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Abstract

Purpose

Pneumococcal disease leads to renal complications ranging from persistent proteinuria to

end-stage renal disease. Studies on the association between pneumococcal pneumonia

(PP) and acute kidney injury (AKI) are scant. This study assessed the relationship between

PP and risk of AKI.

Methods

This nationwide population-based cohort study examined data from the Taiwan National

Health Insurance Research Database for the period 2000–2011. We identified inpatients with

newly diagnosed PP according to the International Classification of Diseases, Ninth Revision,

Clinical Modification (ICD-9-CM) codes. In addition, we selected a comparison cohort from

inpatient claimswithout the diagnosis of PP that was randomly frequency-matched with the PP

cohort according to age, sex, index year and comorbidities. We analyzed the risks of AKI by

using Cox proportional hazards regression models, adjusted for sex, age, and comorbidities.

Results

A total of 10,069 patients with PP and 10,069 controls were enrolled in this study. After

adjustments for age, sex, and comorbidities, patients with PP had a 1.11-fold risk of devel-

oping AKI compared with the comparison cohort.

Conclusion

This study indicates that AKI risks are higher in patients with PP compared with the compar-

ison cohort. Careful follow-up observation and aggressive treatment are necessary for

patients with PP to reduce the risk of AKI.

PLOS ONE | DOI:10.1371/journal.pone.0158501 June 30, 2016 1 / 9

a11111

OPEN ACCESS

Citation: Lin T-Y, Chen Y-G, Lin C-L, Kao C-H (2016)
Increased Risk of Acute Kidney Injury following
Pneumococcal Pneumonia: A Nationwide Cohort
Study. PLoS ONE 11(6): e0158501. doi:10.1371/
journal.pone.0158501

Editor: Emmanuel A Burdmann, University of Sao
Paulo Medical School, BRAZIL

Received: March 8, 2016

Accepted: May 16, 2016

Published: June 30, 2016

Copyright: © 2016 Lin et al. This is an open access
article distributed under the terms of the Creative
Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: All data and related
metadata were deposited in an appropriate public
repository. The data on the study population that were
obtained from the NHIRD (http://w3.nhri.org.tw/nhird//
date_01.html) are maintained in the NHIRD (http://
nhird.nhri.org.tw/). The NHRI is a nonprofit foundation
established by the government.

Funding: This study is supported in part by Taiwan
Ministry of Health and Welfare Clinical Trial and
Research Center of Excellence (MOHW105-TDU-B-
212-133019), China Medical University Hospital,
Academia Sinica Taiwan Biobank Stroke Biosignature
Project (BM10501010037), NRPB Stroke Clinical

http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0158501&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://w3.nhri.org.tw/nhird//date_01.html
http://w3.nhri.org.tw/nhird//date_01.html
http://nhird.nhri.org.tw/
http://nhird.nhri.org.tw/


Introduction
Pneumococcal pneumonia (PP) is a common disease worldwide and a major concern because
of its high morbidity and mortality rates [1]. This disease can cause septic shock, acute respira-
tory failure, bacteremia, empyema, and meningitis in its acute stage [2,3]. Severe morbidities
after the acute stage have been observed. PP is associated with increased risk of stroke [4],
acute cardiac events [5,6], lung cancer [7], and end-stage renal disease [8].

Acute kidney injury (AKI) is a common problem in critically ill patients. AKI occurs in up
to 70% of critically ill patients and has a mortality rate in this group more than twice that of
similar patients without AKI [9]. Among the traditional causes of AKI, sepsis is the most com-
mon etiology [10]. A short episode of AKI may predispose the patient to permanent kidney
damage. Coca et al observed an association between AKI and chronic kidney disease [11]. Cli-
nicians should aggressively prevent AKI to avoid adverse outcomes.

PP can cause hemolytic-uremic syndrome in pediatric patients. The disease often results in
AKI that requires emergent dialysis [12,13]. Epidemiological studies on the relationship
between PP in adults and AKI development are scant. Therefore, we conducted a nationwide
population-based cohort study to investigate the association between PP and subsequent risk
of AKI.

