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Abstract 

Background: High‑density lipoproteins (HDLs), particles characterized by their reverse cholesterol transport func‑
tion, display pleiotropic properties, including anti‑inflammatory and antioxidant functions. Moreover, all lipoproteins 
(HDLs but also low‑density lipoproteins (LDLs)) neutralize lipopolysaccharides, leading to increased bacterial clear‑
ance. These two lipoproteins decrease during sepsis, and an association between low lipoprotein levels and poor 
outcome was reported. The goals of this study were to characterize the lipid profile of septic patients hospitalized in 
our intensive care unit (ICU) and to determine the relationship with the outcome.

Methods: A prospective observational study was conducted in a university hospital ICU. All consecutive patients 
admitted for septic shock or sepsis were included. Total cholesterol, high‑density lipoprotein cholesterol (HDL‑C), 
low‑density lipoprotein cholesterol (LDL‑C), and triglyceride levels were assessed at admission (day 1), at day 3, and 
at ICU discharge. When available, a prehospitalization lipid profile collected prior to the patient’s hospitalization was 
compiled. Short‑term and 1‑year prognostic outcomes were prospectively assessed.

Results: A total of 205 patients were included. We found a decrease in HDL‑C concentration between previous 
values and those at admission, followed by an additional decrease at day 3. At ICU discharge, the concentration was 
higher than that at day 3 but did not reach the concentration measured prior to hospitalization (prior HDL‑C = 1.22 
(1.04–1.57) mmol/l; day 1 HDL‑C = 0.44 (0.29–0.70) mmol/l; day 3 HDL‑C = 0.30 (0.25–0.48) mmol/l; and HDL‑C at 
discharge = 0.65 (0.42–0.82) mmol/l). A similar trend was found for LDL‑C (prior LDL‑C = 2.7 (1.91–3.33) mmol/l; day 
1 LDL‑C = 1.0 (0.58–1.50) mmol/l; day 3 LDL‑C = 1.04 (0.64–1.54) mmol/l; and LDL‑C at discharge = 1.69 (1.26–2.21) 
mmol/l). Mixed models for repeated measures of lipoprotein concentrations showed a significant difference in 
HDL‑C and LDL‑C concentrations over time between survivors and nonsurvivors at day 28. An HDL‑C concentration 
at admission of less than 0.4 mmol/l was associated with increased mortality at day 28 (log‑rank test, p = 0.034) but 
not at 1 year (log‑rank test, p = 0.24). An LDL‑C concentration at admission of less than 0.72 mmol/l was associated 
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Background
Sepsis remains an important cause of mortality in inten-
sive care units (ICUs) despite recent better comprehen-
sion of its pathophysiology [1, 2]. Previous studies have 
suggested that during sepsis, multiple organ dysfunctions 
occur consecutive to major endothelial alterations, lead-
ing to microcirculation dysfunction, platelet and leuko-
cyte activation, and coagulation pathway perturbations 
[3]. High-density lipoproteins (HDLs) represent a family 
of particles that are characterized by their ability to trans-
port cholesterol from peripheral tissues back to the liver, 
which causes them to have a cardiovascular protective 
effect [4, 5]. These particles have some pleiotropic endo-
thelioprotective properties, including anti-inflammatory, 
anti-apoptotic, and antioxidant functions [6–11]. Like 
all lipoproteins, another major property of HDLs is the 
capacity to neutralize lipopolysaccharides and increase 
their clearance [12–15]. Experimental studies testing 
both reconstituted HDL and apolipoprotein A-I mimetic 
peptide perfusion in animal models of septic shock dem-
onstrated a protective effect of these HDL mimetics on 
mortality and a decrease in inflammatory parameters 
[16–20]. Clinical observations in numerous acute and 
chronic inflammatory pathologies, including sepsis, have 
shown a decreasing level of high-density lipoprotein cho-
lesterol (HDL-C) [21–28]. Some studies found a negative 
correlation between HDL-C concentration and mortal-
ity [24–27], while other studies did not find a statistically 
significant relationship [23, 29–31].

