmol/L)
PaO,/FiO,

Arterial blood PH

Long-term prognosis outcomes

[ "SI, I R N N NS N OV VU NV

N

Length of hospital stay (days)
Length of ICU stay (days) 2

5.76 (343, 8.09) <0.00001*
2.14(-1.23,551) 0.21

1.37 (- 6.03,8.78) 0.72
—-0.35(=0.71,0.01) 0.05
—824(-23.80,7.32) 03
—355.79 (=834.27,122.70) 0.15

—0.04 (—5.34,5.26) 0.99
—879(=19.23,1.66) 0.10

33.09 (3.01,63.18) 0.03*
—2.86(—=10.78, 5.06) 048

—5.17 (=7.09,-3.25) <0.00001*
25.80 (—=48.11,99.72) 0.49

67.77 (47.21,88.34) <0.00001*
6.26 (1.49,11.03) 0.01*

0.33(-0.22,0.88) 0.24

—55.05(-=60.11,-50.00) <0.00001*
—-0.09 (=0.15,-0.04) 0.0005*
049 (-2.09, 3.08) 0.71

—0.09 (-8.67,848) 0.98

Abbreviations: WBC, white blood cell; AST, glutamic oxaloacetic transaminase; Scr, serum creatinine; BUN, blood urea nitrogen; CRP, C-reactive protein; MAP, mean

arterial pressure
"P<0.05

Heterogeneity analysis

There were statistically significant differences between
survivors and non-survivors in severe pneumonia on the
basis of age, gender, complications with diastolic hypo-
tension, ALI/ARDS, septic shock, MOF, acute kidney
injury, metabolic acidosis, the comorbidity of a neoplasm,
and laboratory tests such as Scr, BUN, CRP, leukopenia,
sodium, albumin, PaO,/FiO,, arterial blood PH, gram-
negative microorganism, and multilobar or bilateral
involvement. However, there was large heterogeneity in
age, septic shock, acute kidney injury, metabolic acidosis,
neoplasm, BUN, CRP, and albumin (/?>50%). Therefore,
we conducted an analysis to determine the source of this
heterogeneity.

The mortality of severe pneumonia was significantly
influenced by age in our study, with a high degree of het-
erogeneity (P<0.00001, ?=92%). According to studies
included in our article, different countries exhibit vari-
ations in their medical settings, with intensive care unit
admission potentially serving as an indicator of the sever-
ity of a disease. Within subgroups, factors including sex

ratio, sample size, and study design were evaluated. The
results of our study indicated that there was substantial
variation among each subgroup, indicating that the fac-
tors in consideration did not make a substantial contribu-
tion to the observed heterogeneity (Table 4). As a result,
we formulated the hypothesis that intervention meas-
ures, treatment duration, and additional variables might
exert an influence. However, a thorough comparison tak-
ing these aspects into account was not acquired due to
the small amount of data available in the original litera-
ture review.

The statistical results of septic shock (P<0.00001,
PP=70%) revealed significant heterogeneity. By systemati-
cally removing individual studies, we identified that the
elimination of Paganin et al. [19] resulted in non-signif-
icant heterogeneity (P<0.00001, I*=41%), suggesting
that this particular study was a major source of hetero-
geneity in relation to septic shock. Furthermore, this par-
ticular study also significantly in acute kidney injury, the
statistical results changed from (P=0.02, *=52%) to
(P<0.00001, *=0%) when removed the study of Paganin



(A) Age

Study or Subgroup
Abdelaziz et al.2021
Belkhouja et al.2012
Chien et al.2015
Fekih et al.2014
Geng et al.2022
Georges et al.2013
Lee et al.2010

Ong et al.2009
Phua et al.2010
Sakharov et al.2020
Sikka et al.2000
Tseng et al.2021
Wilson et al.2005
Zhang C et al.2023
Zhang K et al.2023

Total (35% CI)
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Non-survivors

Mean
63
60.7
76.3
69
69.97
68.5
67.5
60.6
69.6
74.6
83.8
76.48
68
69.15
69.5

SD Total
18 41
14.7 33
14.8 15
14 60
12.69 36
144 116
1.9 57
7.3 5
15.1 29
2.1 30
55 57
16.14 137
14 31
2.76 45
11.7 57
749

Survivors
Mean SD Total
57 17 59
457 224 99
744 137 25
63 17 149
54.2 18.21 83
629 153 201
67.7 2 55
58.33 15.95 3
594 187 45
66.2 3.4 30
81.4 4.9 47
76.72 1425 678
55 16 65
67.38 294 107
64.3 16.1 183
1829

Weight
5.1%
5.4%
3.8%
71%
6.1%
8.0%
9.5%
1.3%
4.6%
9.2%
8.9%
8.3%
5.6%
9.4%
7.6%

100.0%

Heterogeneity: Tau? = 14.73; Chi? = 179.39, df = 14 (P < 0.00001); I? = 92%
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Mean Difference
1V. Random. 95% CI

