
World Journal of
Clinical Cases

ISSN 2307-8960 (online)

World J Clin Cases  2022 April 26; 10(12): 3639-3968

Published by Baishideng Publishing Group Inc



WJCC https://www.wjgnet.com I April 26, 2022 Volume 10 Issue 12

World Journal of 

Clinical CasesW J C C
Contents Thrice Monthly Volume 10 Number 12 April 26, 2022

EVIDENCE REVIEW

Tilt and decentration with various intraocular lenses: A narrative review3639

Chen XY, Wang YC, Zhao TY, Wang ZZ, Wang W

REVIEW

Role of zonula occludens in gastrointestinal and liver cancers3647

Ram AK, Vairappan B

MINIREVIEWS

Pathophysiological mechanisms of hepatic stellate cells activation in liver fibrosis 3662

Garbuzenko DV

ORIGINAL ARTICLE

Retrospective Cohort Study

Predictors of unfavorable outcome at 90 days in basilar artery occlusion patients3677

Chiu YC, Yang JL, Wang WC, Huang HY, Chen WL, Yen PS, Tseng YL, Chen HH, Tsai ST

Retrospective Study

Role of multidetector computed tomography in patients with acute infectious colitis3686

Yu SJ, Heo JH, Choi EJ, Kim JH, Lee HS, Kim SY, Lim JH

Efficacy and prognostic factors of neoadjuvant chemotherapy for triple-negative breast cancer3698

Ding F, Chen RY, Hou J, Guo J, Dong TY

Relationship between subgroups of central and lateral lymph node metastasis in clinically node-negative 
papillary thyroid carcinoma

3709

Zhou J, Li DX, Gao H, Su XL

Nomogram to predict postoperative complications in elderly with total hip replacement3720

Tan XJ, Gu XX, Ge FM, Li ZY, Zhang LQ

Flap failure prediction in microvascular tissue reconstruction using machine learning algorithms3729

Shi YC, Li J, Li SJ, Li ZP, Zhang HJ, Wu ZY, Wu ZY

Observational Study

Surgery in platinum-resistant recurrent epithelial ovarian carcinoma3739

Zhao LQ, Gao W, Zhang P, Zhang YL, Fang CY, Shou HF



WJCC https://www.wjgnet.com II April 26, 2022 Volume 10 Issue 12

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 10 Number 12 April 26, 2022

Anorectal dysfunction in patients with mid-low rectal cancer after surgery: A pilot study with three-
dimensional high-resolution manometry

3754

Pi YN, Xiao Y, Wang ZF, Lin GL, Qiu HZ, Fang XC

Randomized Controlled Trial

Effect of wrist-ankle acupuncture on propofol dosage during painless colonoscopy: A randomized 
controlled prospective study

3764

He T, Liu C, Lu ZX, Kong LL, Li Y, Xu Z, Dong YJ, Hao W

META-ANALYSIS

Melatonin intervention to prevent delirium in hospitalized patients: A meta-analysis3773

You W, Fan XY, Lei C, Nie CC, Chen Y, Wang XL

Risk factors for hospital readmissions in pneumonia patients: A systematic review and meta-analysis3787

Fang YY, Ni JC, Wang Y, Yu JH, Fu LL

CASE REPORT

Anti-programmed death 1 antibody in the treatment of coexistent Mycobacterium fortuitum and lung 
cancer: A case report

3801

Zhang CC, Chen P

Acute pancreatitis-induced thrombotic thrombocytopenic purpura: A case report3808

Wang CH, Jin HF, Liu WG, Guo Y, Liu Z

Successful management of life-threatening aortoesophageal fistula: A case report and review of the 
literature

3814

Zhong XQ, Li GX

Isolated coagulopathy without classic CRAB symptoms as the initial manifestation of multiple myeloma: A 
case report

3822

Zhang Y, Xu F, Wen JJ, Shi L, Zhou QL

Evaluation of intracoronary function after reduction of ventricular rate by esmolol in severe stenotic 
myocardial bridge: A case report

3828

Sun LJ, Yan DG, Huang SW

Pediatric living donor liver transplantation using liver allograft after ex vivo backtable resection of 
hemangioma: A case report

3834

Li SX, Tang HN, Lv GY, Chen X

Kimura's disease in soft palate with clinical and histopathological presentation: A case report3842

Li W

Combined targeted therapy and immunotherapy in anaplastic thyroid carcinoma with distant metastasis: 
A case report

3849

Ma DX, Ding XP, Zhang C, Shi P



WJCC https://www.wjgnet.com III April 26, 2022 Volume 10 Issue 12

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 10 Number 12 April 26, 2022

Successful multimodality treatment of metastatic gallbladder cancer: A case report and review of literature3856

Zhang B, Li S, Liu ZY, Peiris KGK, Song LF, Liu MC, Luo P, Shang D, Bi W

Ischemic colitis after receiving the second dose of a COVID-19 inactivated vaccine: A case report3866

Cui MH, Hou XL, Liu JY

Cryoballoon pulmonary vein isolation and left atrial appendage occlusion prior to atrial septal defect 
closure: A case report

3872

Wu YC, Wang MX, Chen GC, Ruan ZB, Zhang QQ

Surgical treatment for a combined anterior cruciate ligament and posterior cruciate ligament avulsion 
fracture: A case report