Methods

Data Source
The National Health Insurance (NHI) program was established in Taiwan in March 1995, and
currently has more than 23.75 million enrollees, covering more than 99% of the population.
The National Health Research Institutes maintain the National Health Insurance Research
Database (NHIRD), which contains all NHI claims data. To protect patient privacy, all medical
records in the NHIRD are linked through a unique encrypted identifier. In this study, we used
the NHIRD inpatient dataset and Registry of Beneficiaries. Diagnoses in the database are based
on the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM) codes. The Institutional Research Ethic Committee of China Medical University
(CMUH104-REC2-115) exempted this study from full review.

Study Participants
We used inpatient claims data to identify patients aged 20 years or more who were newly diag-
nosed with PP (ICD-9-CM code 481) between 2000 and 2011. The index date was defined as
the date of initial PP diagnosis. We excluded patients with missing sex or date of birth data,
and aged<20 years. The comparison cohort was randomly selected from inpatient claims
without the diagnosis of PP. For each patient with PP, 1 control patients without PP were ran-
domly selected and frequency-matched according to year of hospitalization, age (every 5 y),
sex, and comorbidities of cirrhosis, cancer, chronic kidney disease (CKD), diabetes, hyperten-
sion, hyperlipidemia, chronic obstructive pulmonary disease (COPD), congestive heart failure
(CHF), coronary artery disease (CAD), and stroke. The same exclusion criteria as used for the
PP group were applied for the control group. All the study participants were followed until
they were diagnosed with AKI (ICD-9-CM code 584), censored for loss to follow-up, withdrew
from the NHI program, or until December 31, 2011.

Outcome and Comorbidities
In Taiwan, the AKI diagnosis before the year 2004 was based on diagnosis guideline at that
time and use RIFLE criteria after the year 2004. These diagnostic codes in NHIRD would be

Acute Kidney Injury in Pneumococcal Pneumonia

PLOS ONE | DOI:10.1371/journal.pone.0158501 June 30, 2016 2 / 9

Trial Consortium (MOST 104-2325-B-039 -005),
Tseng-Lien Lin Foundation, Taichung, Taiwan, Taiwan
Brain Disease Foundation, Taipei, Taiwan, and
Katsuzo and Kiyo Aoshima Memorial Funds, Japan;
and CMU under the Aim for Top University Plan of the
Ministry of Education, Taiwan. The funders had no
role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.
No additional external funding was received for this
study.

Competing Interests: The authors have declared
that no competing interests exist.

Abbreviations: PP, pneumococcal pneumonia; AKI,
acute kidney injury; aHR, adjusted hazard ratio; CI,
confidence interval; NHIRD, National Health
Insurance Research Database; BNHI, Bureau of
National Health Insurance; NHI, National Health
Insurance; NHIA, National Health Insurance
Administration; NHRI, National Health Research
Institutes; LHID 2000, Longitudinal Health Insurance
Database 2000.



obtained from hospital records and evaluated by two or more specialist to confirm the diagnos-
tic accuracy.

The person-years of the follow-up were calculated for each patient until they were newly
diagnosed with AKI, censored for loss to follow-up, withdrew from the insurance program, or
until the end of 2011.

Comorbidities, namely cirrhosis (ICD-9-CM code 571.2, 571.5, 571.6), cancer (ICD-9-CM
codes 140–208), CKD (ICD-9-CM code 585), diabetes (ICD-9-CM code 250), hypertension
(ICD-9-CM codes 401–405), hyperlipidemia (ICD-9-CM code 272), chronic obstructive pul-
monary disease (COPD; ICD-9-CM codes 491, 492, and 496), congestive heart failure (CHF;
ICD-9-CM code 428), coronary artery disease (CAD; ICD-9-CM codes 410–414), and stroke
(ICD-9-CM codes 430–438), were identified according to diagnosis prior to the AKI event. In
addition, sepsis (ICD-9-CM codes 0389) was also added in the multivariable analysis. The
severity were identified according to hospitalization of PP with continuous mechanical ventila-
tion (high) or without continuous mechanical ventilation (low) (ICD-9 procedure code 967).

Ethics Statement
The NHIRD encrypts patient personal information to protect privacy and provides researchers
with anonymous identification numbers associated with relevant claims information, including
sex, date of birth, medical services received, and prescriptions. Therefore, patient consent is not
required to access the NHIRD. This study was approved to fulfill the condition for exemption
by the Institutional Review Board (IRB) of China Medical University (CMUH104-REC2-115).
The IRB also specifically waived the consent requirement.