Mean Difference
1V. Random. 95% CI
6.00 [-1.01, 13.01]
15.00 [8.32, 21.68]
1.90[-7.32, 11.12]
6.00 [1.53, 10.47]
15.77 [10.07, 21.47]
5.60 [2.23, 8.97]
-0.20[-0.92, 0.52]
2.27 [-16.88, 21.42]
10.20 [2.45, 17.95]
8.40[6.97, 9.83]
2.40[0.40, 4.40]
-0.24 [-3.15, 2.67]
13.00 [6.72, 19.28]
1.77 [0.79, 2.75]
5.20[1.37,9.03]

4

—
—
-
—
-~
-
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-
L
S
-
—
¢

5.76 [3.43, 8.09]

T T T
-25 0

Test for overall effect: Z = 4.85 (P < 0.00001) -50 Survivors Non_suf/isvors 50

(B) Gender
Male Deaths Female Deaths Odds Ratio Odds Ratio

Study or Subgroup __Events Total Events  Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI

Abdelaziz et al.2021 27 60 14 40 14.3% 1.52 [0.67, 3.47] T

Chien et al.2015 12 27 3 13 35%  2.67[0.60, 11.91] ]

El-Ebiary et al.1997 27 63 6 21 8.0% 1.88 [0.64, 5.47] T

Fekih et al.2014 43 136 17 73 23.5% 1.52[0.79, 2.92] I

Geng et al.2022 28 82 8 37 11.3% 1.88 [0.76, 4.65] T

Ong et al.2009 3 5 2 3  16% 0.75[0.04, 14.97]

Wilson et al.2005 19 54 12 42 13.6% 1.36 [0.57, 3.25] B B

Zhang C et al.2023 22 74 23 78  24.4% 1.01 [0.50, 2.03] —

Total (95% CI) 501 307 100.0% 1.47 [1.07, 2.02] <&

Total events 181 85

Heterogeneity: Chi? = 2.44, df = 7 (P = 0.93); I = 0% 0.65 0?2 ; 5 2=0

Test for overall effect: Z = 2.39 (P = 0.02)

Female Male

Fig. 2 Forest plots demonstrating the association between severe pneumonia mortality and the presence of age (A) and gender (B). Sizes of data
markers indicate weight of studies. Cl, confidence intervals; df, degrees of freedom; IV, inverse variance

et al. [19]. Analysis of the original literature revealed
that patients included in this study underwent mechani-
cal ventilation therapy during early admission, which
may account for the observed heterogeneity. Addition-
ally, when El-Ebiary et al. [15] article removed, the neo-
plasm statistics transformed from (P=0.04, I*=53%)
to (P<0.00001, >=0%). Further analysis indicated that
patients received antibiotic treatment prior to admis-
sion—a significant factor contributing to neoplasm
heterogeneity. The remaining outcome indicators of met-
abolic acidosis, BUN, CRP, and albumin were reported in
less than five studies, so the heterogeneity of the meta-
analysis was high.

Quality assessment

The Newcastle—Ottawa score of the included studies was
7 ~9, and the quality of all articles was evaluated as high
(Table 5).

Discussion

This study presents a systematic review and meta-analysis
of 22 published articles, covering a total of 3655 patients.
It aims to offer a comprehensive analysis of various fac-
tors, including demographical characteristics, comorbid-
ities, complications, clinical manifestations, laboratory
results, and long-term prognosis outcomes, that are
associated with mortality in cases of severe pneumonia.
Notably, this study is the first of that sort to provide such
a comprehensive analysis.

Principal findings

The primary finding of our study revealed mortality of
30.3% for severe pneumonia, a rate that is consistent with
the results of previous research [35]. As individuals age,
the immune system experiences a range of alterations,
ultimately resulting in a decreased capacity to effectively
initiate a cellular response to combat infections [36].
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Table 3 Meta-analysis results of two categorical variables
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Variable No. of studies Survivors Non-survivors OR (95% Cl) Meta-analysis P
Total No. with risk Total (non- No. with risk value
(survivors) factor (%) survivors) factor (%)

Demographical characteristics

Male gender 8 501 320 (63.9) 266 181 (68.0) 47(1.07,202)  0.02*
Comorbidities

COPD 7 568 135(23.8) 236 7(24.2) 0.91(0.52, 1.58) 0.73

Hypertension 5 494 194 (39.3) 207 (3 8) 0.78 (0.55,1.10)  0.16

Neoplasm 5 375 17 (4.5) 177 27 (15.3) 3.37(1.07,1057) 0.04*

Diabetes mellitus 11 1223 236 (19.3) 513 97 (18.9) 1.03(0.78,1.35) 085
Complications