3879

Yoshida K, Hakozaki M, Kobayashi H, Kimura M, Konno S

Successful robot-assisted partial nephrectomy for giant renal hilum angiomyolipoma through the 
retroperitoneal approach: A case report

3886

Luo SH, Zeng QS, Chen JX, Huang B, Wang ZR, Li WJ, Yang Y, Chen LW

Cryptococcal antigen testing of lung tissue homogenate improves pulmonary cryptococcosis diagnosis: 
Two case reports

3893

Wang WY, Zheng YL, Jiang LB

Combined use of extracorporeal membrane oxygenation with interventional surgery for acute pancreatitis 
with pulmonary embolism: A case report

3899

Yan LL, Jin XX, Yan XD, Peng JB, Li ZY, He BL

Dynamic navigation system-guided trans-inferior alveolar nerve implant placement in the atrophic 
posterior mandible: A case report

3907

Chen LW, Zhao XE, Yan Q, Xia HB, Sun Q

Anti-glomerular basement membrane disease with IgA nephropathy: A case report3916

Guo C, Ye M, Li S, Zhu TT, Rao XR

Amniotic membrane transplantation in a patient with impending perforated corneal ulcer caused by 
Streptococcus mitis: A case report and review of literature

3923

Hsiao FC, Meir YJJ, Yeh LK, Tan HY, Hsiao CH, Ma DHK, Wu WC, Chen HC

Steriod for Autoimmune pancreatitis complicating by gastric varices: A case report3930

Hao NB, Li X, Hu WW, Zhang D, Xie J, Wang XL, Li CZ

Antithrombotic treatment strategy for patients with coronary artery ectasia and acute myocardial 
infarction: A case report

3936

Liu RF, Gao XY, Liang SW, Zhao HQ

Mesh plug erosion into the small intestine after inguinal hernia repair: A case report 3944

Xie TH, Wang Q, Ha SN, Cheng SJ, Niu Z, Ren XX, Sun Q, Jin XS

Recurrence of infectious mononucleosis in adults after remission for 3 years: A case report3951

Zhang XY, Teng QB



WJCC https://www.wjgnet.com IX April 26, 2022 Volume 10 Issue 12

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 10 Number 12 April 26, 2022

Vertical direction impaction of kissing molars: A case report 3959

Wen C, Jiang R, Zhang ZQ, Lei B, Yan YZ, Zhong YQ, Tang L

LETTER TO THE EDITOR

Comment on “Outcomes of different minimally invasive surgical treatments for vertebral compression 
fractures: An observational study”

3966

Ma L, Luo ZW, Sun YY



WJCC https://www.wjgnet.com X April 26, 2022 Volume 10 Issue 12

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 10 Number 12 April 26, 2022

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Potluri Leela Ravishankar, MDS, Professor, Department 
of Periodontics, SRM Kattankulathur Dental College and Hospital, SRM University, Chennai 603203, Tamil Nadu, 
India. plrs6@yahoo.com

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World J Clin Cases) is to provide scholars and readers from 
various fields of clinical medicine with a platform to publish high-quality clinical research articles and 
communicate their research findings online.  
      WJCC mainly publishes articles reporting research results and findings obtained in the field of clinical medicine 
and covering a wide range of topics, including case control studies, retrospective cohort studies, retrospective 
studies, clinical trials studies, observational studies, prospective studies, randomized controlled trials, randomized 
clinical trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now indexed in Science Citation Index Expanded (also known as SciSearch®), Journal Citation 
Reports/Science Edition, Scopus, PubMed, and PubMed Central. The 2021 Edition of Journal Citation Reports® 
cites the 2020 impact factor (IF) for WJCC as 1.337; IF without journal self cites: 1.301; 5-year IF: 1.742; Journal 
Citation Indicator: 0.33; Ranking: 119 among 169 journals in medicine, general and internal; and Quartile category: 
Q3. The WJCC's CiteScore for 2020 is 0.8 and Scopus CiteScore rank 2020: General Medicine is 493/793.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Ying-Yi Yuan; Production Department Director: Xu Guo; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Cases https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2307-8960 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

April 16, 2013 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Thrice Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Bao-Gan Peng, Jerzy Tadeusz Chudek, George Kontogeorgos, Maurizio Serati, Ja 
Hyeon Ku

https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/2307-8960/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

April 26, 2022 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2022 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2022 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2307-8960/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJCC https://www.wjgnet.com 3787 April 26, 2022 Volume 10 Issue 12

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2022 April 26; 10(12): 3787-3800

DOI: 10.12998/wjcc.v10.i12.3787 ISSN 2307-8960 (online)

META-ANALYSIS

Risk factors for hospital readmissions in pneumonia patients: A 
systematic review and meta-analysis

Yuan-Yuan Fang, Jian-Chao Ni, Yin Wang, Jian-Hong Yu, Ling-Ling Fu

Specialty type: Medicine, research 
and experimental

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): A 
Grade B (Very good): 0 
Grade C (Good): C, C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Rakhshan V, Iran; 
Swai J, Canada

Received: November 16, 2021 
Peer-review started: November 16, 
2021 
First decision: January 11, 2022 
Revised: January 25, 2022 
Accepted: March 16, 2022 
Article in press: March 16, 2022 
Published online: April 26, 2022

