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ABSTRACT
Objective  To characterise the potential association 
of hyperlipidaemia (HLP) versus no HLP with all-cause 
mortality among patients hospitalised for pneumonia.
Design  Propensity score matched retrospective study.
Participants  The study cohort consisted of consecutive 
8553 adults hospitalised at a large academic centre with 
a discharge diagnosis of pneumonia from 1996 through 
2015, followed until death or end of the study period, 17 
August 2017.
Outcomes  The outcome was HR for mortality at 28 days 
and in the long term in patients with pneumonia with 
concurrent HLP compared with those with no HLP. We 
first constructed multivariable Cox proportional regression 
models to estimate the association between concurrent 
HLP versus no HLP and mortality after pneumonia 
hospitalisation for the entire cohort. We then identified 
1879 patients with pneumonia with concurrent HLP and 
propensity score matched in a 1:1 ratio to 1879 patients 
with no HLP to minimise the imbalance from measured 
covariates for further analysis.
Results  Among 8553 unmatched patients with 
pneumonia, concurrent HLP versus no HLP was 
independently associated with lower mortality at 28 days 
(HR 0.52, 95% CI 0.41 to 0.66) and at a median follow-
up of 3.9 years (HR 0.75, 95% CI 0.70 to 0.80). The risk 
difference in mortality was consistent between 1879 
propensity score matched pairs both at 28 days (HR 0.65, 
95% CI 0.49 to 0.86) and at a median follow-up of 4 years 
(HR 0.88, 95% CI 0.81 to 0.96). In the subgroup of patients 
with clinically measured low-density lipoprotein cholesterol 
(LDL-C), graded inverse associations between LDL-C levels 
and mortality were found in both unmatched and matched 
cohorts.
Conclusions  Among hospitalised patients with 
pneumonia, a diagnosis of HLP is protective against both 
short-term and long-term risk of death after adjustment 
for other major contributors to mortality in both unmatched 
and propensity score matched cohorts. These findings 
should be further investigated.

INTRODUCTION
Hyperlipidaemia (HLP) is a major modifiable 
risk factor for the development of atheroscle-
rotic cardiovascular disease in the general 

population,1–3 and lipid-lowering by statin 
therapy decreases the risk of cardiovascular 
mortality.4–7 In clear distinction from the 
general population where low-density lipo-
protein cholesterol (LDL-C) increases cardi-
ovascular risk, elevated serum cholesterol is 
increasingly related to reduced morbidity and 
mortality in patients with sepsis from diverse 
conditions. Early experimental studies found 
that LDL promotes clearance of bacterial 
toxins and therefore may be advantageous 
in patients with sepsis and some other condi-
tions.8 9 Notably, studies on LDL receptor and 
apolipoprotein E knockout mice provided 
support to the concept that circulating lipopro-
teins prevent or attenuate the consequences 
of sepsis through binding to or neutralising 
bacterial toxins such as lipopolysaccharides 
of Gram-negative bacteria.10 11 In agreement 
with these findings, hypolipidaemic mice 
models compared with the wild-type controls 
with normal lipid levels showed an increase 
in lipopolysaccharide-induced mortality.12 
Consequently, several clinical studies exam-
ined the association between LDL-C levels 
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and mortality from diverse infections and sepsis and the 
results were contradictory. A series of studies suggested 
that HLP reduces the risk of incident infection13 14 and 
sepsis13 15 and promotes favourable clinical outcome after 
certain infective conditions.16 17 Conversely, lower LDL-C 
concentration was associated with increased incidence of 
community-acquired sepsis,14 15 18 increased rates of death 
from pneumonia17 and poor clinical outcomes in patients 
with sepsis.14 15 Although the data from these observa-
tional studies may suggest a direct effect of LDL-C on inci-
dent sepsis and its outcome, unmeasured confounders 
might be of concern for biased effect. Accordingly, a 
large observational study found that low LDL-C level was 
associated with increased risk of sepsis and sepsis-related 
intensive care unit hospitalisation when the data were 
unadjusted, but no significant association when analyses 
were accounted for demographics and several comorbid-
ities.19 Contradicting these observations, several other 
reports alluded that low level of LDL-C not only predicts 
increased risk of incident sepsis but is also associated with 
poor clinical outcome after diverse infectious conditions, 
even when adjusted for known confounders.14 15 17 18