Diastolic hypotension 2 131 31(23.7) 107 43 (40.2) 260 (1.45,4.67) 0.001*

Respiratory failure 3 176 23 (13.1) 98 30 (30.6) 137(059,3.18) 047

Acute confusion 2 57 11(19.3) 23 8(34.8) 1.69(0.53,543) 037

Pleural effusion 2 104 31(29.8) 54 18(33.3) 095 (0.14,645) 095

ALI/ARDS 2 129 34 (26.4) 63 39(61.9) 3.63(1.78,7.39) 0.0004*

Bacteremia 3 167 58 (34.7) 67 41(61.2) 0.91 (0,40, 2.05) 0.82

Septic shock 7 509 122 (24.0) 247 181 (73.3) 943 (4.39,20.28)  <0.00001*

MOF 2 182 3(18.1) 69 34 (49.3) 4.34(2.36,7.95) <0.00001*

Acute kidney injury 6 370 8(15.7) 199 60 (30.2) 245(1.14,526)  0.02*

Metabolic acidosis 2 129 (2 8) 79 53(67.1) 5.88(1.51,22.88) 0.01*
Laboratory results

Leukopenia 2 266 19(7.1) 147 27 (184) 263(1.34,5.18)  0.005*

Multilobar or bilateral 6 718 231(32.2) 356 208 (58.4) 3.65(2.70,4.93) <0.00001*
involvement

Bacterial mixed 3 472 38(8.1) 191 40 (20.9) 2.18(0.72,6.55) 0.17
infection

Positive blood 2 89 21(23.6) 63 26 (41.3) 1.84(0.52,6.49) 035
culture

Sputum cont culture 2 742 370 (49.9) 185 105 (56.8) 1.07 (0.76,1.51) 0.70
growth

Gram-negative 2 108 41 (38.0) 51 27 (52.9) 2.56(1.17,5.62) 0.02*
microorganism

Gram-positive micro- 2 108 10(9.3) 51 8(15.7) 1.76 (0.64,4.81) 027
organism

Sodium< 136 mEg/L 2 123 31(25.2) 73 36 (49.3) 2.63(1.34,5.18) 0.005*

Abbreviations: COPD, chronic obstructive pulmonary disease; OR, odds ratio; MOF, multiple organ failure; ALI/ARDS, acute lung injury/acute respiratory distress

syndrome
"P<0.05

Abdelaziz et al.2021

Chien et al.2015
El-Ebiary et al.1997
Fekih et al.2014
Geng et al.2022

Total (95% CI)
Total events

Non-survivors

1

a s a2 bhw

27

41
15
25
60
36

177

Survivors

3 59 25.8%
3 25 21.6%
7 59 16.5%
0 149 11.0%
4 83 25.2%

375 100.0%

17

Heterogeneity: Tau? = 0.86; Chi? = 8.43, df =4 (P = 0.08); I = 53%
Test for overall effect: Z =2.08 (P = 0.04)

Odds Ratio

8.67 [2.28, 32.93]
2.67 [0.51, 14.06]
0.31[0.04, 2.66]
23.81[1.26, 449.44]
3.19[0.80, 12.65]

3.37 [1.07, 10.57]

0,

Odds Ratio
N o
UL Cl
i .
—

1l .

-

0.001 01 1 10 1000

Survivors Non-s|

Fig. 3 Forest plots demonstrating the association between severe pneumonia mortality and the presence of neoplasm

urvivors
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(A) Diastolic hypotension

Non-survivors Survivors Odds Ratio Odds Ratio

M-H. Fixe % Cl M-H. Fix 1
Feldman et al.2001 36 74 29 107 87.0% 2.55[1.37,4.76]
Hirani et al.1997 7 33 2 24 13.0% 2.96 [0.56, 15.75] N
Total (95% CI) 107 131 100.0%  2.60 [1.45, 4.67) <&
Total events 43 31

Heterogeneity: Chiz = 0.03, df = 1 (P = 0.87); 2= 0%

' : : ,
k t t d
Test for overall effect: Z = 3.21 (P = 0.001) 0.001 o1 L 10 1000

Survivors  Non-survivors

(B) Acute lung injury/Acute respiratory distress syndrome (ALI/ARDS)

Non-survivors Survivors Odds Ratio Odds Ratio
. HOE o -H_ Fixed, 95% C

Belkhouja et al.2012 14 33 16 99 60.6% 3.82[1.60, 9.16] L
Sakharov et al.2020 25 30 18 30 39.4% 3.33[1.00, 11.14] L
Total (95% Cl) 63 129 100.0%  3.63[1.78,7.39] -
Total events 39 34 ) ) ) )

ity: i2 = = = - 12 = 0% F T T 1
Heterogeneity: Chi2 = 0.03, df = 1 (P = 0.86); I? = 0% 0.01 01 1 10 100