Low-density lipoproteins (LDLs) are able to neutral-
ize lipopolysaccharide [32, 33], and observational studies 
report that low-density lipoprotein cholesterol (LDL-
C) levels can decrease by 30% in patients experiencing 
inflammatory states, such as sepsis [27, 34]. Walley et al. 
also demonstrated that low LDL-C is associated with 
poor prognosis during sepsis [35].

Objectives of the study were as follows:

• The first objective of the study was to establish the 
kinetics of lipid profiles over time (basal lipid assess-
ment, admission level, 48  h, and day of discharge 
from the ICU).

• Second, the controversial results of the abovemen-
tioned studies regarding the link between mortality 
and lipoprotein concentrations led us to conduct a 

prospective observational study in our surgical ICU 
with the aim of characterizing the lipid profiles of 
septic patients and ultimately to seek a statistical link 
between lipoprotein concentrations and short-term 
and 1-year patient mortality.

• The last objective of this work was to determine 
whether there is a relationship between basal lipo-
protein levels before hospitalization and ICU out-
come.

Methods
This was a prospective, observational monocentric study 
conducted in the surgical intensive care unit of Bichat 
Claude-Bernard University Hospital, Paris, France. 
Patients were recruited from May 2016 to April 2019. 
All patients admitted for septic shock or severe sepsis 
according to the criteria of the Surviving Sepsis Cam-
paign were included [1]. Cirrhotic and immunocompro-
mised patients (acquired immune deficiency syndrome 
or transplant surgery) were excluded from this study. 
This study was approved by the French Society of Anes-
thesiology and Critical Care Medicine Research Ethics 
Board (HIGHSEPS study, IRB 00010254).

Patient demographics, diagnosis, Simplified Acute 
Physiology Score II and Sepsis-related Organ Failure 
Assessment severity scores, and clinical data were col-
lected prospectively. Regular medication use was also 
collected. In the case of habitual long-term statin use, 
i.e., starting before lipoprotein data collection, treatment 
was continued during the patient’s hospitalization. Renal 
function was assessed with the KDIGO AKI stage (Kid-
ney Disease: Improving Global Outcomes Acute Kidney 
Injury stage) [36]. The percentage of patients receiving 
nutrition during the ICU stay was determined.

Data regarding the site of infection were also col-
lected. ICU and in-hospital mortality at 28  days, 
90 days, and 1 year, duration of mechanical ventilation, 
number of days living without mechanical ventilation 
at day 28, length of stay in the ICU and in the hospi-
tal, renal replacement therapy and vasopressor use, and 
SOFA score at admission, at 48  h, and on the day of 
discharge were collected. At admission (day 1), at 48 h 
(day 3), and on the day of discharge (discharge day), 
plasma concentrations of total cholesterol, HDL-C, 

with increased mortality at day 28 and at 1 year (log‑rank test, p < 0.001 and p = 0.007, respectively). No link was found 
between prior lipid profile and mortality.

Conclusions: We showed no relationship between the prehospitalization lipid profile and patient outcome, but low 
lipoprotein levels in the ICU were strongly associated with short‑term mortality.
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LDL-C, and triglycerides were measured. These analy-
ses were performed in the Biochemistry Laboratory 
of Bichat Claude-Bernard Hospital. Total cholesterol 
(TC), HDL-C, LDL-C, and triglyceride concentrations 
were determined by routine enzymatic assays (CHOL, 
HDL-C, and TRIG methods, Dimension VISTA® 
System, Siemens Healthineers™). The reference val-
ues for these assays were HDL-C > 1.40  mmol/l, total 
cholesterol 4.40 < N < 5.20  mmol/l, and triglycerides 
0.50 < N < 1.7  mmol/l. According to the recommenda-
tions of the French National Authority for Health 2017 
and the European Society of Cardiology 2016, LDL-C 
concentration targets have been established depending 
on vascular risk factors [37].