It is important to clearly understand the association 
between HLP and acute infective conditions because 
current guidelines recommend reduction of LDL-C 
concentration to much lower levels for secondary prophy-
laxis against cardiovascular events.20

The primary objective of the present study was to assess 
both short-term and long-term risk of death from any 
cause among hospitalised patients with pneumonia who 
had concurrent HLP compared with those with no HLP. 
The secondary objective was to seek the direct association 
between LDL-C level and mortality to overcome provider 
- bias in documenting HLP as a secondary diagnosis on 
admission. To perceive this we collected data on LDL-C 
clinically measured within the preceding 180 days of 
admission. We used both initial unmatched cohort and 
propensity score matched groups to define how demo-
graphics, clinical characteristics and year of hospitalisa-
tion impact the association between HLP and mortality 
from pneumonia.

METHODS
Study population and data collection
The study cohort comprised of consecutive adults aged 
≥18 years hospitalised at Mayo Clinic from 1 August 1996 
to 17 September 2015 with primary discharge diagnosis of 
pneumonia. Discharge diagnoses were identified by the 
International Classification of Diseases, Ninth Revision, Clin-
ical Modification (ICD-9-CM) codes (480.0, 481.0, 482.0, 
483.0, 484.0, 485.0, 486.0 and 487.0). These diagnostic 
codes have high positive predictive value for identifica-
tion of pneumonia.21 Demographics, clinical character-
istics, 20 US Department of Health and Human Services 
designated comorbidities, LDL-C levels, statin use and 
mortality data were all extracted from the Mayo Clinic 
inpatient database by professional data abstractionists. 

Further details of data extraction are published else-
where.22 We excluded patients who refused participa-
tion in clinical trials and those outside the Mayo Clinic 
catchment areas. Mayo Clinic has one of the oldest and 
most advanced medical record systems in the USA and its 
electronic medical records provide comprehensive infor-
mation on patient characteristics. Patient-provided infor-
mation is constantly updated at every clinic or hospital 
visit at its main Rochester campus and at the network of 
clinics and hospitals across more than 60 communities in 
the states of Iowa, Minnesota and Wisconsin.

Ascertainment of comorbid conditions
We focused on a panel of 20 comorbid conditions (CCs) 
defined by the Department of Health and Human 
Services23 identified by Clinical Classifications Software 
codes developed by the US Healthcare Cost Utilization 
Project. These CCs are among the most common long-
term conditions and most likely to persist indefinitely. 
CCs with prevalence <3% were excluded from analysis.

Ascertainment of HLP and statin use
Details about ascertainment of HLP have been described 
in our previous publications.24 25 In brief, HLP was defined 
as provider-documented pre-existing diagnosis or a new 
in-hospital diagnosis based on LDL-C level ≥100 mg/dL 
during index hospitalisation or within the preceding 6 
months. Similarly, the diagnosis of ‘no hyperlipidaemia’ 
was assigned to those with no provider documentation of 
pre-existing HLP on admission. Patients with pre-existing 
diagnosis of no HLP were reclassified as hyperlipidaemic 
based on available LDL-C. The physician-reported diag-
nosis of HLP at baseline was presumably based on then 
clinical practice in accordance with the National Choles-
terol Education Program Expert Panel on Detection, 
Evaluation and Treatment of High Blood Cholesterol in 
Adults (Adult Treatment Panel III).26 Although we relied 
mainly on physician-reported diagnosis of HLP with 
potential provider-reported bias, cardiovascular comor-
bidities are generally considered as most reliably coded 
conditions in administrative data.27 LDL-C was measured 
indirectly by the Friedewald method.28 Published reports 
confirmed that lipid panel measured during the first 24 
hours after an acute cardiovascular event reliably repre-
sents baseline level.29 Statin use was evaluated based on 
medication reconciliation at the time of discharge.