Test for overall effect: Z = 3.56 (P = 0.0004) Survivors  Non-survivors

(C) Septic shock

Non-survivors Survivors Odds Ratio Odds Ratio

r re Even Total Events Total Weight M-H. Random.95% Cl M-H. Random. 95% CI
Belkhouja et al.2012 14 33 16 99 16.9% 3.82[1.60, 9.16] -
Chien et al.2015 8 15 5 25 12.5% 4.57[1.12,18.73]
El-Ebiary et al.1997 12 25 7 59 14.8% 6.86 [2.25, 20.86] -
Fekih et al.2014 45 60 49 149 18.5% 6.12[3.11, 12.05] -
Geng et al.2022 35 36 24 83 85% 86.04[11.15,664.11] -
Paganin et al.2004 43 48 9 64 14.4% 52.56 [16.41, 168.28] -
Sakharov et al.2020 24 30 12 30 14.5% 6.00 [1.89, 19.04] -
Total (95% ClI) 247 509 100.0% 9.43 [4.39, 20.28] &>
Total events 181 122 )

Heterogeneity: Tau? = 0.71; Chi? = 20.16, df = 6 (P = 0.003); I* = 70%

t t t d
Test for overall effect: Z = 5.75 (P < 0.00001) 0.001 01 1 10 1000

Survivors  Non-survivors

(D) Multiple organ failure (MOF)

Non-survivors Survivors Odds Ratio Odds Ratio
tudy or Subgrou Event: Total Events Total Weight M-H. Fixed.95% Cl M-H, Fixed. 95% C
Belkhouja et al.2012 14 33 16 99  50.2% 3.82[1.60, 9.16] —a
Geng et al.2022 20 36 17 83 49.8%  4.85[2.08, 11.31] ——
Total (95% CI) 69 182 100.0% 4.34[2.36, 7.95] <>
Total events 34 33

Heterogeneity: Chiz = 0.15, df =1 (P = 0.70); 1= 0%

' : : ),
k t t t d
Test for overall effect: Z = 4.74 (P < 0.00001) 0.001 04 ! 10 1000

Survivors  Non-survivors

(E) Acute kidney injury
Non-survivors Survivors Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H. Random.95% Cl M-H. Random. 95% CI
El-Ebiary et al.1997 9 25 11 59 20.8% 2.4510.86, 6.99] T
Fekih et al.2014 7 60 7 149 20.1% 2.681[0.90, 8.00] ™
Ong et al.2009 4 5 2 3 48% 2.00[0.08, 51.59] —
Paganin et al.2004 2 48 8 64 13.7% 0.30 [0.06, 1.50] - |
Sakharov et al.2020 17 30 4 30 17.5% 8.50 [2.37, 30.47] -
Wilson et al.2005 21 31 26 65 23.1% 3.15[1.28, 7.76] -
Total (95% CI) 199 370 100.0% 2.45[1.14, 5.26] >
Total events 60 58
Heterogeneity: Tau? = 0.45; Chi? = 10.50, df = 5 (P = 0.06); I> = 52% ’0 07 051 : 150 1000’

Test for overall effect: Z=2.29 (P = 0.02) Survivors Non-survivors

(F) Metabolic acidosis
Non-survivors Survivors Odds Ratio Odds Ratio
6 o i 959

o Rando

grou n a eigh
Paganin et al.2004 13 64  49.9% 11.77 [4.82, 28.75]

(R

Wilson et al.2005 17 31 19 65 50.1% 2.94[1.21,7.13]
Total (95% CI) 79 129 100.0% 5.88 [1.51, 22.88]
Total events 53 32

Heterogeneity: Tau? = 0.76; Chi? = 4.67, df = 1 (P = 0.03); I> = 79%

' ' ' ),
Test for overall effect: Z = 2.55 (P = 0.01) 0.001 01 1 10 1000

Survivors  Non-survivors
Fig. 4 Forest plots demonstrating the association between severe pneumonia mortality and the presence of diastolic hypotension (A), acute lung

injury/acute respiratory distress syndrome (B), septic shock (C), multiple organ failure (D), acute kidney injury (E), and metabolic acidosis (F)
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(A) C-reactive protein (CRP)