Statistical Analysis
The baseline distribution of demographic characteristics and comorbidities were evaluated
using the chi-square test for categorical variables and t test for continuous variables between
the PP and non-PP cohorts. We calculated the overall incidence density rates of AKI and age-,
sex-, and comorbidity-specific rates of AKI (per 1000 person-y). Univariate and multivariate
Cox proportion hazards regression models were used to examine the influence of PP on the
risk of AKI, expressed as a hazard ratio (HR) with a 95% confidence interval (CI). The multi-
variate models were simultaneously adjusted for sepsis, age, sex, and comorbidities of cirrhosis,
cancer, CKD, diabetes, hypertension, hyperlipidemia, COPD, CHF, CAD, and stroke. Stratified
by sepsis, age, sex, comorbidity, follow-up time and the severity of PP, the relative risk of AKI
development in the patients with PP, compared with the patients without PP, was also analyzed
using the Cox models. The Cox model was also used to calculate the adjusted cumulative inci-
dence of AKI for both PP and non-PP cohorts. All statistical analyses were conducted using
SAS software Version 9.4 (SAS Institute, Inc., Cary, NC, USA). A 2-tailed P value of< .05 was
considered statistically significant.

Results
The cohort comprised 10 069 PP cases and 10 069 non-PP controls for the period 2000–2011.
In both cohorts, approximately 52.5% of the patients were more than 65 years old and 64.1%
were men. The mean ages of the PP and non-PP cohorts were 62.7 ±18.5 and 62.2±18.7 years,
respectively. The patients with PP and with non-PP had similar prevalence of cirrhosis, cancer,
CKD, diabetes, hypertension, hyperlipidemia, COPD, CHF, CAD, and stroke (all P>.05)
(Table 1). The cumulative incidence of AKI was higher for the PP cohort than for the non-PP
cohort (P = .006) (Fig 1). In total, 429 patients with AKI were observed in the PP cohort, for an
incidence rate of 10.5 per 1000 person-years; 542 patients with AKI were identified in the non-
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Table 1. Demographic characteristics and comorbidities in cohorts with and without pneumococcal pneumonia.

Pneumococcal pneumonia

No Yes

Variable N = 10069 N = 10069 p-value

Age, year 0.99

� 49 2627(26.1) 2627(26.1)

50–64 2160(21.5) 2160(21.5)

65–79 3381(33.6) 3380(33.6)

�80 1901(18.9) 1902(18.9)

Mean±SD† 62.2(18.7) 62.7(18.5) 0.05

Sex 0.99

Female 3616(35.9) 3616(35.9)

Male 6453(64.1) 6453(64.1)

Comorbidity

Cirrhosis 641(6.37) 641(6.37) 0.99

Cancer 1690(16.8) 1690(16.8) 0.99

CKD 156(1.55) 156(1.55) 0.99

Diabetes 2613(26.0) 2613(26.0) 0.99

Hypertension 4203(41.7) 4203(41.7) 0.99

Hyperlipidemia 875(8.69) 875(8.69) 0.99

COPD 3105(30.8) 3105(30.8) 0.99

CHF 1430(14.2) 1430(14.2) 0.99

CAD 2107(20.9) 2107(20.9) 0.99

Stroke 2266(22.5) 2266(22.5) 0.99

Chi-Square Test
†: T-Test

CKD denotes chronic kidney disease

CAD denotes coronary artery disease

CHF denotes congestive heart failure

COPD denotes chronic obstructive pulmonary disease

doi:10.1371/journal.pone.0158501.t001

Fig 1. Kaplan-Meier survival analysis showed that the pneumococcal pneumonia group exhibited
significantly higher acute kidney injury rates than the comparison group.

doi:10.1371/journal.pone.0158501.g001
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PP cohort, for an incidence rate of 10.5 per 1000 person-years, yielding a crude HR of 1.00
(95% CI = 0.92–1.08) (Table 2). After adjustment for age, sex, and comorbidities, the patients
with PP exhibited an increased risk of AKI compared with those without PP (adjusted HR
[aHR] = 1.11, 95% CI = 1.03–1.19). The AKI incidence increased with age and was greater in
male patients than in female patients. We also observed a significantly higher risk of AKI in the

Table 2. Incidence and Hazard ratio for acute kidney injury and acute kidney injury -associated risk factor.

