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Abstract

Objective: We evaluated the effect of chronic use of statins based on C-reactive protein
(CRP) levels and hospital length of stay (LOS) in patients admitted with community-acquired
pneumonia (CAP).

Methods: We conducted a retrospective study over 12 months at a teaching hospital in Lebanon
comparing patients with CAP taking chronic statins with patients not taking statins.
Included patients with CAP were older than age 18 years and had two CRP level measures
during hospitalization. CURB-65 criteria were used to assess the severity of pneumonia.
A decrease in CRP levels on days | and 3, LOS, and normalization of fever were used to
assess the response to antibiotics.

Results: Sixty-one patients were taking statins and 90 patients were not taking statins. Patients
on statins had significantly more comorbid conditions; both groups had comparable CURB-65
scores. In both groups, no statistically significant difference was seen for the decrease in CRP
level on days | and 3 and LOS. No difference in days to normalization of fever was detected in
either group.

Conclusion: No association was found between the chronic use of statins and CRP levels, LOS,
or days to fever normalization in patients with CAP.
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Introduction

Community-acquired pneumonia (CAP) is
a leading cause of morbidity and mortality
worldwide.! CAP is considered the most
common infection leading to hospitaliza-
tion." Since the introduction of antibiotics
in the 1950s, the overall mortality owing to
CAP has decreased substantially, but it has
remained constant over the past 50 years.>
Although an effective inflammatory and
immune response is essential in eradicating
microorganisms, an excessive increase in
proinflammatory markers and immunolog-
ical response, as well as endothelial dys-
function, are predictive factors of poor
outcomes and treatment failure in patients
diagnosed with CAP.? The systemic eleva-
tion of cytokine levels in specific circum-
stances may lead to acute lung injury,
acute respiratory distress syndrome, or
septic shock. Competitive inhibitors of
3-hydroxy-3-methylglutaryl coenzyme A
reductase, or statins, are lipid-lowering
agents widely prescribed for the prevention
and treatment of cardiovascular disease.
The pleiotropic effects of statins, which
include anti-inflammatory, anti-oxidative,
and immunomodulatory regulation effects,
suggest the possibility of their use in infec-
tious diseases.* These effects are attributed
to decreased production of isoprenoid mol-
ecules owing to the inhibition of mevalonic
acid synthesis. Consequently, intracellular
signaling molecules such as Ras, Rap,
Rho, and Rab cannot act as messengers,
resulting in a moderated cellular inflamma-
tory response.* The decrease in the produc-
tion of inflammatory cytokines and

C-reactive protein (CRP) levels, together
with the effects on neutrophil activity and
chemotaxis and improvement in vascular
function, may explain the potential benefi-
cial effect of statins in CAP.*° Statins can
also decrease systemic levels of tissue necro-
sis factor (TNF) and interleukin (IL)-6,
which may have additive beneficial anti-
inflammatory effects.” In addition; the
effects of statins are dose dependent, so
the optimal intensity must be determined.
Recently, several studies have evaluated
the postulated favorable effect of statin
use in CAP, albeit with conflicting results;
therefore, further studies are needed to eval-
uate the use of statins in CAP.5'°

The objective of this study was to evaluate
antibiotic response based on CRP levels, hos-
pital length of stay (LOS), and days to nor-
malization of fever in patients admitted with
CAP, and based on chronic statin therapy
among those patients receiving treatment
for CAP without being on statin therapy.

Patients and methods

General study design

We conducted a retrospective observational
study, including patients receiving chronic
statins in comparison with those who were
not on statins. This study was completed
over 12 months (June 2016 through
June 2017) at the Lebanese American
University Medical Center—Rizk Hospital, a
tertiary care teaching hospital in Beirut. A
list of all patients with a diagnosis of CAP
during 2014 and 2015 was retrieved from the
medical records department. The patient list
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was cross-checked with the laboratory to
identify patients with CAP who had a mini-
mum of two CRP levels measured during
hospitalization. The endpoints were CRP
levels for patients with chronic use of statins
and those who did not use statins. We eval-
uated LOS in addition to CRP levels.

Data collection process

Patients were included in the study if they:
1) were inpatients older than 18 years of
age, admitted with a CAP diagnosis
during 2014 and 2015, 2) had two CRP
levels measured on different days during
their hospitalization, the first one preferably
on the day of admission and the second
within 72 hours. Patients were excluded if
they did not meet the inclusion criteria.
Therefore, included patients were those
who met the inclusion criteria whether
they were admitted to a medical ward or
intensive care unit.