Yuan-Yuan Fang, Jian-Chao Ni, Jian-Hong Yu, Department of Geriatrics, Affiliated Hospital of 
Shaoxing University, Shaoxing 312000, Zhejiang Province, China

Yin Wang, Department of Internal Medicine, Yuecheng People’s Hospital, Shaoxing 312000, 
Zhejiang Province, China

Ling-Ling Fu, Department of Respiratory Medicine, Zhuji Affiliated Hospital of Shaoxing 
University, Zhuji 311800, Zhejiang Province, China

Corresponding author: Ling-Ling Fu, MD, Chief Doctor, Department of Respiratory Medicine, 
Zhuji Affiliated Hospital of Shaoxing University, No. 9 Jianmin Road, Zhuji 311800, Zhejiang 
Province, China. fu198609262021@sina.com

Abstract
BACKGROUND 
Factors that are associated with the short-term rehospitalization have been invest-
igated previously in numerous studies. However, the majority of these studies 
have not produced any conclusive results because of their smaller sample sizes, 
differences in the definition of pneumonia, joint pooling of the in-hospital and 
post-discharge deaths and lower generalizability.

AIM 
To estimate the effect of various risk factors on the rate of hospital readmissions in 
patients with pneumonia.

METHODS 
Systematic search was conducted in PubMed Central, EMBASE, MEDLINE, 
Cochrane library, ScienceDirect and Google Scholar databases and search engines 
from inception until July 2021. We used the Newcastle Ottawa (NO) scale to 
assess the quality of published studies. A meta-analysis was carried out with 
random-effects model and reported pooled odds ratio (OR) with 95% confidence 
interval (CI).

RESULTS 
In total, 17 studies with over 3 million participants were included. Majority of the 
studies had good to satisfactory quality as per NO scale. Male gender (pooled OR 
= 1.22; 95%CI: 1.16-1.27), cancer (pooled OR = 1.94; 95%CI: 1.61-2.34), heart failure 
(pooled OR = 1.28; 95%CI: 1.20-1.37), chronic respiratory disease (pooled OR = 
1.37; 95%CI: 1.19-1.58), chronic kidney disease (pooled OR = 1.38; 95%CI: 1.23-

https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v10.i12.3787
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1.54) and diabetes mellitus (pooled OR = 1.18; 95%CI: 1.08-1.28) had statistically significant 
association with the hospital readmission rate among pneumonia patients. Sensitivity analysis 
showed that there was no significant variation in the magnitude or direction of outcome, 
indicating lack of influence of a single study on the overall pooled estimate.

CONCLUSION 
Male gender and specific chronic comorbid conditions were found to be significant risk factors for 
hospital readmission among pneumonia patients. These results may allow clinicians and policy-
makers to develop better intervention strategies for the patients.

Key Words: Hospital readmission; Meta-analysis; Pneumonia; Prediction; Systematic review

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The main goal of this review is to estimate the effect of various risk factors on the rate of 
hospital readmissions in patients with pneumonia. In total, 17 studies with over 3 million participants were 
included. Most studies had good to satisfactory quality. Male gender and specific chronic comorbid 
conditions were found to be significant risk factors for hospital readmission among pneumonia patients. 
These results may allow clinicians and policymakers to develop better intervention strategies for the 
patients.

Citation: Fang YY, Ni JC, Wang Y, Yu JH, Fu LL. Risk factors for hospital readmissions in pneumonia patients: A 
systematic review and meta-analysis. World J Clin Cases 2022; 10(12): 3787-3800
URL: https://www.wjgnet.com/2307-8960/full/v10/i12/3787.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i12.3787

INTRODUCTION
The burden and incidence of acute infectious diseases, such as pneumonia, that have traditionally led to 
hospital admissions are expected to rise over the next few decades, mainly due to the increase in the 
population aged above 80 years[1,2]. Older patients with pneumonia often require hospital admissions
[3]. The short-term rehospitalization and mortality rates are also found to be higher amongst those who 
survive the initial admission[3]. Most elderly patients require special attention from health care profes-
sionals after discharge to reduce short-term rehospitalization and mortality rates.

Studies also show higher short-term rehospitalization and mortality rates in pneumonia patients, 
with 12% to 22% of the patients readmitted within 30 d after initial hospitalisation for pneumonia[3-5]. 
Recent reports also show that rehospitalizations are associated with the increased risk of iatrogenic 
complications, resulting in additional financial burden on the health care system[6-8]. As a results of the 
general trend of having short hospital stays, the main responsibility of caring for older pneumonia 
patients after the discharge falls on the primary health care providers[9].

Yet, there is still a limited knowledge of how to identify the pneumonia patients who are at higher 
risk of having short-term rehospitalization following discharge[10-12]. Such knowledge is urgently 
required to ensure that the health care attention has been specifically given to the patients with the 
highest level of needs. Numerous studies attempted to investigate factors that are associated with the 
short-term rehospitalization[13-15]. However, the majority of these studies were inconclusive due to 
small sample sizes, differences in the definition of pneumonia, joint pooling of the in-hospital and post-
discharge deaths and lower generalizability[16-18].