When a patient was included in this study, the phy-
sician in charge of the patient asked the patient him-
self or his family whether a complete lipid panel had 
been performed within the 2 years prior to the patient’s 
ICU admission. This assessment had to have been per-
formed outside of any infectious episode. If available, 
these results were considered as the prehospitalization 
lipid test.

Concerning alimentation, intubated patients received 
early enteral feeding. When it was not possible, par-
ticularly in abdominal-onset sepsis, parenteral nutri-
tion was administered temporarily. In nonintubated 
patients, oral feeding was given as early as possible.

Statistical analysis
Categorical variables were compared using either 
the Chi-square test or Fisher’s exact test. Continuous 
variables were compared using Student’s t-test (for 
parametric data) or the Mann–Whitney U-test (for 
nonparametric data), as appropriate. Repeated meas-
ures were compared using the Friedman test. Con-
tinuous variables were compared using Spearman’s 
coefficient.

A mixed model for repeated measures of lipopro-
tein levels was built to predict mortality at day 28, with 
unstructured within-subject covariance. This model has 
the advantage of allowing unbalanced missing data and 
various within-subject covariance structures. Kaplan–
Meier survival curves were constructed for the 28-day, 
90-day, and 365-day periods after the onset of sepsis, and 
subgroups were compared with the log-rank test find-
ings. Cut-offs of lipoproteins concentration used in the 
Kaplan–Meier were chosen from the optimal point on 
the ROC curves plotted to predict mortality at day 28 
(data not shown).

Statistical analysis was performed using STATA version 
15 (StataCorp LP, College Station, TX, USA) and Graph-
Pad Prism 4.0 (GraphPad Software, La Jolla, CA, USA).

Results
a. Population
Two hundred five patients with sepsis were included 
prospectively and consecutively from May 2016 to April 
2019. ICU mortality was 17%. Mortality at 28  days was 
also 17%. Mortality at 90  days and 1  year was 24% and 
29%, respectively.

Table  1 shows the general characteristics of the 
patients, the etiology of sepsis, and the outcome of the 
patients.

Moreover, concerning feeding (oral, enteral, parenteral, 
or both enteral/parenteral nutrition), 48% of the patients 
received nutrition at admission, 88% at day 3, and 91% at 
ICU discharge.

b. Lipoprotein concentration over time
Of the 205 patients included, 101 had a previous lipid test 
performed in the absence of any infectious symptoms 
(= prior). The median interval between this previous 
assessment and admission of the patient to the ICU was 
10 (5–24) months. Except for habitual statin use, there 
were no differences in general characteristics or out-
comes between patients with and without previous lipid 
tests (see Additional file 1: S1).

Figure  1 shows changes in lipoprotein concentrations 
with time, taking into account values prior to ICU hos-
pitalization. To compare the different sampling times 
(prior, day 1, day 3, and discharge day), Friedman’s test 
with repeated measurements was necessary. Repeated 
measurements required us to have the data at each time 
(prior, D1, D3, and DD). In this context, we included 66 
patients in the analysis. This analysis showed a decrease 
in HDL-C concentration between the prehospitalization 
value and day 1 followed by a decrease at day 3. The con-
centration on the day of discharge was higher than that 
on day 3, but it did not reach the level of the prehospitali-
zation assessment. Similar variations were found for total 
cholesterol and LDL-C values but not for triglycerides.