Non-survivors Survivors Mean Difference Mean Difference
Chien et al.2015 193 105 15 163 133 25 12.0% 30.00 [-44.44, 104.44] |
Lee etal.2010 180 18 57 130 14 55 448%  50.00 [44.04,55.96] L]
ZhangCetal2023 3366 3617 45 1728 1038 107 431%  16.38(563,27.13] -
Total (95% CI) 117 187 100.0%  33.09 [3.01, 63.18] >
Heterogeneity: Tau? = 516.32; Chit = 28.84, df =2 (P < 0.00001); I = 93% » .
Test for overall effect: Z = 2.16 (P = 0.03) 200 S'l?:,wm Nan;‘?r?,‘varszuo
(B) Leukopenia
Non-survivors  Survivors 0dds Ratio Odds Ratio
-H_ Fi. o -H, Fixed, 95% C
El-Ebiary et al.1997 6 25 3 59 131%  5.89[1.34,25.90] e —
Paganin et al.2004 30 48 28 64 869%  2.14[1.00,4561] il
Total (95% CI) 73 123 100.0%  2.63[1.34,5.18] -
Total events 36 31
Heterogeneity: Chi = 1.42, df = 1 (P = 0.23); I = 29%
Test for overall effect: Z = 2.81 (P = 0.005) oot o1 Sumvms‘ Nonrsurvnjz?rs 100
©) il or bilateral i
Non-survivors  Survivors 0dds Ratio Odds Ratio
Study or Subaroup _ Events _ Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Belkhouja et al 2012 23 33 4199 137%  3.25[1.40,7.56] —
Feldman et al.2001 59 71 64 102 19.6%  2.92[139,6.11] —
Hirani et al 1997 10 33 6 24 107%  1.30[0.40,4.27) -
Paganin et al.2004 15 48 8 64 104%  3.18[122,831] -
Pallares et al.1995 73 140 67 364 39.3%  4.83[3.16,7.38] -
Wilson et al.2005 28 31 45 65 62% 4.15[1.13,15.25] —
Total (95% CI) 356 718 100.0%  3.65([2.70,4.93] *
Total events 208 231
Heterogeneity: Chi* = 5.1, df = 5 (P = 0.40); I = 2%
Test for overall effect: Z = 8.44 (P < 0.00001) 0001 gﬁlwmg Non_sl?wm 1000
(D) Gram-negative microorganism
Non-survivors  Survivors 0dds Ratio 0dds Ratio
Chien et al.2015 1 15 2 25 176%  082[0.07,991] T
Geng et al.2022 26 36 39 83 824%  2.93[1.26,6.84] -
Total (95% CI) 51 108 100.0%  2.56[1.17,5.62] -
Total events 27 41
Heterogeneity: Chi = 0.90, df = 1 (P = 0.34); I = 0%
Test for overall effect: Z = 2.34 (P = 0.02) 0.001 so‘;:\/ivms ! NWSL?V]VD,S 1000
(E) Serum creatinine (Scr)
Non-survivors Survivors Mean Difference Mean Difference
Abdelaziz et al.2021 191 146 a“ 145 167 59  11.1% 46.00 [-15.75, 107.75] ™
Belkhouja et al.2012 161.3 104.3 33 1093 87.6 99 27.0%  52.00[12.45,91.55] ™
Chien et al 2015 1768 1768 15 1326 884 25 46% 4420(5175,140.15] T
Sikka et al.2000 177.68 9547 57 96.36 38.9 47 57.3% 81.32[54.15, 108.49] [ ]
Total (95% CI) 146 230 100.0% 67.77 [47.21, 88.34] +
Heterogeneity: Chi* = 2.28, df = 3 (P = 0.52); = 0%
Test for overall effect: Z = 6.46 (P < 0.00001) 500 'gi%w ors N Qn_siffw ors 500
(F) Blood urea nitrogen (BUN)
Non-survivors Survivors Mean Difference Mean Difference
Abdelaziz et al.2021 17 10 41 " 8 59 31.2% 6.00 [2.32, 9.68] -
Chien et al.2015 1225 8.19 15 99 591 25 278% 2.35[-2.40,7.10] T
Potgieter et al.1996 16.21 10.42 12 13.24 14.88 46 20.2% 2.97[-4.33,10.27] ™
Sikka et al.2000 4457 2131 67 2051 1533 47 208%  1506[8.00,22.12] -
Total (95% CI) 125 177 100.0%  6.26 [1.49, 11.03] .
Heterogeneity: Tau = 15.44; Chi = 9.23, df = 3 (P = 0.03); I = 67%
Test for overall effect: Z = 2.57 (P = 0.01) -100 'EOSUNWS N on.swéz,s 100
(G) Albumin
Non-survivors Survivors Mean Difference Mean Diff
o m, 95% C!
Chien et al. 2015 26 6 15 33 5 25 17.3% -7.00(-1061,-3.39) -
Pougieter etal.1996 2278 46 12 27.98 638 46 200%  -520(-8.39,-201] -
Sikka et al.2000 294 44 57 317 85 47 238%  -230(4.99,0.39) bl
ZhangCetal2023 281 342 45 342 204 107 390%  -6.10[7.17,-5.03] L]
Total (95% CI) 129 225 100.0%  -5.17 [-7.09, -3.25] ‘
Heterogeneity: Tau* = 2.16; Chi* = 7.27, df = 3 (P = 0.06); I* = 59%
Test for overall effect: Z = 5.28 (P < 0.00001) 50 'ZZWWS Non_swffms %0
(H) PaOYFiO:
Non-survivors Survivors Mean Difference Mean Difference
Bekhovjaetal2012 184 869 33 2621 759 99 23% -78.10[-11131,-4489) e
Chien et al 2015 1769 1264 15 2009 1093 25 04% -24.00 10086, 52.86] —
Fekih et al.2014 152 109 60 201 102 149 25% -49.00 [-81.08,-16.92] —r
Polgieter et al.1996 201 2003 11 189 1046 48  02% 1200(-115.18,139.18) A
ZhangCetal2023 14272 1376 45 197.62 17.39 107 946% -54.90(-60.10,-49.70) |
Total (95% CI) 428 100.0% -55.05 [-60.11, -50.00) +
Heterogeneity: Chi* = 3.69, df = 4 (P = 0.45); I = 0%
Test for overall effect: Z = 21.34 (P < 0.00001) o Novsuntvors
(I) Arterial blood PH
Non-survivors Survivors Moan Difference Mean Difference
Belkhoujaetal2012  7.28 0.14 7.37 012 99 955% -0.09[-0.14,-0.04]
Powgieter etal.1996 723 041 11 7.39 013 48 45% -0.16(-0.41,009] =1
Total (95% C1) 44 147 100.0% -0.09 [0.15, 0.04] .
Heterogeneity: Chi” = 0.30, df = 1 (P = 0.58); I = 0% £ o8 o8 t
Test for overall effect: Z = 3.51 (P = 0.0005) Survivors Non-survivors
(@) Sodium<136 mEq/L
Non-survivors  Survivors 0dds Ratio 0dds Ratio
- Y X d, 95% C!
El-Ebiary et al.1997 6 25 3 59 131%  589(1.34,25.90) =
Paganin et al. 2004 30 48 28 64 869%  2.14[1.00,4561) il
Total (95% CI) 7 123 100.0%  2.63[1.34,5.18] >
Total events 36 31
Heterogeneity: Chi? = 1.42, df = 1 (P = 0.23); I = 20% Toz o : e