Variable Event PY Rate# Crude HR (95% CI) Adjusted HR† (95% CI)

Pneumococcal pneumonia

No 542 51380 10.5 1.00 1.00

Yes 429 40748 10.5 1.00(0.92, 1.08) 1.11(1.03,1.19)**

Comorbidity

Cirrhosis

No 848 87139 9.73 1.00 1.00

Yes 123 4990 24.7 2.53(2.26, 2.84)*** 2.58(2.31, 2.89)***

Cancer

No 811 80110 10.2 1.00 1.00

Yes 160 12019 13.3 1.32(1.19, 1.46)*** 0.94(0.85,1.04)

CKD

No 953 91122 10.5 1.00 1.00

Yes 18 1007 17.9 1.71(1.29, 2.27)*** 0.99(0.76, 1.30)

Diabetes

No 554 69904 7.93 1.00 1.00

Yes 417 22224 18.8 2.37(2.19, 2.56)*** 1.69(1.56, 1.82)***

Hypertension

No 369 55249 6.68 1.00 1.00

Yes 602 36880 16.3 2.44(2.26, 2.64)*** 1.23(1.13,1 .34)***

Hyperlipidemia

No 870 83684 10.4 1.00 1.00

Yes 101 8445 12.0 1.15(1.02, 1.30)*** 0.89(0.78, 1.01)

COPD

No 604 64548 9.36 1.00 1.00

Yes 367 27581 13.3 1.42(1.31, 1.54)*** 0.94(0.87, 1.02)

CHF

No 703 80151 8.77 1.00 1.00

Yes 268 11978 22.4 2.55(2.34, 2.78)*** 1.56(1.42,1 .71)***

CAD

No 654 73201 8.93 1.00 1.00

Yes 317 18928 16.8 1.8791.73, 2.03)*** 0.97(0.89, 1.06)

Stroke

No 642 73647 8.72 1.00 1.00

Yes 329 18481 17.8 2.04(1.88, 2.21)*** 1.11(1.03, 1.21)*

#: incidence rate, per 1,000 person-years

Crude HR, relative hazard ratio
†: multivariable analysis including age, sex, and comorbidities of cirrhosis, cancer, CKD, diabetes, hypertension, hyperlipidemia, COPD, CHF, CAD, and

stroke

*p<0.05

**p<0.01

***p<0.001.

doi:10.1371/journal.pone.0158501.t002
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patients with cirrhosis (aHR = 2.58, 95% CI = 2.31–2.89), diabetes (aHR = 1.69, 95%
CI = 1.56–1.82), hypertension (aHR = 1.23, 95% CI = 1.13–1.34), CHF (aHR = 1.56, 95%
CI = 1.42–1.71), and stroke (aHR = 1.11, 95% CI = 1.03–1.21) than among those with no
comorbidity.

The risk of AKI in the patients with PP was significantly higher than that in patients without
PP for without sepsis group (aHR = 1.09, 95% CI = 1.01–1.18), with sepsis group (aHR = 1.16,
95% CI = 1.06–1.26), aged 65-79y group (aHR = 1.28, 95% CI = 1.13–1.45), and males
(aHR = 1.17, 95% CI = 1.07–1.29) (Table 3). The stratified analysis conducted according to the
follow-up duration showed that the PP cohort to non-PP cohort developed the highest risk of
AKI within 1 year of follow-up (aHR = 1.97, 95% CI = 1.79–2.16). Furthermore, the PP cohort
with continuous mechanical ventilation exhibited a significantly much higher risk of AKI com-
pared to the non-PP cohort (aHR = 2.09, 95% CI = 1.81–2.42) (Table 4).

Discussion
AKI is an abrupt loss of renal function within a short time; sepsis is the most common etiology
of the condition. Streptococcus pneumonia is a common etiology of pneumonia with sepsis

Table 3. Incidence of acute kidney injury by age, sex and comorbidity and Coxmodel measured hazards ratio for patients with pneumococcal
pneumonia compared those without pneumococcal pneumonia.