We collected data of patient demo-
graphics, LOS, medical history, and comor-
bidities including history of drug resistance,
surgical history, and current infection infor-
mation including culture results, CURB-65
(confusion of new onset, blood urea nitrogen
greater than 7mmol/L or 19 mg/dL, respira-
tory rate of 30 breaths per minute or greater,
systolic blood pressure less than 90 mmHg
or diastolic blood pressure 60 mmHg or
less, and age of 65 or older) score, antibiotics
used including macrolides, chronic intake
of statins, current medication intake, CRP
level, erythrocyte sedimentation rate,
white blood cell differentials, liver function
tests when available, and temperature.
Temperature normalization was recorded,
defined as temperature <37.1°C."!

Ethics approval

This study was approved by the institution-
al review board of the Lebanese American
University. This was a retrospective study

in which no patient informed consent was
needed.

Sample size calculation and statistical
analysis

For a two-tailed study, with alpha=0.05
and a power of 80%, 116 patients (58 in
each group) were needed to detect a differ-
ence in CRP."?

An individual who was independently
trained in the data collection tool complet-
ed data entry. Descriptive statistics were
calculated for all study variables, including
the mean and standard deviation for con-
tinuous measures, and frequency and per-
centage for categorical variables. The Cox
regression method was used to calculate the
days to fever normalization in both groups;
CURB-65 and macrolides were taken as
confounders. IBM SPSS version 22.0 was
used for all statistical analysis (IBM
Corp., Armonk, NY, USA).

Results

A total of 151 patients were included in the
final analysis, 61 in the group taking statins
and 90 in the group not taking statins. Mean
age was 74 years in the statins group and
71.4 years in the non-statins group.

There were 61 (40%) female patients.
Patients” baseline characteristics with
respect to age, weight, and height did not
differ between groups. Comorbidities such
as diabetes, dyslipidemia, hypertension, and
renal insufficiency requiring dialysis were
more prevalent in patients chronically
taking statins than in those who were not
taking statins (Table 1). However, patients
in both groups had similar proportions of
other comorbidities such as congestive
heart failure, chronic obstructive pulmo-
nary disease, asthma, or gastroesophageal
reflux disease, in addition to similar pneu-
monia severity based on the CURB-65 cri-
teria. It is worth highlighting that macrolide
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Table |I. Patient characteristics and comorbidities for those taking statins and not taking statins.

Patients taking

Patients not

statins taking statins p-value®

Patient characteristics (N=6l) (N =90) (95% Cl)
Age (years £SD) 74.07 £10.40 71.40£20.01 0.29 (—7.59 to 2.265)
Weight (kg & SD) 71.04 £ 15.44 74.02 £ 14.69 0.31 (—2.82 to 8.78)
Height (cm £ SD) 161 £9.71 165+10.32 0.16 (—1.54 to 9.42)
Length of stay (days & SD) 8.82 1+ 6.65 8.44+4.05 0.67 (—2.11 to 1.36)
CURB-65 1.93+0.91 1.7+ 1.0l 0.152 (—0.56 to 0.09)
Comorbidities, n (%)

Dialysis 3 (0.05%) 0 0.03

Hypertension 50 (81.96%) 46 (50.5%) “0.001

Dyslipidemia 39 (63.93%) 13 (14.28%) “0.001

Diabetes mellitus 27 (44.26%) 23 (25.27%) 0.02

CHF 12 (19.67%) 20 (21.97%) 0.71

Asthma 4 (6.55%) 3 (3.29%) 0.36

COPD 12 (19.67%) 16 (17.58%) 0.77

GERD 4 (6.55%) 4 (4.39%) 0.58

Seizure 0 I (1.09%) 0.41

CKD 10 (16.39%) 8 (8.79) 0.16

Depression 2 (3.27%) 2 (2.19%) 0.70

Constipation 0 I (1.09%) 0.41

Parkinson disease 0 3 (3.29%) 0.15

Alzheimer disease 2 (3.27%) 4 (4.39%) 0.72

Cancer 8 (13.11%) 13 (14.28%) 0.82

History of ESBL 2 (3.27%) 3 (3.29%) 0.99

Macrolide intake 33 (54.09%) 30 (33.33%) 0.048

?p-value based on Pearson chi-square.