To the best of our knowledge, there has been no systematic effort to pool data on the risk factors for 
hospital readmissions in patients with pneumonia. The purpose of the present review is to pool data 
from individual studies to identify risk factors for hospital readmissions in patients with pneumonia.

MATERIALS AND METHODS
Design and registration
The protocol of the current systematic review and meta-analysis of observational studies was registered 
in PROSPERO under the registration number (CRD42021260284). “Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) statement 2020” was utilized for reporting this 
systematic review incorporating the meta-analyses[19].

https://www.wjgnet.com/2307-8960/full/v10/i12/3787.htm
https://dx.doi.org/10.12998/wjcc.v10.i12.3787
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Eligibility criteria
Study design: Observational studies, irrespective of the study design (cross-sectional/case-control/ 
cohort studies) reporting the relevant exposure and outcome were included. Only full-text publications 
were included while the studies published as conference abstracts/case reports/case series and 
unpublished data were excluded.

Participants: We have included the studies conducted among the adult pneumonia patients aged ≥ 18 
years. Studies conducted among specific diseased population were excluded from the analysis.

Exposure: We have included studies assessing the association of any sociodemographic risk factors or 
comorbidity with hospital readmissions. At least three studies should have reported the particular risk 
factor to be eligible for inclusion in the review.

Outcome: Studies reporting the rate of hospital readmission across the different sociodemographic and 
comorbidity factors were included.

Search strategy
Systematic search of the literature was performed in the electronic databases such as PubMed Central, 
EMBASE, MEDLINE, and Cochrane library and search engines such as ScienceDirect and Google 
Scholar. Both medical subject headings (MeSH) and free-text words were used to search all these 
databases & search engines. The final search was carried out by combining the individual search results 
using appropriate Boolean operators (“OR” and “AND”) and narrowed down using the available filters 
on time period (from January 2010 to July 2021), language (published in English language only) and 
study design (observational studies). The detailed search strategy with search terms and results has 
been reported in the Supplementary material.

Study selection process
The selection of the relevant studies was performed by two independent investigators by screening the 
title, abstract and keywords of the manuscripts identified by the literature search. Full-text articles were 
retrieved for the studies shortlisted based on the eligibility criteria and screened by the same two invest-
igators. Only studies that satisfy all the eligibility criteria with respect to design, participants, exposure 
and outcome were included. Disagreements between the investigators were resolved and final 
consensus on inclusion of studies was reached with the help of another investigator.

Data extraction process
Manual extraction of data was done using a pre-defined structured data extraction form. Data extracted 
using the form were as follows: Author, year of publication, information related to methods section such 
as design, setting, sample size, sampling strategy, study participants, eligibility criteria, exposure and 
outcome assessment method, quality related information, number of participants in exposed and non-
exposed group and number of exposed and non-exposed participants with hospital readmission. Data 
were entered by the primary investigator and it was double-checked by secondary investigators for 
correct entry.

Risk of bias assessment
The risk of bias assessment was performed by two independent investigators using the Newcastle 
Ottawa (NO) Quality Assessment Form for observational studies under the Selection (maximum 4 
stars), Comparability (maximum 2 stars) and Outcome domains (maximum 2 stars) with the following 
criteria: Representativeness, Sample size justification, Non-response, Ascertainment of exposure, 
Control for confounding, Assessment of outcome and Statistical tests. The total score ranges from 0 to 8 
stars. Studies having 7 to 8 stars were considered of “good” quality, 5 to 6 stars indicated “satisfactory” 
quality, and 0 to 4 stars indicated “unsatisfactory” quality[20].

Statistical analysis
Meta-analysis was executed using the software Review Manager 5.4 (The Cochrane Collaboration, 
2020). Since all the outcomes were dichotomous, number of events and participants in each group were 
entered to obtain the pooled effect estimate in terms of odds ratio (OR) and were graphically depicted 
by the forest plot. We used the random effects model with inverse variance method to calculate the 
weight of individual studies. Evidence of heterogeneity was assessed through chi square test and I2 
statistics to quantify the inconsistencies[21]. We also performed sensitivity analysis to assess the 
robustness of results by removing the studies one by one and checking for any significant variation in 
the results. We have assessed publication bias through funnel plot for the outcomes with minimum of 
10 included studies.

Quality of evidence
Two independent investigators assessed the risk of bias and quality of evidence for included studies 

https://f6publishing.blob.core.windows.net/d0474d10-a50b-402f-b1ad-95be2f6d6545/WJCC-10-3787-supplementary-material.pdf
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using Grading of Recommendations Assessment, Development and Evaluation (GRADE) guidelines
[21]. GRADE approach consists of five components: (1) Risk of bias assessment: “Newcastle Ottawa 
Scale”; (2) Indirectness: Assessed in terms of population, exposure or outcomes; (3) Imprecision: To find 
how precise the estimate obtained–based on sample size and confidence interval; (4) Inconsistency: 
Evidence of heterogeneity using I2 statistic and chi square test of heterogeneity; and (5) Publication bias: 
Egger’s test and funnel plot.

Finally, the quality of the included studies was classified as “Very Low”, “Low”, “Moderate” and 
“High” based on certainty of evidence.