Ascertainment of mortality
All deaths occurring from admission to the end of the 
study period, 17 August 2017, were abstracted. Mortality 
data at Mayo Clinic were constantly updated in patients’ 
electronic medical records by primary care providers 
across the main campus and its network of clinics and 
hospitals. At the time of data analysis, Minnesota all-
cause electronic death certificate data were current to 31 
December 2018.
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Statistical analysis
All statistical analyses were performed using SAS V.9.4. 
The significance threshold was a two-tailed p value of 
≤0.05 for all statistical tests. Descriptive statistics were 
summarised as mean, SD, median and IQR for contin-
uous variables and frequencies with percentages for cate-
gorical variables.

Propensity score analysis
We assembled propensity score matched pairs of patients 
with pneumonia to minimise the imbalance from meas-
ured baseline covariates between patients with concurrent 
HLP and those with no HLP. The matched groups were 
balanced for age, gender, ethnicity, length of hospital 
stay (LOS), comorbidities (coronary artery disease 
(CAD), cancer, chronic kidney disease (CKD), chronic 
obstructive pulmonary disease (COPD), diabetes, heart 
failure, hypertension and stroke), statin prescription on 
discharge and year of hospitalisation (table 1). Propensity 
scores were estimated using logistic regression (PROC 
PSMATCH in SAS V.9.4). One-to-one nearest neighbour 
calliper matching was used to match patients based on 
the propensity score using a calliper equal to 0.2 of the 
SD of the logit of the propensity score. Each patient in the 
study groups (HLP vs no HLP) has the same propensity 
to be allocated to either group. Standardised difference 
for each baseline characteristic was estimated to examine 
potential imbalance between HLP and no HLP groups. 
The absolute standardised difference was measured as a 
ratio of group means and the pooled SD.30

Kaplan-Meier estimates
Kaplan-Meier estimates were performed in both 
unmatched and matched cohorts, and stratified log-
rank tests were used to compare cumulative incidence of 
death at 28 days and in the longer term following hospi-
talisation for pneumonia. Separate Kaplan-Meier curves 
were generated for patients with available LDL-C data.

Multivariable Cox models
Cox proportional hazards models were performed to esti-
mate HR and 95% CI for all-cause mortality. In propen-
sity score matched cohorts, Cox regression models were 
performed with robust variance estimator to account for 
matching.

Subgroup analysis
We examined the association between quartiles of LDC-C 
and all-cause mortality in patients with pneumonia who 
had LDL-C cholesterol levels measured (as clinically 
indicated) on or within the preceding 180 days of index 
admission.

Patient and public involvement
Patients and the public were not involved in the design, 
conduct or reporting of this retrospective cohort study.

RESULTS
Baseline characteristics
Unmatched cohort
Figure 1 illustrates the Strengthening the Reporting of 
Observational Studies in Epidemiology flow diagram for 
selection of final study cohorts. The baseline characteris-
tics of the study cohorts are presented in table 1 for both 
the initial unmatched cohort and the propensity score 
matched cohort, stratified by the presence or absence of 
concurrent HLP. The final unmatched cohort consisted 
of 8553 adults with a mean age 68.9 years (SD 17.2), 
4509 (53%) men and 7506 (88%) whites. The aetiolo-
gies of pneumonia were as follows: unspecified organisms 
(n=6831, 80%), Streptococcus pneumoniae and other Strepto-
coccus species (n=425, 5%), methicillin-susceptible Staph-
ylococcus aureus (n=170, 2%), methicillin-resistant Staph-
ylococcus aureus (n=50, 0.6%), Legionella (n=42, 0.5%), 
Pseudomonas (n=163, 2%), other Gram-negative bacteria 
(n=85, 1%), other specified bacteria (n=111, 1%), other 
unspecified bacteria (n=203, 2%), influenza and parain-
fluenza (n=214, 2%), respiratory syncytial virus (n=61, 
0.7%) and other viruses (n=52, 0.6%). Compared with 
patients with pneumonia with no HLP, those with concur-
rent HLP were older, more often non-Hispanic whites 
and more likely to be prescribed statins on discharge. 
In the overall unmatched cohort, patients with HLP 
were more likely than those with no HLP to have their 
LDL-C measured during or within 6 months of hospital-
isation (77% vs 38%), essentially representing a clinical 
practice of close laboratory follow-up of patients with 
pre-existing HLP. With the exception of stroke, patients 
with HLP more frequently have had other major comor-
bidities including hypertension, CAD, diabetes mellitus, 
CKD, heart failure or cancer than those with no HLP. Of 
the entire study population, 2334 (27%) patients had a 
concurrent diagnosis of HLP on admission. Of 20 CCs 
examined, only 8 were included in the final data analysis 
for their frequency ≥3%.