SD: standard deviation; Cl: confidence interval; CHF: congestive heart failure; COPD: chronic obstructive pulmonary

disease; GERD: gastroesophageal reflux disease; CKD: chronic kidney disease; ESBL: extended spectrum beta-lactamase;
CURB-65: confusion of new onset, blood urea nitrogen greater than 7 mmol/L or 19 mg/dL, respiratory rate of 30 breaths
per minute or greater, systolic blood pressure less than 90 mmHg or diastolic blood pressure 60 mmHg or less, and age of

65 or older.

intake was significantly different between
those who took statins and those who did
not (p=0.04) (Table 2). The mean hospital
LOS was 8.82 4+ 6.65 days for patients who
were on statins and 8.44 +£4.05 days for
those who were not on statins. In terms of
CRP levels, based on a Sig (two-tailed)
independent sample test where an equal
variance was assumed, there was no signif-
icant difference in CRP levels on either day
1 or day 3 in patients receiving or not
receiving statins. On day 1, patients receiv-
ing statins had a mean CRP of 21.10 £
29.98 mg/L in comparison with patients

not receiving statins (mean 17.48 4-13.40,
95%  confidence interval (CI): —10.72 to
3.47). On day 3, the mean CRP level
decreased in both groups in comparison
with day 1; however, there was no signifi-
cant difference between patients taking and
those not taking statins (6.51 £+ 5.85mg/L
versus 8.48 +15.93mg/L, 95% CI: —2.24
to 6.18).

CURB-65 and macrolides were used as
confounders. There was no significant
difference between the two groups; how-
ever, CURB-65 was significant (p =0.008)
(Table 3).
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Table 2. CURB-65 criteria for patients taking statins and not taking statins.

CURB-65 criteria Patients on statins (N=61) Patients not on statins (N =90) p-value®
RR >30bpm, n (%) 7 (11.47%) I (12.22%) 0.89
SBP <90 mmHg or DBP 9 (14.75%) 10 (11.11%) 0.51

<60 mmHg, n (%)

Confusion, n (%) 7 (11.47%) 9 (10%) 0.77
BUN >20mg/dL, n (%) 44 (72.13%) 58 (64.44%) 0.32
Age >65 years, n (%) 51 (85%) 65 (72.22%) 0.12

?p-value based on Pearson chi-square.

RR: respiratory rate; SBP: systolic blood pressure; DBP: diastolic blood pressure, BUN: blood urea nitrogen; CURB-65:
confusion of new onset, blood urea nitrogen greater than 7 mmol/L or |9 mg/dL, respiratory rate of 30 breaths per minute
or greater, systolic blood pressure less than 90 mmHg or diastolic blood pressure 60 mmHg or less, and age of 65 or older.

Table 3. Days to normalization, Cox regression enter method.

Variable Adjusted odds ratio 95% confidence interval p-value
Statins 0.724 0.290-1.80 0.488
CURB-65 0.504 0.30-0.835 0.008
Macrolides 2.176 0.810-5.848 0.123

CURB-65: confusion of new onset, blood urea nitrogen greater than 7 mmol/L or 19 mg/dL, respiratory rate of 30 breaths
per minute or greater, systolic blood pressure less than 90 mmHg or diastolic blood pressure 60 mmHg or less, and age of

65 or older.

Discussion

In this retrospective study, we did not iden-
tify a positive impact on either inflammato-
ry response measured using CRP or days to
normalization of fever and LOS between
patients taking and those not taking statins.
These findings are controversial in the relat-
ed published studies. The measured clinical
outcomes have been either 30-day mortali-
ty, LOS, inflammatory mediators, intensive
care unit admission owing to pneumonia, or
a combination of outcomes. For instance, a
nested study within EPIC, a larger multi-
center, prospective surveillance study
assessing incidence and etiology of CAP,
evaluated the effect of statins on hospital
LOS and in-hospital mortality among
patients admitted for CAP.'" Similar to
our study, statins had to be continued
throughout hospitalization for patients to
be included. That study did not find

statistical significance regarding LOS or
mortality rates.'® Two additional observa-
tional studies showed that statins did not
reduce either the risk of CAP in immuno-
competent older patients or the mortality
rate or intensive care admissions owing
to pneumonia.'*'* Another retrospective
cohort study showed that patients who
were started on statins prior to admission
for CAP had a substantial reduction in
30-day mortality, by 64%.° However, it is
important to note that this study was con-
ducted at a Veterans Affairs hospital with
mostly male participants and missing data
stated as a limitation.” Furthermore, a sys-
tematic review and meta-analysis concluded
that statin use is associated with a favorable
effect in both the prevention and treatment
of CAP."® The risk of CAP development
and mortality was significantly decreased.
However, the meta-analysis had limitations
related to the observational design of the
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included studies, their heterogeneity, and
publication bias.