RESULTS
Study selection
In total, 2421 records were retrieved through the literature search. Of them, 110 studies were eligible for 
the full-text retrieval, including four studies identified through the hand-search of references in the 106 
retrieved articles from the primary screening. During the final stage of the screening, 17 studies with 
nearly 3 million participants were included (Figure 1)[11,12,22-36].

Characteristics of the included studies
Almost all the studies (16 out of 17 studies) were retrospective in nature. Majority of the included 
studies were conducted in the United States of America followed by European countries such as Italy, 
Denmark, United Kingdom, and Spain. The sample sizes of the included studies ranged from 771 to 
1472070. Mean age of the participants ranged from 60 to 79 (Table 1). All the included studies had good 
to satisfactory quality (Table 2).

Predictors of hospital readmissions among pneumonia patients
Age and hospital readmissions: Three studies have reported on the risk of readmissions among elderly 
pneumonia patients aged 65+ years. The pooled OR was 0.90 (95%CI: 0.58-1.39; I2 = 92%), indicating no 
difference in terms of hospital readmissions based on age group (Figure 2A). The quality of evidence 
was found to be very low as per GRADE approach.

Gender and hospital readmissions: A total of 13 studies looked at the risk of readmissions in male and 
female pneumonia patients. The pooled OR was 1.22 (95%CI: 1.16-1.27; I2 = 79%), indicating that the 
males have 1.19 times higher odds of having hospital readmissions when compared to female 
pneumonia patients and this association was statistically significant (P < 0.001) (Figure 2B). The quality 
of evidence was found to be low as per GRADE approach.

Dementia and hospital readmissions: Nine studies compared risk of readmissions between dementia 
and non-dementia pneumonia patients. The pooled OR was 1.11 (95%CI: 0.96-1.29; I2 = 99%), indicating 
that there was no between dementia and hospital readmissions among pneumonia patients (Figure 2C). 
The quality of evidence was found to be very low as per GRADE approach.

Diabetes mellitus and hospital readmissions: Seven studies have reported on the risk of readmissions 
between diabetes and non-diabetes pneumonia patients. The pooled OR was 1.18 (95%CI: 1.08-1.28; I2 = 
34%), indicating that the diabetes patients have 1.18 times higher odds of having hospital readmissions 
when compared to non-diabetes pneumonia patients (Figure 2D). The quality of evidence was found to 
be low as per GRADE approach.

Chronic respiratory disease and hospital readmissions: Ten studies showed the risk of readmissions in 
patients with and without chronic respiratory disease. The pooled OR was 1.37 (95%CI: 1.19-1.58; I2 = 
93%), indicating that the patients with chronic respiratory disease have significantly (1.37 times) higher 
odds of having hospital readmissions when compared to patients without chronic respiratory disease (P 
< 0.001) (Figure 2E). The quality of evidence was found to be low as per GRADE approach.

Chronic kidney disease and hospital readmissions: Seven studies have reported on the risk of 
readmissions between patients with and without chronic kidney disease. The pooled OR was 1.38 
(95%CI: 1.23-1.54; I2 = 47%), indicating that the patients with chronic kidney disease have 1.38 times 
higher odds of having hospital readmissions when compared to patients without chronic kidney disease 
(P < 0.001) (Figure 2F). The quality of evidence was found to be low as per GRADE approach.

Chronic liver disease and hospital readmissions: Five studies evaluated the risk of readmissions in 
patients with and without chronic liver disease and showed the pooled OR of 1.39 (95%CI: 0.98-1.98; I2 = 
75%), indicative of no significant association between chronic liver disease and readmission risk 
(Figure 2G). The quality of evidence was found to be very low as per GRADE approach.

Heart failure and hospital readmissions: Nine studies have reported on the risk of readmissions 
between patients with and without heart failure. The pooled OR was 1.28 (95%CI: 1.20-1.37; I2 = 19%), 
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Table 1 Characteristics of the studies included (n = 17)

No. Ref. Country Study design Sample 
size

Mean 
age (in 
years)

Study participants Risk factors reported

1 Ahmedani et 
al[33], 2015

United 
States

Retrospective 
analysis of 
data

72438 NR All health plan patients at the participating health 
systems with an index inpatient hospitalization for 
pneumonia between January 2009 and December 
2011

Dementia

2 Buja et al[36], 
2020

Italy Retrospective 
cohort study

6258 NR Residents aged ≥ 65 yr with diagnosis related groups 
pneumonia (DRG 89 or 90)

Gender

3 Chakrabarti et 
al[22], 2021

United 
Kingdom

Retrospective 
analysis of 
data

10366 73 All community acquired pneumonia cases submitted 
by the nine participating hospitals in the AQ 
Pneumonia Programme between January 1, 2017 and 
March 31, 2019

Gender, Dementia, Heart 
failure, Cancer, CRD, 
CKD, DM, IHD, 
Cerebrovascular disease

4 Dharmarajan 
et al[29], 2013

United 
States

Retrospective 
analysis of 
data

214239 NR Hospitalizations among patients 65 yr or older with 
a complete claims history for 1 yr preceding 
admission

Gender

5 Dong et al
[30], 2017

United 
States

Retrospective 
cohort study

2892 61 Medical records of all 2892 patients coded with a 
principal diagnosis of pneumonia admitted to the 
University of Chicago