Propensity score matched groups
Propensity score matching resulted in 1879 pairs of 
patients with and with no HLP. As shown in table 1, the 
imbalance in measured baseline characteristics was mini-
mised in propensity score matched groups compared 
with the unmatched cohort, with absolute standardised 
difference <0.1 for most covariates. However, residual 
imbalance persisted for LOS, heart failure and statin 
therapy.

Mortality
Adjusted HRs for mortality at 28 days and at a median 
follow-up of 3.9 years are presented in table 2.

Unmatched cohort
In the unmatched cohort, 588 patients (6.9%) died 
within 28 days after index hospitalisation for pneumonia. 
The overall mortality was 5209 over 47 839 person-years 
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or over a median follow-up of 3.9 years (IQR 1.2–8.8 
years). Cumulative all-cause mortality was significantly 
lower in patients with HLP compared with those with no 
HLP at 28 days (HLP 91/2334 (3.9%) vs 497/6219 (8%), 
log-rank p<0.0001) or at 4-year median follow-up (HLP 
1258/2334 (54%); no HLP 3951/6219 (64%), p<0.0001).

Propensity score matched groups
Mortality difference between HLP and no HLP was 
maintained among propensity score matched groups. 
Overall 2146 patients died over 19 671 person-years of 
follow-up (median 4 years; IQR 1.3–8.1 years), including 
217 patients (5.8%) who died within 28 days of hospi-
talisation. Cumulative all-cause mortality was significantly 
lower in patients with HLP compared with those with no 
HLP both at 28 days (HLP 83/1879 (4.4%) vs 134/1879 
(7.1%), log-rank p<0.0004) or at 4-year median follow-up 
(HLP 1036/1879 (55%); no HLP 1110/1879 (59%), 
p=0.0106).

Kaplan-Meier estimates
Unmatched cohort
Figures  2A and 3A display the Kaplan-Meier estimates 
of cumulative incidence of death at 28 days and in the 
longer term (range 0–20 years), respectively, in patients 
with pneumonia stratified by the presence or absence of 
HLP. Kaplan-Meier mortality curves separated soon after 
hospitalisation and remained parallel until 12 years, when 
curves converged and remained so during the remaining 
of the follow-up period. The median time to death was 
6.3 years (95% CI 5.8 to 6.9) and 5.1 years (95% CI 4.7 
to 5.4) among patients with HLP and no HLP, respec-
tively, without overlap in 95% CI. In secondary analysis 
of patients who had data on clinically measured LDL-C, a 

mortality gradient was found, with the lowest mortality in 
patients with LDL-C ≥130 mg/dL and highest mortality 
among patients with LDL-C ≤70 mg/dL (figure 3B).

Propensity score matched groups
Risk difference in mortality between HLP and no HLP 
both at 28 days and in the longer term was similar to 
those in the unmatched cohort. Kaplan-Meier mortality 
curves diverged soon after hospitalisation and remained 
parallel until 10 years into follow-up when they began 
converging (28-day mortality in figure  2B; long-term 
mortality in figure 3C). The median time to death was 
6.5 years (95% CI 6.0 to 7.3) and 5.2 years (95% CI 4.7 to 
5.8) among patients with HLP and no HLP, respectively, 
without overlap in 95% CI. Similar to secondary analysis 
data in the unmatched cohort, mortality gradient across 
LDL-C quartiles was maintained across propensity score 
matched groups (figure 3D).

Cox proportional regression models
Unmatched cohort
The multivariable Cox model estimated that the hazard 
of death from any condition was 48% lower at 28 days 
(HR 0.52, 95% CI 0.41 to 0.66, p<0.0001) and 25% lower 
in the longer term (HR 0.75, 95% CI 0.70 to 0.80) in 
patients who had concurrent HLP compared with those 
who did not. The risk difference in all-cause mortality 
between patients with HLP and those with no HLP was 
independent of age, gender, ethnicity, LOS, concurrent 
eight CCs and use of statin therapy. Except for hyper-
tension and CAD, all other CCs were identified as inde-
pendent predictors of increased mortality. In a subgroup 
of 4126 patients who had LDL-C data available, multi-
variable Cox model estimated that hazard of death from 
any condition was 33% lower (HR 0.67, 95% CI 0.59 to 
0.77, p<0.0001) in patients with the highest LDL-C quar-
tile (LDL-C ≥130 mg/dL) compared with those with the 
lowest LDL-C quartile (LDL-C <70 mg/dL) (table 2).