Test for overall effect: Z = 2.81 (P = 0.005)

10
Survivors Non-survivors

Fig. 5 Forest plots demonstrating the association between severe pneumonia mortality and the presence of C-reactive protein (A), leukopenia (B),
multilobar or bilateral involvement (C), gram-negative microorganism (D), serum creatinine (E), blood urea nitrogen (F), albumin (G), PaO,/FiO, (H
arterial blood PH (1), and sodium < 136 mEq/L (J)
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Table 4 Subgroup analysis for the association between age and mortality risk of severe pneumonia

Subgroup variables No. of studies OR (95% Cl) Measure of heterogeneity
P P

Geographic region 5.30(2.96, 7.65) <0.00001 0.92
Africa 3 8.75(3.13,14.38) 0.002 0.62
Asia 6 2.92(0.51,5.33) 0.02 0.88
Europe 2 743 (4.82,10.04) <0.00001 0.56
North America 2 4.69 (-0.89,10.27) 0.10 045
Study design 6.36 (341,9.31) <0.0001 0.96
Retrospective 8 7.00(2.52,11.47) 0.0002 0.58
Prospective 6 542 (2.47,837) 0.003 093
ICU admission 6.36 (3.41,9.31) <0.0001 0.73
ICU 5.86 (1.20,10.51) <0.0001 0.96
Not ICU 8 6.80 (340, 10.21) 0.01 0.93
Sex ratio (male/female) 2(3.10,9.15) <0.0001 0.93
<2 7 7.21(2.62,11.80) 0.002 0.83
>2 7 0(0.75,9.45) 0.02 0.96
Sample size 2(3.10,9.15) <0.0001 093
<100 5 5.79(043,11.15) 0.03 0.80
100~200 8.37(5.09,11.65) <0.00001 0.70
>200 4 (—042,7.03) 0.08 0.86

Polymorphonuclear leukocytes in the elderly exhibit
weakened chemotactic capacity, as well as lower microbe
uptake, and antigen processing ability of macrophages
[37]. Similarly, our findings revealed a substantial con-
nection between old age and severe pneumonia mortal-
ity, which in accordance with previous research [38]. One
probable explanation could be age-related chronic medi-
cal issues and/or a reduced immune level [39]. Our meta-
analysis additionally showed that male gender appeared
to be a risk factor for severe pneumonia mortality. Sex
differences in the adaptive and innate immune systems
have already been identified, which may account for the
women’s advantage in severe pneumonia [40, 41]. In the
adaptive immune system, men have fewer CD8+T cells
[42], fewer CD4+T cells [43], and less B cell generation
than women [43].

Severe pneumonia is a severe respiratory disease
accompanied by other comorbidities or complications
in the field of clinical care. Based on our comprehen-
sive analysis, it was found that several factors, namely
diastolic hypotension, ALI/ARDS, septic shock, MOF,
acute kidney injury, and metabolic acidosis, as well as
the comorbidity of neoplasm, were identified as major
risk factors associated with death in individuals with
severe pneumonia. The assessment and administration
of intravascular volume status hold significant impor-
tance in critically ill individuals. Hypotension is fre-
quently attributed to low blood volume resulting from