Age, Gender, Cancer, 
Heart Failure, CKD, CRD, 
Cerebrovascular disease

6 Faverio et al
[31], 2020

Italy Retrospective 
cohort study

203768 71.2 NHS eligible residents in Lombardy who had 
experienced at least one hospital admission with 
pneumonia as primary or secondary diagnosis 
during the years 2003 to 2012

Gender, Cancer, CKD, 
CRD, CLD, 
Cerebrovascular disease, 
Mechanical ventilation

7 Graversen et 
al[23], 2020

Denmark Retrospective 
analysis of 
data

298564 NR All Danish residents aged 65-99 yr, who had been 
discharged after a pneumonia-related hospital 
admission, referred to as index admission, during 
our study period

Gender, Dementia, Heart 
failure, Cancer, CRD, DM

8 Graversen et 
al[24], 2021

Denmark Retrospective 
analysis of 
data

298872 NR All Danish citizens aged 65–99 yr, who were 
discharged after a hospital admission (index 
admission) with a primary or secondary diagnosis of 
pneumonia as defined by the allocation of diagnostic 
codes (ICD-10: J12-J18, A709, or A481)

Dementia

9 Jain et al[34], 
2018

United 
States of 
America

Retrospective 
analysis of 
data

1472070 68.9 All adults discharged alive after a hospitalization 
with the primary diagnosis of pneumonia

Age

10 Jang et al[35], 
2020

Korea Retrospective 
cohort

862 68.5 Patients with community acquired pneumonia 
hospitalized at Yeungnam University Hospital from 
March 2012 to February 2014

Age, Gender, Dementia, 
Heart failure, Cancer, 
CRD, DM, CKD, CLD, 
Cerebrovascular disease, 
ICU admission, 
Mechanical ventilation

11 Knox[32], 
2019

United 
States

Retrospective 
analysis of 
data

389956 79 Pneumonia patients ranging in age from 65 to 90 yr 
of age

Dementia

12 Lee et al[25], 
2017

Republic 
of Korea

Retrospective 
cohort

7446 NR Patients older than 65 yr who were hospitalized with 
pneumonia between 2003 and 2013

Gender, Dementia, Heart 
failure, Cancer, CRD, 
CKD

13 Mather et al
[11], 2013

United 
States

Retrospective 
cohort

956 NR Adult patients admitted to Hartford Hospital from 
January 2009 to March 2012 with principal diagnosis 
of pneumonia (International Classification of 
Diseases, 9th Revision, Clinical Modification codes 
480.XX, 481, 482.XX, 483.X, 485, 486, and 487.0) as 
potential index pneumonia admission

Gender, Dementia, Heart 
failure, Cancer, CRD, 
CKD, DM, IHD

14 Nagasako et al
[27], 2014

United 
States

Retrospective 
analysis of 
data

29849 NR Hospital readmissions for patients discharged from 
non-federal Missouri acute care or critical access 
hospitals between June 1, 2009 and May 31, 2012, 
with principal diagnoses of pneumonia

Gender

15 Shams et al
[28], 2014

United 
States

Retrospective 
cohort

1306 68.3 Adult patients with principal (or secondary) 
discharge diagnoses of pneumonia

Gender, Cancer, Heart 
Failure, CRD, DM, IHD

Gender, Cancer, 
Dementia, Heart Failure, 
ICU admission, 
Mechanical ventilation, 
Cerebrovascular disease, 

16 Shorr et al
[12], 2013

United 
States

Retrospective 
cohort

771 60 All adult subjects with bacterial pneumonia 
admitted to a single institution between January and 
December 2010
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CRD, DM, IHD

17 Toledo et al
[26], 2018

Spain Cross-
sectional

1756 NR Patients included were aged ≥ 65 yr admitted 
through the emergency department to any of the 
participating hospitals for ≥ 24 h with a chest X ray 
showing pulmonary infiltrate compatible with 
pneumonia and ≥ 1 of the following symptoms or 
signs of acute lower respiratory tract infection: 
Cough, pleural chest pain, dyspnoea, fever > 38 °C, 
hypothermia < 35 °C and abnormal auscultator 
respiratory sounds unexplained by other causes

Gender, Heart failure, 
Cancer, CRD, CKD, DM

NR: Not reported; CRD: Chronic respiratory diseases; CKD: Chronic kidney disease; CLD: Chronic liver disease; DM: Diabetes mellitus; IHD: Ischaemic 
heart disease; NHS: National Health Service.

Table 2 Quality assessment of the included studies (n = 17)