The effect of statins on clinical outcomes
in patients with CAP was measured in a pro-
spective observational study.'® The investiga-
tors found a significant decrease in 30-day
mortality and a decrease in the development
of complicated pneumonia among patients
receiving statins.'® Moreover, the effect of
simvastatin on inflammatory cytokines
(TNF-o, IL-6, and IL-10) in CAP was stud-
ied in a randomized double-blind placebo-
controlled trial.'? Patients were randomly
assigned to receive either simvastatin 20 mg
or placebo in the first 24 hours of admission
and continued for 4 days during hospitaliza-
tion. No detection of a significant decrease in
the level of inflammatory cytokines was
noted, and there was no reduction in the
time to clinical improvement among older
patients hospitalized for CAP.'? In addition,
atorvastatin was prospectively compared
with placebo among patients in intensive
care with pneumonia, among other infections
treated. The researchers looked at the con-
centrations of inflammatory markers, specif-
ically IL-6 and CRP level. No significant
difference between atorvastatin and placebo
was detected.!” Furthermore, a recent nested-
control study using a large research database
in Taiwan looked at patients admitted with
myocardial infarction in whom statin thera-
py was initiated. The results showed that
patients in the statins group had a significant-
ly decreased risk of pneumonia; patients who
were not receiving prior statin therapy had
the greatest benefit.'®

It is important to note that no standard
statin therapy was used in the studies
mentioned above to compare the anti-
inflammatory effect of statins on the end-
points, including inflammatory cytokines.
In our study, the dose of statins differed
among patients. Statins used by patients
were pravastatin, simvastatin, atorvastatin,
rosuvastatin, and pitavastatin. Most patients
taking atorvastatin received a dose of 10 to

20 mg whereas those on pravastatin received
a dose of 20 to 40 mg and those on rosuvas-
tatin received a dose of 5 to 10 mg; all doses
were in the clinically recommended range.
A randomized double-blind placebo-
controlled trial assessing the effects of
statin therapy on inflammatory cytokines
in patients with bacterial infection showed
a reduction in the inflammatory cytokine
levels. The statin regimen was 40 mg simva-
statin followed by 20mg."” Further, as pre-
viously mentioned, a considerable number of
patients in both groups were taking macro-
lides. Macrolides exert anti-inflammatory
activity inhibiting the production of inflam-
matory cytokines such as IL-8, altering
leukocyte function, apoptosis and mucus
production.?® Although there was a statisti-
cally significant difference between the
number of patients who were taking macro-
lides in the two groups, this did not impact
CRP normalization, which could be owing
to the study being underpowered.

The limitations of this study are as fol-
lows. First, this was a retrospective obser-
vational study in which randomization was
not possible; the investigators used inflam-
matory indicators that were previously
measured, such as CRP. Second, CRP
levels were not taken at standardized
times, as in a prospective trial. Third, the
dose of statins was not standardized;
patients were on different medically appro-
priate doses. Such variation in doses does
not allow for assessment of the anti-
inflammatory role of statins based on the
agent and strength used. However, this
study was not powered to detect the anti-
inflammatory effect of different statin
doses. Finally, this study was underpowered
to assess the clinical endpoints.

Conclusion

We did not find an association between the
chronic use of statins as anti-inflammatory
agents and CRP levels, days to normalization
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of fever, and hospital LOS in patients admit-
ted with CAP.

Declaration of conflicting interest

The authors declare that there is no conflict of
interest.

Funding

This research received no specific grant from any
funding agency in the public, commercial, or
not-for-profit sectors.

ORCID iDs

Hanine Mansour (@ https://orcid.org/0000-
0001-6383-0288

Wissam K Kabbara (® https://orcid.org/0000-
0002-7310-9192

Nibal Chamoun (® https://orcid.org/0000-0002-
0987-296X

References
1. Mandell LA, Wunderink RG, Anzueto A,
et al. Infectious Disease Society of

America/American Thoracic Society consen-
sus guidelines on the management of
community-acquired pneumonia in adults.
Clin Infect Dis 2007; 44: S27-S72.

2. Torres A and Rello J. Update in
Community-acquired and  Nosocomial
Pneumonia. AJRCCM 2010; 181: 782-787.

3. Menendez R, Cavalcanti M, Reyes S, et al.
Markers of treatment failure in hospitalised
community acquired pneumonia. Thorax
2008; 63: 447-452.