Propensity score matched groups
The multivariable Cox model with robust variance esti-
mator to account for matching estimated that the hazard 
of death from any condition was 35% lower at 28 days (HR 
0.65, 95% CI 0.49 to 0.86, p=0.0013) and 12% lower in 
the longer term (HR 0.88, 95% CI 0.81 to 0.96, p=0.0030) 
in patients who had concurrent HLP compared with 
those who did not. The risk difference in mortality was 
consistent across the following subgroups: male (HR 
0.86, 95% CI 0.75 to 0.96, p=0.0101), female (HR 0.91, 
95% CI 0.80 to 1.03, p=0.1330), white (HR 0.91, 95% CI 
0.83 to 0.99, p=0.0304) and non-white (HR 0.65, 95% CI 
0.46 to 0.91, p=0.0127). In a subgroup of 2306 patients 
who had LDL-C data available, multivariable Cox model 
estimated that the hazard of death from any condition 
was 20% lower (HR 0.80, 95% CI 0.68 to 0.97, p=0.0190) 
in patients with the highest LDL-C quartile (LDL-C 

Figure 1  Strengthening the Reporting of Observational 
Studies in Epidemiology flow diagram of selection of the 
final study cohort. ICD-9-CM, International Classification of 
Diseases, Ninth Revision, Clinical Modification.



6 Yousufuddin M, et al. BMJ Open Resp Res 2021;8:e000757. doi:10.1136/bmjresp-2020-000757

Open access

≥130 mg/dL) compared with those with lowest LDL-C 
quartile (LDL-C <70 mg/dL).

Subgroup definitions and analysis
To examine the effect of age on the association between 
HLP and long-term all-cause mortality, we constructed 
separate Kaplan-Meier mortality estimates and conducted 
multivariable Cox regression analysis across age groups: 
<65 years and ≥65 years. The results are presented in 
online supplemental figure 1A,B. HLP significantly 
lowered all-cause mortality following pneumonia in 
patients aged ≥65 years (log-rank p<0.0001; adjusted HR 
0.84, 95% CI 0.76 to 0.93, p=0.0005) but not in those 
aged <65 years (log-rank p=0.6889, adjusted HR 0.85, 

95% CI 0.69 to 1.03, p=0.0965). To assess the impact of 
cardiometabolic comorbidities with or with no HLP on 
postpneumonia mortality, we adopted a scheme reported 
in our previous study.31 Cardiometabolic comorbidity 
with pneumonia was defined as concurrent diabetes 
mellitus, CAD or heart failure. Overall 2080 (55%) had 
one or other concurrent cardiometabolic conditions in 
association with pneumonia. The presence of any of the 
three cardiometabolic conditions significantly increased 
all-cause mortality after hospitalisation for pneumonia, 
as shown in online supplemental figure 2A) (log-
rank p<0.0001, adjusted HR 1.36, 95% CI 1.24 to 1.49, 
p<0.0001). To determine the extent of HLP effect on the 
association between cardiometabolic comorbidity and 

Table 2  HR based on multivariable adjusted Cox regression analysis of the association of hyperlipidaemia and other 
covariates with all-cause mortality in unmatched and propensity score matched patients with pneumonia