No. Ref. Representativeness Sample size 
justification

Non-
response

Ascertainment 
of exposure

Control for 
confounding

Assessment 
of outcome

Statistical 
tests

Overall 
quality

1 Ahmedani et 
al[33], 2015

1 star 0 star 0 star 1 star 2 stars 1 star 1 star Satisfactory

2 Buja et al[36], 
2020

1 star 1 star 1 star 1 star 2 stars 1 star 1 star Good

3 Chakrabarti 
et al[22], 2021

1 star 0 star 1 star 1 star 2 stars 1 star 1 star Good

4 Dharmarajan 
et al[29], 2013

1 star 1 star 0 star 1 star 2 stars 1 star 1 star Good

5 Dong et al
[30], 2017

0 star 0 star 0 star 1 star 2 stars 1 star 1 star Satisfactory

6 Faverio et al
[31], 2020

1 star 0 star 0 star 1 star 2 stars 1 star 1 star Satisfactory

7 Graversen et 
al[23], 2020

1 star 1 star 1 star 1 star 2 stars 1 star 1 star Good

8 Graversen et 
al[24], 2021

1 star 0 star 1 star 1 star 2 stars 1 star 1 star Good

9 Jain et al[34], 
2018

1 star 1 star 0 star 1 star 2 stars 1 star 1 star Good

10 Jang et al
[35], 2020

1 star 1 star 1 star 1 star 2 stars 1 star 1 star Good

11 Knox[32], 
2019

0 star 0 star 0 star 1 star 0 star 1 star 0 star Unsatisfactory

12 Lee et al[25], 
2017

1 star 1 star 1 star 1 star 2 stars 1 star 1 star Good

13 Mather et al
[11], 2013

1 star 0 star 1 star 1 star 2 stars 1 star 1 star Good

14 Nagasako et 
al[27], 2014

0 star 1 star 0 star 0 star 0 star 1 star 1 star Unsatisfactory

15 Shams et al
[28], 2014

0 star 1 star 0 star 1 star 0 star 1 star 0 star Unsatisfactory

16 Shorr et al
[12], 2013

1 star 1 star 1 star 1 star 2 stars 1 star 1 star Good

17 Toledo et al
[26], 2018

1 star 0 star 1 star 1 star 2 stars 1 star 1 star Good

indicating that the patients with heart failure have 1.28 times higher odds of having hospital 
readmissions when compared to patients without heart failure (Figure 2H). The quality of evidence was 
found to be low as per GRADE approach.

Ischaemic heart disease and hospital readmissions: A total of 4 studies evaluated the risk of 
readmissions in patients with and without ischaemic heart disease. The pooled OR was 1.15 (95%CI: 
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Figure 1 PRISMA flowchart.

0.94-1.40; I2 = 42%), indicating that there is no association between ischaemic heart disease and hospital 
readmissions (Figure 2I). The quality of evidence was found to be low as per GRADE approach.

Cerebrovascular disease and hospital readmissions: Five studies have reported on the risk of 
readmissions between patients with and without cerebrovascular disease. The pooled OR was 1.08 
(95%CI: 0.85-1.38; I2 = 71%), indicating there is no association between cerebrovascular disease and 
hospital readmissions (Figure 2J). The quality of evidence was found to be low as per GRADE approach.

Cancer and hospital readmissions: Risk of readmissions in patients with and without cancer was 
discussed in 10 studies. The pooled OR was 1.94 (95%CI: 1.61-2.34; I2 = 96%), indicating that the patients 
with cancer have significantly higher (1.94 times) odds of having hospital readmissions when compared 
to patients without cancer (P < 0.001) (Figure 2K). The quality of evidence was found to be very low as 
per GRADE approach.

Intensive care units admission and hospital readmissions: Three studies have reported on the risk of 
readmissions between patients with and without intensive care units (ICU) admission during their 
hospital stay for primary diagnosis. The pooled OR was 1.21 (95%CI: 0.69-2.13; I2 = 46%), indicating 
there is no association between ICU admission and hospital readmissions (Figure 2L). The quality of 
evidence was found to be low as per GRADE approach.

Mechanical ventilation and hospital readmissions: Four studies have reported on the risk of 
readmissions between patients with and without mechanical ventilation requirement during their 
hospital stay for primary diagnosis. The pooled OR was 1.36 (95%CI: 0.96-1.93; I2 = 74%), indicating 
there is no association between mechanical ventilation and hospital readmissions (Figure 2M). The 
quality of evidence was found to be low as per GRADE approach.

Additional analysis
Sensitivity analysis has revealed that the estimates obtained for all the outcomes were robust to small 
study effects in terms of magnitude or direction of the outcomes. Funnel plot for the risk factors such as 
gender, cancer and chronic respiratory disease showed asymmetrical plot indicating the possibility of 
publication bias (Supplementary Figures 1-3).

DISCUSSION
Almost one in five pneumonia patients have to be readmitted to the hospital[37]. Hospital readmissions 
following an episode of pneumonia are becoming a relatively frequent event, specifically among the 
older adults and patients with various co-morbidities[38]. It is important, therefore, to identify the 
patients at high-risk of getting readmitted as early as possible and prevent the development of future 

https://f6publishing.blob.core.windows.net/d0474d10-a50b-402f-b1ad-95be2f6d6545/WJCC-10-3787-supplementary-material.pdf
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Figure 2 Forest plot showing the risk factors of hospital readmission rate among pneumonia patients. A: Age and hospital readmission; B: 
Gender and hospital readmission; C: Dementia and hospital readmission; D: Diabetes mellitus and hospital readmission; E: Chronic respiratory disease and hospital 
readmission; F: Chronic Kidney disease and hospital readmission; G: Chronic liver disease and hospital readmission; H: Heart failure and hospital readmission; I: 
Ischaemic heart disease and hospital readmission; J: Cerebrovascular disease and hospital readmission; K: Cancer and hospital readmission; L: ICU admission and 
hospital readmission; M: Mechanical Ventilation and hospital readmission.
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complications. Despite its importance, the role of various risk factors on the hospital readmission rate 
among pneumonia patients remains unclear. The goal of this review was to study the association of 
various risk factors on hospital readmission rate among pneumonia patients.