Pneumococcal pneumonia

No Yes

Variables Event PY Rate# Event PY Rate# Crude HR (95% CI) Adjusted HR† (95% CI)

Acute kidney injury without sepsis 408 51380 7.94 320 40748 7.85 2.07(1.91, 2.25)*** 1.09(1.01, 1.18)*

Acute kidney injury with sepsis 134 51380 2.61 109 40748 2.67 1.96(1.78, 2.15)*** 1.16(1.06, 1.26)**

Age, years

� 49 41 15827 2.59 38 14585 2.61 1.01(0.85, 1.20) 1.10(0.94, 1.29)

50–64 86 11509 7.47 76 9612 7.91 1.06(0.89, 1.26) 1.09(0.92, 1.29)

65–79 236 17147 13.8 216 12331 17.5 1.27(1.12, 1.44)*** 1.28(1.13, 1.45)***

�80 179 6897 26.0 99 4220 23.5 0.90(0.77, 1.06) 0.90(0.76, 1.06)

Sex

Female 180 19466 9.25 127 16319 7.78 0.84(0.74, 0.96)* 0.98(0.87, 1.11)

Male 362 31914 11.3 302 24429 12.4 1.09(0.99, 1.20) 1.17(1.07, 1.29)***

Comorbidity‡

No 33 15714 2.10 20 14454 1.38 0.66(0.38, 1.15) 0.77(0.44, 1.36)

Yes 509 35667 14.3 409 26294 15.6 1.09(0.95, 1.24) 1.14(1.00, 1.30)

Follow-up time, years

�1 85 9460 8.98 139 8224 16.9 1.88(1.71, 2.07)*** 1.97(1.79, 2.16)***

2–4 215 21421 10.0 146 16815 8.68 0.87(0.70, 1.07) 0.96(0.78, 1.19)

�5 242 20499 11.8 144 15709 9.17 0.78(0.63, 0.96)* 0.94(0.76, 1.15)

#: incidence rate, per 1,000 person-years

Crude HR, relative hazard ratio
†: multivariable analysis including sepsis, age, sex, and comorbidities of diabetes, hypertension, hyperlipidemia, COPD, CHF, CAD, stroke, cirrhosis, cancer,

and CKD
‡: Patients with any one of the comorbidities diabetes, hypertension, hyperlipidemia, COPD, CHF, CAD, stroke, cirrhosis, cancer, and CKD as the

comorbidity group

*p<0.05

**p<0.01

***p<0.001.

doi:10.1371/journal.pone.0158501.t003
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and, in its acute stage, can increase the risk of AKI. Sepsis-mediated hypoperfusion and hypox-
emia may result in peritubular hypoxia and then cause AKI [14,15]. We observed the highest
risk of AKI during the first follow-up year after PP. The stratified analysis conducted according
to with or without sepsis showed that the PP cohort developed higher risk of AKI compared to
non-PP cohort. This phenomenon may be explained by the growing evidence of cellular and
inflammatory-mediated injury observed in addition to hypoperfusion in sepsis-associated AKI
pathophysiology [16–19]. The surface capsular polysaccharides of pneumococcus trigger host
inflammatory responses and induce the production of cytokines [20]. Panichi et al reported
that increased levels of inflammation markers such as C-reactive protein and interleukin-6 are
predictors of deteriorating renal function in elderly patients [21]. Ficek et al showed that tumor
necrosis factor-α is a contributing factor for acute renal failure in sepsis [22] and induces renal
interstitial fribrosis by increasing production of transforming growth factor-β1 [23]. Wittenha-
gen et al found that an increased soluble urokinase-type plasminogen activator receptor
(suPAR) level reflects an increased expression of inflammatory cells in vessels during pneumo-
coccal sepsis [24]. An elevated suPAR level during PP might reflect ongoing inflammation that
contributes to subsequent podocyte damage, thus resulting in AKI. The findings of these stud-
ies are consistent with our epidemiological results.

In this study, the comorbidities and coexistent conditions associated with the development
of AKI between the study cohort and comparison cohort were similar. PP remained an inde-
pendent risk factor for developing AKI after covariates were adjusted. The AKI incidence
increased with age in this study was consistent with previous report. Kidney function deterio-
rates with age, thus increasing AKI risk [25].