Covariates

Unmatched cohort, n=8553 Propensity score matched cohort, n=1879

HR (95% CI) P value HR (95% CI) P value

Long-term mortality, median follow-up 3.9 years

Age 1.04 (1.03 to 1.04) <0.0001 1.04 (1.04 to 1.05) <0.0001

Male vs female 1.14 (1.07 to 1.20) <0.0001 1.12 (1.02 to 1.22) 0.0135

White vs non-white 0.90 (0.83 to 0.98) 0.0176 0.90 (0.76 to 1.06) 0.1970

Length of stay 1.02 (1.01 to 1.02) <0.0001 1.03 (1.03 to 1.04) <0.0001

Cancer vs no cancer 1.98 (1.86 to 2.01) <0.0001 1.80 (1.64 to 1.98) <0.0001

CKD vs no CKD 1.26 (1.16 to 1.37) <0.0001 1.36 (1.22 to 1.53) <0.0001

COPD vs no COPD 1.23 (1.16 to 1.30) <0.0001 1.20 (1.10 to 1.32) <0.0001

DM vs no DM 1.10 (1.03 to 1.18) 0.0040 1.16 (1.05 to 1.27) 0.0022

HLP vs no HLP 0.75 (0.70 to 0.80) <0.0001 0.88 (0.81 to 0.96) 0.0030

HF vs no HF 1.30 (1.21 to 1.40) <0.0001 1.29 (1.16 to 1.43) <0.0001

CAD 1.02 (0.95 to 1.09) 0.5572 1.06 (0.97 to 1.17) 0.1991

HTN 0.97 (0.91 to 1.02) 0.3305 0.99 (0.90 to 1.09) 0.8598

Stroke vs no stroke 1.25 (1.04 to 1.52) 0.0193 1.35 (1.06 to 1.72) 0.0135

28-day mortality from date of hospitalisation

Age 1.03 (1.03 to 1.04) <0.0001 1.03 (1.02 to 1.04) <0.0001

Male vs female 1.18 (0.99 to 1.40) 0.0517 0.92 (0.70 to 1.22) 0.5776

White vs non-white 0.53 (0.44 to 0.66) <0.0001 0.49 (0.32 to 0.74) 0.0008

Length of stay 1.03 (1.02 to 1.03) <0.0001 1.05 (1.03 to 1.07) <0.0001

Cancer vs no cancer 2.35 (1.98 to 2.79) <0.0001 2.29 (1.73 to 3.03) <0.0001

CKD vs no CKD 0.92 (0.70 to 1.20) 0.5355 1.06 (0.74 to 1.52) 0.7387

COPD vs no COPD 0.88 (0.73 to 1.06) 0.1871 0.89 (0.66 to 1.21) 0.4574

DM vs no DM 0.92 (0.74 to 1.14) 0.4602 0.78 (0.57 to 1.08) 0.1336

HLP vs no HLP 0.52 (0.41 to 0.66) <0.0001 0.65 (0.49 to 0.86) 0.0025

HF vs no HF 1.72 (1.41 to 2.08) <0.0001 1.65 (1.22 to 2.23) 0.0013

CAD 0.91 (0.73 to 1.13) 0.3926 1.05 (0.78 to 1.42) 0.7438

HTN 0.74 (0.62 to 0.88) 0.0009 0.73 (0.55 to 0.97) 0.0289

Stroke vs no stroke 1.96 (1.23 to 3.11) 0.0043 1.10 (0.51 to 2.34) 0.8086

Cox regression model was adjusted for age, sex, race, length of hospital stay and key comorbid conditions including cancer, CKD, 
CAD, COPD, DM, HF, HTN, stroke and HLP.
A robust variance estimator to account for matching was used to estimate HR in matched cohort.
CAD, coronary artery disease; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; HF, 
heart failure; HLP, hyperlipidaemia; HTN, hypertension.

https://dx.doi.org/10.1136/bmjresp-2020-000757
https://dx.doi.org/10.1136/bmjresp-2020-000757
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all-cause mortality, we conducted parallel analysis again 
using Kaplan-Meier survival estimates Cox regression 
models. We found that the joint effect of HLP with cardi-
ometabolic comorbidity was the attenuation of mortality 
difference, as presented in online supplemental figure 
2B (log-rank p<0.0001, adjusted HR 1.05, 95% CI 0.95 to 
1.16, p=0.2915).

Sensitivity analysis
Sensitivity analyses were performed by excluding (1) 
patients with no available data on body mass index and 
(2) patients with no available data on prescription statin 
on dismissal. The association between HLP and mortality 
among patients with pneumonia remained similar.