either bleeding or fluid transfer during systemic inflam-
mation [44]. Additionally, the study we did revealed a
significant correlation between diastolic hypotension
and mortality resulting from severe pneumonia. Immu-
nity runs through the development of neoplasm [45],
as is the occurrence of severe pneumonia. Moreover,
severe pneumonia often presents with pulmonary and
extra-pulmonary consequences, such as ALI/ARDS,
septic shock, and MOF. The primary pathophysiologi-
cal characteristic of ALI/ARDS is the presence of an
inflammatory storm. A growing number of evidence
indicates that immune cells and the cytokines they gen-
erate play a crucial role in the pathophysiology of ALI/
ARDS [39]. This could perhaps explain the increased
mortality observed in individuals with severe pneumo-
nia who also present with ALI/ARDS. In addition, a ret-
rospective clinical investigation using a sample size of
710 patients indicated that the mortality rate for those
with severe pneumonia and septic shock was greater
compared to those without septic shock [46]. This is
not unexpected considering that shock is an accepted
main severity criterion for community-acquired pneu-
monia (CAP) and is associated with clinical failure
[47]. MOF is a pathological condition resulting from
an imbalanced inflammatory response, and it is the
primary cause of death in critically patients [48]. This
observation supports our discovery that the presence
of MOF significantly enhances the risk of mortality



Page 12 of 16

(2024) 13:210

Xie et al. Systematic Reviews

[e€]
6 | L ! ! ! } ! ! L ey bueyz
6 L | L l l ! | L L [z€l e s buso
6 L L L L L L L L L [1€]7e3s buas]
[o€]
6 | L L l l l L L L el zizelepqy
[67]
8 | L | l 0 L L L L e 1o Aoleyyes
6 L | | L l L l L L [87] eI usIyD
6 l L L L L L L L L [Zdd e ypied
[od
8 L L L ! 0 L L | I 212 sabiosn
[sal
8 ! l ﬁ l 0 L L ! L e 39 elnoyyiag
8 L l L L 0 | L L | [rdelsenyd
§ L L L L L L L L L [€7] 19997
6 L L l L L L L l L [z e buo
[1ad
L L L L 0 0 L L L L eI A950|N0d
[0zl
6 L L L L L L L l L ‘e 19 UOS|IM
61
8 | l | L 0 ! ! l L je3s uuebeq
81l
8 L L L L 0 l L l L e3s uewple4
8 L L L L 0 l L L I VAR R=R RV ]I
8 L L L L 0 L l L L [91]e1s luely
[St]
8 L L L L 0 l L L L ‘1812 Aleig3-3
[vl]
8 | | | | 0 L L l L 21321916104
(€1l
3 l | | l 0 L l l l ‘|e 1o saJe|jed

(s3)qerea

710}

pa]|013u0d)

dn-mojjojjo (1eak | Jueipaw) 5101.) YSu pEH 1els
(sseua19|dwod) dn-moj|o} awodino J9Y30 uo pue abe 10} 1e Juasaid ainsodxajo  pasodxa-uou
A>enbapy ybnous buo] jojuswssassy Aujiqesedwod [0s1u0d ApN)}S 10U BWODINQ  JUSWIUIRLIDISY JO UOIDD|DS  ssaudAneIUBSAIdRY

leroL (€) dwodno (2) fupgesedwod () uond3|RS Apms

3]22S MBI —3]ISEOMIN YIIM SIPNIS 2(q1B112 aY3 JO 1USWISSIsse AljenD § ajqel



(2024) 13:210 Page 13 of 16

Xie et al. Systematic Reviews

€]
6 L L L L L L L ! L e D bueyz
(so]qelea
7340}
pajjo11u0d)
dn-mojjo3j0 (4eaf | S ueipaw) 510308} YsU Xas uels
(ssau@19|dwod) dn-mojjoy awod1no 19Y10 uo pue abe 10} 1e juasaid ainsodxa jo  pasodxa-uou
Aoenbaspy ybnous buo7 jojusawssassy Aujiqesedwod josjuod ApNiS  JOUBWODINQ JUSWUIEMIIDSY  JO UOIDSISS  SsaudAljejussalday
|eloy (€) @womnQ () Ajiqesedwod () uondajes Apms

(penunuod) g ajqer



Xie et al. Systematic Reviews (2024) 13:210

due to severe pneumonia. Acute inflammation has
been observed to negatively affect endothelial func-
tioning, resulting in an imbalance between vasodila-
tory and vasoconstrictive processes. This imbalance
has the potential to contribute to the development of
MOF [49]. Similarly, our study revealed that individu-
als affect with severe pneumonia in combination with
neoplasm exhibited a higher incidence of mortality.
Numerous investigations have indicated the existence
of a complex interaction between the pulmonary and
renal systems [50]. The lung and kidney are vital organs
responsible for maintaining acid—base balance and fluid
balance. Consequently, any damage to the kidney can
significantly impact the lung by disrupting the normal
balance of acid—base levels and fluid distribution. Fur-
thermore, the kidney can also contribute to the devel-
opment and regulation of lung diseases through the
production or clearance of mediators. This interplay
between the lung and kidney underscores their interde-
pendence and mutual influence on overall physiologi-
cal function [51]. According to a study, it was shown
that patients who experienced both acute renal damage
and pneumonia exhibited a higher possibility of mor-
tality compared to individuals who either had acute
kidney injury or pneumonia separately [52]. Our study
also showed that the existence of acute kidney damage
was identified as risk factor for increased mortality in
severe pneumonia cases. This link may be attributed to
the correlation between the lung microbiota of patients
with severe pneumonia and the occurrence of kidney
injury [53]. Due to the inherent characteristics of criti-
cal disease, patients admitted to the intensive care unit
(ICU) may experience a range of acid—base variations.
Sepsis, renal failure, and impaired respiratory func-
tion all disrupt the body’s capacity to regulate pH lev-
els and sustain homeostasis. Increased mortality rates
have been observed in relation to alterations in blood
pH levels [54]. Not surprisingly, individuals with severe
pneumonia who also exhibited metabolic acidosis expe-
rience a greater death rate.