We have found a total of 17 studies matching the eligibility criteria of the review. Most of these 
studies were conducted in American and European region. Though, almost all the studies were 
retrospective in nature, all of them were of good to satisfactory quality. We found that males had 
significantly higher odds of having hospital readmissions when compared to female pneumonia 
patients. Co-morbidities, such as diabetes mellitus, cancer, heart failure, chronic respiratory disease and 
chronic kidney disease were also significantly associated with the risk of readmissions among 
pneumonia patients. Sensitivity analysis revealed that there was no significant single-study effect on the 
magnitude or direction of association.

Although, there was no previous reviews to compare our study findings, the possible impact of 
various risk factors on hospital readmission rate among pneumonia patients has been explored using 
the previous literature. Studies show that in one in six patients pneumonia might fail to resolve 
completely in spite of appropriate treatment[39]. Such patients might end up developing serious 
complications that require hospital readmissions[39]. Our study showed that several host factors like 
gender, immunocompromising conditions (cancer, diabetes mellitus), heart failure, and chronic 
respiratory and kidney diseases are associated with the failure to resolve completely and increased risk 
of readmission.

Since the most frequent reason for the 30-d hospital readmission amongst pneumonia patients is the 
decompensation of the associated comorbid conditions[29,34], it is important to develop interventions 
that are aimed at reducing the all-cause readmission rates. This, in turn, would have a significant impact 
on the pneumonia readmission rate. Almost all the top five diagnoses of the potentially avoidable 
readmissions for each comorbidity were either a direct or an indirect complication of that comorbidity. 
For example, in patients with diabetes mellitus, atrial fibrillation, heart failure, ischemic heart disease, or 
chronic kidney disease, the most common cause and diagnosis of the potentially avoidable hospital 
readmission was the acute heart failure. Therefore, ensuring stability of comorbidities at the time of 
discharge in high risk patients with heart failure, kidney failure, cancer, etc., would impact not only the 
all-cause readmission rate but also the pneumonia readmission rate. Further research is required to 
explore potential interventions to evaluate and ensure clinical stability at the level of discharge, partic-
ularly in patients with the multiple and interrelated comorbidities.

In other cases, pneumonia readmissions may not be related to the initial pneumonia episode or the 
comorbidity decompensation, but rather to other causes, such as hospital-acquired infections, acute 
conditions, or trauma. With enhanced care, numbers of readmission due to hospital-acquired infections 
decreases. However, a significant number of these cases may remain as potentially unavoidable 
readmissions. Further studies are needed to assess how these factors may impact readmission rates in 
pneumonia patients, and to develop appropriate intervention plans.

The major strength of our review is the rigorous literature search and methodology used to provide 
reliable estimates. Additionally, this was the first review providing the association between sociodemo-
graphic and comorbid risk factors and hospital readmissions among pneumonia patients. Most studies 
included in our review were of higher quality and had a standard-criteria for defining hospital 
readmission (30-d hospital readmission), which might further enhance the generalisability of our study 
findings. Moreover, sensitivity analysis did not show any significant changes in magnitude and 
direction of association with respect to any of the exposure-outcome relationships.

However, our study has some limitations. There was a significant between-study variability that may 
limit the extrapolation of the study results. Most of the included studies were retrospective in nature, 
which makes it difficult to establish causation between the exposure and the disease. Hence, more 
longitudinal studies are needed to identify accurate and reliable effect estimates and make evidence-
based recommendation for developing potential interventions in hospital setting.

CONCLUSION
Male gender and specific chronic comorbid conditions were found to be significant risk factors for 
hospital readmission among pneumonia patients. These results may allow clinicians and policymakers 
to develop better intervention strategies for the patients.

ARTICLE HIGHLIGHTS
Research background
Factors that are associated with the short-term rehospitalization have been investigated previously in 
numerous studies. However, the majority of these studies have not produced any conclusive results 
because of their smaller sample sizes, differences in the definition of pneumonia, joint pooling of the in-
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hospital and post-discharge deaths and lower generalizability.

Research motivation
To the best of our knowledge, there has been no systematic effort to pool data on the risk factors for 
hospital readmissions in patients with pneumonia.

Research objectives
To pool data from individual studies to identify risk factors for hospital readmissions in patients with 
pneumonia.

Research methods
Systematic search was conducted in PubMed Central, EMBASE, MEDLINE, Cochrane library, Science-
Direct and Google Scholar databases, and search engines from inception until July 2021.

Research results
In total, 17 studies with over 3 million participants were included. Majority of the studies had good to 
satisfactory quality as per Newcastle Ottawa scale. Male gender, cancer, heart failure, chronic 
respiratory disease, chronic kidney disease and diabetes mellitus had statistically significant association 
with the hospital readmission rate among pneumonia patients.

Research conclusions
Male gender and specific chronic comorbid conditions were found to be significant risk factors for 
hospital readmission among pneumonia patients. These results may allow clinicians and policymakers 
to develop better intervention strategies for the patients.

Research perspectives
More longitudinal studies are needed to identify accurate and reliable effect estimates and make 
evidence-based recommendation for developing potential interventions in hospital setting.
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