4. Almog Y. Statins, inflammation, and sepsis:
hypothesis. Chest 2003; 124: 740-743.

5. Viasus D, Garcia-Vidal C, Gudiol F, et al.
Statins for community-acquired pneumonia:
current state of the science. Eur J Clin
Microbiol Infect Dis 2010; 29: 143-152.

6. Troeman D, Postma D, Van Werkhoven C,
et al. The immunomodulatory effects of sta-
tins in community-acquired pneumonia: a
systematic review. J Infect 2013; 67: 93-101.

7. Batais MA, Khan AR and Bin Abdulhak
AA. The Use of Statins and Risk of
Community-Acquired Pneumonia. Curr
Infect Dis Rep 2017; 19: 26.

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Chalmers J, Short P, Mandal P, et al. Statins

in community acquired pneumonia: evidence
from experimental and clinical studies.
Respir Med 2010; 104: 1081-1091.

. Mortensen EM, Restrepo MI, Anzueto A,

et al. The effect of prior statin use on 30-
day mortality for patients hospitalized with
community-acquired pneumonia. Respir Res
2005; 6: 82.

Havers F, Bramley AM, Finelli L, et al. Statin
Use and Hospital Length of Stay Among
Adults Hospitalized With Community-
acquired Pneumonia. Clin Infect Dis 2016;
62: 1471-1478.

Tsaganos T, Tseti IK, Tziolos N, et al.
Randomized, controlled, multicentre clinical
trial of the antipyretic effect of intravenous
paracetamol in patients admitted to hospital
with infection. Br J Clin Pharmacol 2017; 83:
742-750.

Viasus D, Garcia-Vidal C, Simonetti A, et al.
The effect of simvastatin on inflammatory
cytokines in community-acquired pneumo-
nia: a randomised, double-blind, placebo-
controlled trial. BMJ Open 2015; 5: €006251.
Dublin S, Jackson M, Nelson J, et al. Statin
use and risk of community acquired pneu-
monia in older people: population based
case-control study. BMJ 2009; 338: b2137.
Majumdar SR, McAlister FA, Eurich DT,
et al. Statins and outcomes in patients
admitted to hospital with community
acquired pneumonia: population based pro-
spective cohort study. BMJ 2006; 333: 999.
Khan AR, Riaz M, Bin Abdulhak AA, et al.
The Role of Statins in Prevention and
Treatment of  Community  Acquired
Pneumonia: a Systematic Review and Meta-
Analysis. PLoS One 2013; 8: €52929.
Chalmers JD, Singanayagam A, Murray MP,
et al. Prior statin use is associated with
improved outcomes in community-acquired
pneumonia. Am J Med 2008; 121: 1002-1007.
Kruger P, Bailey M, Bellomo R, et al. The
ANZ-STATInS investigators-ANZICS clin-
ical trials group. A multicenter randomised
trial of atorvastatin therapy in intensive care
patients with severe sepsis. Am J Respir Crit
Care Med 2013; 187: 743-750.

Lin CF, Chang YH, Liu JC, et al. Statin
use associated with a reduced risk of


https://orcid.org/0000-0001-6383-0288
https://orcid.org/0000-0001-6383-0288
https://orcid.org/0000-0001-6383-0288
https://orcid.org/0000-0002-7310-9192
https://orcid.org/0000-0002-7310-9192
https://orcid.org/0000-0002-7310-9192
https://orcid.org/0000-0002-0987-296X
https://orcid.org/0000-0002-0987-296X
https://orcid.org/0000-0002-0987-296X

Journal of International Medical Research

19.

pneumonia requiring hospitalization in
patients with myocardial infarction: a
nested case-control study. BMC Cardiovasc
Disord 2016; 16: 24.

Novack V, Eisinger M, Frenkel A, et al. The
effects of statin therapy on inflammatory
cytokines in patients with bacterial infec-
tions: a randomized double-blind placebo

20.

controlled trial. Intensive Care Med 2009;
35: 1225-1260.

Amsden GW. Anti-inflammatory effects of
macrolides—an underappreciated benefit in
the treatment of community-acquired respira-
tory tract infections and chronic inflammato-
ry pulmonary conditions? J Antimicrob
Chemother 2005; 55: 10-21.



	table-fn1-0300060520938586
	table-fn2-0300060520938586
	table-fn3-0300060520938586
	table-fn4-0300060520938586
	table-fn5-0300060520938586