The ability to classify patients at an earlier stage of
the illness process could be of great value for promot-
ing earlier referrals and potentially enhancing patient
outcomes. This, in turn, has implications for decision-
making at the individual, provider, and system levels
[55]. To this end, we included laboratory results in our
analysis. Various inflammatory factors produced by the
inflammatory storm can cause systemic immune dam-
age in severe pneumonia patients [56]. In the current
study, it was revealed that individuals belonging to the
non-survival group exhibited a higher tendency of CRP
levels and leukopenia. Furthermore, it was observed that
non-survivors exhibited electrolyte disruption, as well as
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impaired kidney and liver function, upon admission, as
indicated by the levels of albumin, Scr, BUN, and sodium,
in comparison to survivors. Mortality was observed to
have a correlation with reduced PaO,/FiO, and arterial
blood pH levels, indicating a potential presence of res-
piratory failure and acid-base imbalance among these
severe pneumonia individuals. The presence of a large
concentration of gram-negative microorganisms and
multilobar or bilateral involvement have been found to be
strongly associated with a higher risk of mortality. Over-
all, these findings indicate that conducting an initial labo-
ratory evaluation is crucial for categorizing the risk level
of patients with severe pneumonia. Patients who exhibit
indicators of end-organ dysfunction, inflammation, res-
piratory dysfunction, or acid—base imbalance are more
likely to experience an unfavorable outcome.

It is noteworthy to acknowledge that our study revealed
the absence of significant correlation between the indi-
cators and manifestations of respiratory rate, heart rate,
body temperature, MAP, urine output, as well as the
length of hospital stay and ICU stay, and the mortality
rate among individuals diagnosed with severe pneumonia.

Limitations

Despite the inclusion of pooled estimates from 22 stud-
ies conducted in 12 different geographical regions, our
study is subject to several limitations. First, a notable
degree of variety is observed. The observed phenomenon
may be ascribed to the substantial disparity in sample
sizes between research, ranging from 8 to 815 patients,
as well as the variation in study methodologies. Second,
it should be noted that many studies incorporated into
the analysis had a limited sample size, perhaps hindering
the ability to identify any important variables that con-
tribute to mortality rates in cases of severe pneumonia.
Third, there existed considerable heterogeneity among
factors that exhibit statistically significant associations
with mortality outcomes of severe pneumonia. These
factors comprise age, septic shock, acute kidney injury,
metabolic acidosis, neoplasm, BUN, CRP, and albumin.
Though, a heterogeneity analysis was performed in an
effort to identify the source of heterogeneity, as a result
of the small number of studies and the limitations associ-
ated with acquiring data from the primary study, we were
unable to completely interpret in some indicators. Thus,
further high-quality research is required to confirm our
results. Fourth, all of the included studies were non-ran-
domized controlled trials, and there could be a number
of confounding factors likely remained that affecting the
external validity of the findings. Thus, further analyses
with studies considering more confounder effects and
more publications included would be necessary. In addi-
tion to the indicators presented in our systematic review,
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future studies ought to probe into more factors that may
influence mortality of severe pneumonia. Fifth, although
we conducted as thorough and systematic search of pub-
lished literature as possible, the studies that met the eligi-
bility criteria only covered 12 countries, with Asia being
the largest region, so we must admit that the study popu-
lation representation of our results may be underrepre-
sented, and that it is applicable in different regions of the
world needs to be verified by further trials. Ultimately,
the number of literatures related to severe pneumonia
is continuously expanding, with new information and
research articles being published on a daily basis. Con-
sequently, it is important to acknowledge that our study
does not provide a comprehensive analysis of the topic.

Conclusion

Our study revealed consistent and statistically significant
associations between various factors and the fatal out-
come of severe pneumonia. These factors include male
gender, older age, the comorbidity of neoplasm, compli-
cations including diastolic hypotension, ALI/ARDS, sep-
tic shock, MOF, acute kidney injury, metabolic acidosis,
and laboratory results including Scr, BUN, CRP, leuko-
penia, sodium, albumin, PaO,/FiO,, arterial blood PH,
gram-negative microorganism, and multilobar or bilat-
eral involvement. In order to decrease the risk of mortal-
ity of patients with severe pneumonia, it is essential to
systematically develop and conduct public health pro-
grams specifically targeting those who are at risk.
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