DISCUSSION
Main findings
In this large, single-centre cohort of patients hospitalised for 
pneumonia, we found that a concurrent diagnosis of HLP 
compared with no HLP was associated with lower all-cause 
mortality in the overall population and in the propensity 
score matched groups at both shorter-term (28 days) and 
longer-term (median 4 years) follow-up. First, HLP as a 
concurrent diagnosis among hospitalised patients with pneu-
monia predicted 10% fewer deaths at a median follow-up 
of 3.9 years in the entire population and 4% fewer deaths 
in propensity score matched groups at a median follow-up 
of 4 years. Second, concordant with the primary findings, 
LDL-C quartiles showed graded inverse associations with all-
cause mortality both in the entire unmatched cohort and in 
propensity score matched groups mitigating provider bias for 

the diagnosis of HLP. Furthermore the associations between, 
age, gender, ethnicity, LOS, CAD, cancer, CKD, COPD, 
diabetes, heart failure, hypertension, stroke or statin therapy 
and all-cause mortality were comparable among unmatched 
population of patients and matched groups. Third, our find-
ings were also noticeable for lower frequency of documented 
bacterial and viral infections as the cause of pneumonia 
and the aetiology remained unknown in 80% of patients 
based on their diagnostic tests, a finding broadly similar to 
a recent report from the US Centers for Disease Control32 
and a meta-analysis showing a decline in the prevalence of 
pneumococcal infection especially in the USA.33 Sociode-
mographic indicators of study population especially older 
age, lower frequency of cigarette smoking and substance use 
disorder compared with the US national average potentially 
account for these discrepant findings.

Comparative studies in the clinical context
Pneumonia is associated with excess long-term mortality 
compared with several other acute conditions requiring 
hospitalisation34 and adversely impact survival far beyond 
initial hospitalisation.35–37 Patients surviving initial hospital-
isation for pneumonia are at increased risk for subsequent 
hospitalisations and mortality as high as 50% within 5 years of 
index hospitalisation.38 In our previous report on the risk of 
comorbidities on long-term mortality after hospitalisation for 
pneumonia, we discussed that pneumonia is associated with 
excess mortality and adversely impact survival far beyond the 
initial hospitalisation.39 It is unclear why and how elevated 
cholesterol is potentially beneficial for all-cause mortality 
following hospitalisation for pneumonia. The association 
between HLP and infection-related mortality is even less 
clearly understood and is an area of great interest. Published 
data on the association of HLP and mortality from pneu-
monia are limited, and we therefore sought insights from 
studies in cardiovascular and other infectious conditions to 
give credence to our findings.

The relationship between HLP and acute myocardial 
infarction or heart failure had been extensively investi-
gated; however, the data remain inconclusive specifically 
for patients with established acute myocardial infarction 
and heart failure. Whereas randomised clinical trials espe-
cially those focused on lowering LDL-C by statins and more 
recently proprotein convertase subtilisin/kexin type 9 inhib-
itors provide compelling evidence for survival benefit with 
lowering LDL-C cholesterol, several other studies found an 
inverse association where HLP counterintuitively conferred 
an overall survival benefit in patients with established acute 
myocardial infarction40–43 and heart failure.44 In propensity 
score matched cohort studies and systematic review and 
meta-analysis, we reported a survival benefit with HLP after 
hospitalisation for acute myocardial infarction and heart 
failure.24 25 In an analysis of initial and subsequent 3-year 
cost after hospitalisation for first-ever ischaemic stroke, we 
also reported that HLP predicts a lower 3-year cost mainly 
through a reduction in rates of readmission after index 
hospitalisation.45

Figure 2  (A) Unmatched cohort (n=8553) and (B) 
propensity score matched cohort (n=1879 pairs).

https://dx.doi.org/10.1136/bmjresp-2020-000757
https://dx.doi.org/10.1136/bmjresp-2020-000757
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A number of epidemiological studies demonstrated that 
low cholesterol increases the risk of infection,14 46 and our 
findings in the present study provide evidence that the 
effects of elevated cholesterol extend far beyond acute care 
hospitalisation for pneumonia and predict a lower risk of 
death both at short-term and longer-term follow-up. Several 
studies that have examined the relationship between HLP 
and sepsis reported widely variable results. Published studies 
that examined the relationship between HLP and outcome 
from infections have largely focused on widely different 
infectious conditions. Two studies specifically examined 
the relationship between HLP and incident pneumonia 
and ensuing mortality.13 17 In these studies HLP was associ-
ated with reduced incident pneumonia and mortality.13 17 
Similar to our findings in patients with pneumonia, the asso-
ciation between low cholesterol concentration and increased 
mortality from infections has been reported for patients with 
end-stage renal disease undergoing dialysis.46–49 Likewise, 
lower serum cholesterol concentration was independently 
associated with increased mortality among patients with 
heart failure,50 cancer51 and AIDS.52 Current findings in 
pneumonia together with our previous studies focused on 
patients with acute myocardial infarction and heart failure 