Our multivariable regression analysis revealed elevated AKI rates among the patients with
diabetes, hypertension, congestive heart failure, cirrhosis and stroke. These results are consis-
tent with previous studies. Furthermore, the HR of AKI was higher in the younger patients
with PP than in the older ones; this is possibly because the older subgroup exhibited more
comorbidities and underlying medical illnesses, which may have reduced the effect of PP on
their AKI. This phenomenon was also observed in the comorbidity-stratified results.

This study has several limitations. First, the NHIRD does not contain detailed information
about the current medications of the patient or hydration fluid status which are potential con-
founding factors that might have influenced the study outcomes. Second, the insurance claims
database do not contain detailed information regarding patients with PP, including clinical fac-
tors related to the severity of the infection, such as shock, laboratory values of white blood cell
count, platelet count, blood urea nitrogen and serum creatinine levels (AKI severity), all of

Table 4. Cox Proportional Hazard Regression Analysis for the risk of acute kidney injury stratified by the severity of pneumococcal pneumonia.

Variables N Event Rate# Adjusted HR† (95% CI)

Non-pneumococcal pneumonia 10069 542 10.6 1(Reference)

Pneumococcal pneumonia severity&

Without continuous mechanical ventilation(Low) 8650 362 9.46 1.02(0.94, 1.10)

With continuous mechanical ventilation(High) 1419 67 27.1 2.09(1.81, 2.42)***

#: incidence rate, per 1,000 person-years
†: multivariable analysis including age, sex, and comorbidities of diabetes, hypertension, hyperlipidemia, COPD, CHF, CAD, stroke, cirrhosis, cancer, and

CKD

***P< .001
&severity were identified according to hospitalization of pneumococcal pneumonia with continuous mechanical ventilation (High) or without continuous

mechanical ventilation (Low).

doi:10.1371/journal.pone.0158501.t004
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which might be confounding factors in this study. However, we use indicator ''continuous
mechanical ventilation'' as severity of PP. Third, the evidence derived from a retrospective
cohort study is generally lower in statistical quality than that from randomized trials because of
potential biases related to adjustments for confounding variables. Fourth, a prospective patient
registration survey is required to monitor the change of estimated glomerular filtration rate in
patients after PP infection.

In conclusion, the patients hospitalized for PP exhibited an increased risk of AKI compared
with inpatients without PP. One episode of PP might exert clinically substantial renal effects.
We recommend that physicians carefully monitor renal function when treating patients with a
history of PP.

Author Contributions
Conceived and designed the experiments: TYL CHK. Performed the experiments: TYL YGC
CLL CHK. Analyzed the data: TYL YGC CLL CHK. Contributed reagents/materials/analysis
tools: CHK. Wrote the paper: TYL YGC CLL CHK.

References
1. Ortqvist A, Hedlund J, Kalin M. Streptococcus pneumoniae: epidemiology, risk factors, and clinical fea-

tures. Semin Respir Crit Care Med. 2005; 26:563–74. PMID: 16388428

2. Mongardon N, Max A, Bouglé A, Pène F, Lemiale V, Charpentier J, et al. Epidemiology and outcome of
severe pneumococcal pneumonia admitted to intensive care unit: a multicenter study. Crit Care 2012;
16: R155. doi: 10.1186/cc11471 PMID: 22894879

3. Naucler P, Darenberg J, Morfeldt E, Ortqvist A, Henriques Normark B. Contribution of host, bacterial
factors and antibiotic treatment to mortality in adult patients with bacteraemic pneumococcal pneumo-
nia. Thorax 2013; 68: 571–9. doi: 10.1136/thoraxjnl-2012-203106 PMID: 23442364

4. Chen LF, Chen HP, Huang YS, Huang KY, Chou P, Lee CC. Pneumococcal pneumonia and the risk of
stroke: a population based follow-up study. PLoS ONE 2012; 7: e51452. doi: 10.1371/journal.pone.
0051452 PMID: 23251538

5. Musher DM, Rueda AM, Kaka AS, Marapa SM. The association between pneumococcal pneumonia
and acute cardiac events. Clin Infect Dis 2007; 45: 158. PMID: 17578773

6. Corrales-Medina VF, Suh KN, Rose G, Chirinos JA, Doucette S, Cameron DW. Cardiac complications
in patients with community-acquired pneumonia: a systematic review and meta-analysis of observa-
tional studies. PLoSMed 2011; 8: e1001048. doi: 10.1371/journal.pmed.1001048 PMID: 21738449