provide persuasive evidence for a more favourable effect of 
HLP, compared with no HLP, on long-term clinical outcomes 
in diverse clinical conditions.24 25

Several studies suggested that statins reduce mortality 
among patients with sepsis presumably through their 
anti-inflammatory and immune modulatory effects. Over 
the past 15 years, several prospective cohort studies and 
randomised controlled clinical trials examined the effect of 
cholesterol-lowering by statins on mortality among patients 
with sepsis.53 54 The results of several meta-analyses of these 
clinical studies were inconclusive.55–61 Nevertheless, a recent 
meta-analysis of seven randomised clinical trials showed no 
benefit of statin therapy on mortality in patients with sepsis 
compared with placebo.62 Our findings, on the other hand, 
demonstrated a clear mortality benefit with statin therapy 
independent of other covariates and warrant further studies 
to validate these results.

Strengths and limitations
This study has several strengths. The large study cohorts 
and the high level of case ascertainment for incident events 
and prompt mortality update63 allowed precise estimation 

Figure 3  Kaplan-Meier mortality estimates comparing pneumonia patients with and with no concurrent hyperlipidaemia and 
by low density lipoprotein cholesterol (LDL-C) quartiles.A) unmatched original cohort patients with and with no hyperlidaemia, 
B) unmatched original cohort patients by LDL-C quartiles, C) propensity-score matched cohort patients with and with no 
hyperlidaemia, D) propensity-score matched cohort patients by LDL-C quartiles.
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of mortality risks. Other important strengths are the broad 
range of patient population and follow-up extending to 20 
years. Propensity score matching to balance observed patient 
characteristics enabled further control of potential differ-
ences. The study also has a number of important limitations 
as follows: inherent limitations of a retrospective observa-
tional design, the possibility of unmeasured confounders, 
reliance on ICD-9-CM codes to identify study cohort, Clin-
ical Classifications Software codes to assess coexisting CCs, 
ascertainment of CCs during index hospitalisation and lack 
of data on subsequent acquisition of these conditions during 
the follow-up. Our study cohorts were homogenous with 
respect to race and substantially older than those observed in 
most clinical trials, but similar to those in many epidemiolog-
ical studies. The proportion of patients with no LDL-C data 
was higher in the group with no HLP potentially due to less 
frequent measurement of lipid levels in persons with no HLP 
and may constitute an important unmeasured confounder 
since propensity score matching was not accounted for this 
variable. The pre-existing HLP and CCs were physician-
diagnosed during index hospitalisation rather than being 
assigned by study investigators. To overcome physician bias 
for the diagnosis of HLP or no HLP, we examined direct 
association between LDL-C and mortality among subgroup 
of patients who had their cholesterol levels measured on 
admission or within the preceding 6 months and the results 
were consistent. Our analysis demonstrated that the propor-
tion of patients with no LDL data was higher among patients 
with no HLP.

CONCLUSIONS
In this large, retrospective, single-centre study of real-world 
hospitalised patients with pneumonia, a concurrent diag-
nosis of HLP in hospitalised patients with pneumonia was 
protective on the subsequent short-term and long-term death 
after adjustment for other major contributors to mortality in 
both unmatched and propensity score matched cohorts. We 
sought the direct association between LDL-C levels, strat-
ified by quartiles, and mortality to overcome provider bias 
in documenting HLP as a secondary diagnosis on admis-
sion and demonstrated that LDL-C quartiles were inversely 
related to mortality. Importantly, these associations between 
HLP or LDL-C quartiles were maintained after adjustments 
for several measured covariates in propensity score matched 
groups. Although our data are convincing, further research 
is needed to validate our findings in large unselect popula-
tions and diverse clinical conditions.
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