7. Lin TY, HuangWY, Lin JC, Lin CL, Sung FC, Kao CH, et al. Increased lung cancer risk among patients
with pneumococcal pneumonia: a nationwide population-based cohort study. Lung. 2014; 192:159–65.
doi: 10.1007/s00408-013-9523-z PMID: 24150601

8. Huang ST, Lin CL, Chang YJ, Sher YP, Wu MJ, Shu KH, et al. Pneumococcal pneumonia infection is
associated with end-stage renal disease in adult hospitalized patients. Kidney Int 2014; 86:1023–30.
doi: 10.1038/ki.2014.79 PMID: 24694991

9. Ricci Z, Cruz D, Ronco C. The RIFLE criteria and mortality in acute kidney injury: a systematic review.
Kidney Int 2008; 73:538–46. PMID: 18160961

10. Uchino S, Kellum JA, Bellomo R, Doig GS, Morimatsu H, Morgera S, et al. Acute renal failure in critically
ill patients: a multinational, multicenter study. JAMA. 2005; 294:813–8. PMID: 16106006

11. Coca SG, Yusuf B, Shlipak MG, Garg AX, Parikh CR. Long- term risk of mortality and other adverse out-
comes after acute kidney injury: a systematic review and meta-analysis. Am J Kidney Dis 2009;
53:961–73. doi: 10.1053/j.ajkd.2008.11.034 PMID: 19346042

12. Constantinescu AR, Bitzan M, Weiss LS, Christen E, Kaplan BS, Cnaan A, et al. Non-enteropathic
hemolytic uremic syndrome: causes and short-term course. Am J Kidney Dis 2004; 43: 976–982.
PMID: 15168377

13. Lee CS, Chen MJ, Chiou YH, Shen CF, Wu CY, Chiou YY. Invasive pneumococcal pneumonia is the
major cause of paediatric haemolytic-uraemic syndrome in Taiwan. Nephrology 2012; 17: 48–52. doi:
10.1111/j.1440-1797.2011.01500.x PMID: 21777347

14. Langenberg C, Bagshaw SM, May CN, Bellomo R. The histopathology of septic acute kidney injury: a
systematic review. Crit Care 2008; 12:R38. doi: 10.1186/cc6823 PMID: 18325092

Acute Kidney Injury in Pneumococcal Pneumonia

PLOS ONE | DOI:10.1371/journal.pone.0158501 June 30, 2016 8 / 9

http://www.ncbi.nlm.nih.gov/pubmed/16388428
http://dx.doi.org/10.1186/cc11471
http://www.ncbi.nlm.nih.gov/pubmed/22894879
http://dx.doi.org/10.1136/thoraxjnl-2012-203106
http://www.ncbi.nlm.nih.gov/pubmed/23442364
http://dx.doi.org/10.1371/journal.pone.0051452
http://dx.doi.org/10.1371/journal.pone.0051452
http://www.ncbi.nlm.nih.gov/pubmed/23251538
http://www.ncbi.nlm.nih.gov/pubmed/17578773
http://dx.doi.org/10.1371/journal.pmed.1001048
http://www.ncbi.nlm.nih.gov/pubmed/21738449
http://dx.doi.org/10.1007/s00408-013-9523-z
http://www.ncbi.nlm.nih.gov/pubmed/24150601
http://dx.doi.org/10.1038/ki.2014.79
http://www.ncbi.nlm.nih.gov/pubmed/24694991
http://www.ncbi.nlm.nih.gov/pubmed/18160961
http://www.ncbi.nlm.nih.gov/pubmed/16106006
http://dx.doi.org/10.1053/j.ajkd.2008.11.034
http://www.ncbi.nlm.nih.gov/pubmed/19346042
http://www.ncbi.nlm.nih.gov/pubmed/15168377
http://dx.doi.org/10.1111/j.1440-1797.2011.01500.x
http://www.ncbi.nlm.nih.gov/pubmed/21777347
http://dx.doi.org/10.1186/cc6823
http://www.ncbi.nlm.nih.gov/pubmed/18325092


15. Langenberg C, Bellomo R, May C, Wan L, Egi M, Morgera S. Renal blood flow insepsis. Crit Care 2005;
9:R363–74. PMID: 16137349

16. Alobaidi R, Basu RK, Goldstein SL, Bagshaw SM. Sepsis-associated acute kidney injury. Semin
Nephrol 2015; 35:2–11. doi: 10.1016/j.semnephrol.2015.01.002 PMID: 25795495

17. Prowle JR, Bellomo R. Sepsis-associated acute kidney injury: macrohemdynamic and microhemody-
namic alterations in the renal circulation. Semin Nephrol 2015; 35:64–74. doi: 10.1016/j.semnephrol.
2015.01.007 PMID: 25795500

18. Emlet DR, Shaw AD, Kellum JA. Sepsis-associated AKI: Epithelial cell dysfucntion. Semin Nephrol
2015. 35:85–95. doi: 10.1016/j.semnephrol.2015.01.009 PMID: 25795502

19. Verma SK, Molitories B. Renal endothelial injury and microvascular dysfunction in acute kidney injury.
Semin Nephrol 2015; 35:96–107. doi: 10.1016/j.semnephrol.2015.01.010 PMID: 25795503

20. Tuomanen EI, Austrian R, Masure HR. Pathogenesis of pneumococcal infection. N Engl J Med 1995;
332:1280. PMID: 7708073

21. Panichi V, Migliori M, De Pietro S, Taccola D, Bianchi AM, Giovannini L, et al. C-reactive protein and
interleukin-6 levels are related to renal function in predialytic chronic renal failure. Nephron 2002; 91:
594–600. PMID: 12138260

22. Ficek R, Kokot F, Chudek J, Adamczak M, Ficek J, Wiecke A. Plasma concentrations of tumor necrosis
factor alpha may predict the outcome of patients with acute renal failure. Kidney Blood Press Res 2006;
29: 203–209. PMID: 16960458

23. Bani-Hani AH, Campbell MT, Meldrum DR, Meldrum KK. Cytokines in epithelial mesenchymal transi-
tion: a new insight into obstructive nephropathy. J Urol 2008; 180: 461–468. doi: 10.1016/j.juro.2008.
04.001 PMID: 18550128

24. Wittenhagen P, Kronborg G, Weis N, Nielsen H, Obel N, Pedersen SS, et al. The plasma level of solu-
ble urokinase receptor is elevated in patients with Streptococcus pneumoniae bacteraemia and pre-
dicts mortality. Clin Microbiol Infect 2004; 10: 409–415. PMID: 15113317

25. Himmelfarb J. Acute kidney injury in the elderly: problems and prospects. Semin Nephrol. 2009;
29:658–64 doi: 10.1016/j.semnephrol.2009.07.008 PMID: 20006798

Acute Kidney Injury in Pneumococcal Pneumonia

PLOS ONE | DOI:10.1371/journal.pone.0158501 June 30, 2016 9 / 9

http://www.ncbi.nlm.nih.gov/pubmed/16137349
http://dx.doi.org/10.1016/j.semnephrol.2015.01.002
http://www.ncbi.nlm.nih.gov/pubmed/25795495
http://dx.doi.org/10.1016/j.semnephrol.2015.01.007
http://dx.doi.org/10.1016/j.semnephrol.2015.01.007
http://www.ncbi.nlm.nih.gov/pubmed/25795500
http://dx.doi.org/10.1016/j.semnephrol.2015.01.009
http://www.ncbi.nlm.nih.gov/pubmed/25795502
http://dx.doi.org/10.1016/j.semnephrol.2015.01.010
http://www.ncbi.nlm.nih.gov/pubmed/25795503
http://www.ncbi.nlm.nih.gov/pubmed/7708073
http://www.ncbi.nlm.nih.gov/pubmed/12138260
http://www.ncbi.nlm.nih.gov/pubmed/16960458
http://dx.doi.org/10.1016/j.juro.2008.04.001
http://dx.doi.org/10.1016/j.juro.2008.04.001
http://www.ncbi.nlm.nih.gov/pubmed/18550128
http://www.ncbi.nlm.nih.gov/pubmed/15113317
http://dx.doi.org/10.1016/j.semnephrol.2009.07.008
http://www.ncbi.nlm.nih.gov/pubmed/20006798