c. Outcome
Table 1 stratifies general patient characteristics according 
to mortality at day 28. All deaths at 28 days were caused 
by multiorgan failure related to sepsis. Patients who 
died at day 28 were older [67 (62–77) years vs. 63 (51–
72) years, p = 0.0208] and had higher Kidney Disease: 
Improving Global Outcomes scores [3 (2–3) vs. 1 (0–2), 
p < 0.0001] and Simplified Acute Physiology Score II and 
Sepsis-related Organ Failure Assessment scores at admis-
sion [75 (64–89) vs. 54 (38–63), p < 0.0001 and 10 (7–12) 
vs. 6 (4–8), p < 0.0001, respectively], higher plasma lactate 
levels at admission [3.0 (2.0–5.3) vs. 2.1 (1.3–3.3) mmol/l, 
p = 0.0002], higher doses of norepinephrine at admis-
sion [0.66 (0.48–1.24) µg/kg/min vs. 0.18 (0.0–0.41), 
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p < 0.0001], and greater use of renal replacement therapy 
(26% vs. 8%, p = 0.0044). The length of mechanical ven-
tilation was also greater in the group of patients who 
died at 28  days [5 (2–12) vs. 2 (0–7) days, p = 0.0007]. 
Similarly, patients who died had fewer alive days without 
mechanical ventilation between admission and day 28 
than survivors at day 28 [0 (0–2) days vs. 26 (11–28) days, 
p < 0.0001].

d. Relationship between lipoprotein concentrations 
and patient outcomes
Mixed models for repeated measures of lipoprotein 
concentrations as a predictor of mortality showed a sig-
nificant difference in HDL-C and LDL-C concentrations 
over time (prior sample, day 1, day 3, and discharge day) 
between survivors and nonsurvivors (Fig.  2). Another 
mixed model for repeated measures of lipoprotein con-
centrations as predictors of mortality focusing on day 1, 
day 3, and discharge day also underlined a significant dif-
ference in HDL-C and LDL-C concentrations over time 

between survivors and nonsurvivors (Additional file  2: 
S2).

Figure  3 shows mortality at day 28 as a function of 
total cholesterol, HDL-C, LDL-C, and triglyceride con-
centrations. Mortality at day 28 of patients with total 
cholesterol concentrations less than 2.2 mmol/l at admis-
sion was significantly higher (log-rank test, p = 0.006). 
Mortality at day 28 of patients with HDL-C concen-
tration levels below 0.4  mmol/l at admission was sig-
nificantly higher (log-rank test, p = 0.034). Mortality at 
day 28 of patients with LDL-C concentrations less than 
0.73  mmol/l at admission was significantly higher (log-
rank test, p < 0.001). No difference in mortality was found 
with respect to triglyceride concentrations at admission.

Figure  4 shows mortality at day 90 as a function of 
the total cholesterol, HDL-C, LDL-C, and triglyceride 
concentrations. Mortality at day 90 of patients with 
total cholesterol concentrations less than 2.2  mmol/l 
at admission was significantly higher (log-rank test, 
p = 0.008). Mortality at day 90 of patients with LDL-C 

Table 1 General characteristics of the population, outcome, and type of sepsis

Stratification according to mortality at day 28. Mann–Whitney’s test was used for continuous variables, and Fisher’s exact test was used for categorical variables

KDIGO Kidney Disease: Improving Global Outcomes, SAPSII Simplified Acute Physiology Score II, SOFA Sepsis-related Organ Failure Assessment, RRT  renal replacement 
therapy, MV mechanical ventilation

All patients (n = 205) Patients dead 
at 28 days (n = 35)

Patients alive 
at 28 days (n = 170)

p

Male (n; %) 108; 52% 21; 60% 87; 51% 0.3595

Age (years), med (IQR) 63 (52–73) 67 (62–77) 63 (51–72) 0.0208

Weight (kg), med (IQR) 75 (64–90) 70 (60–86) 78 (65–90) 0.1593

Statin (n; %) 63; 31% 8; 22% 55; 32% 0.3183

Septic shock (n; %) 149; 73% 33; 22% 116; 78% 0.0008

Severe sepsis (n; %) 56; 27% 2; 4% 54; 96%  < 0.0001

Bacteremia (n; %) 53; 26% 12; 23% 41; 77% 0.1259

Intra‑abdominal sepsis (n; %) 87; 42% 16; 18% 71; 82% 0.7095

Pleuropulmonary sepsis (n; %) 29; 14% 6; 21% 23; 79% 0.5960

Urinary tract infections (n; %) 35; 17% 3; 9% 32; 91% 0.2157

Skin and soft tissue infections (n; %) 35; 17% 8; 23% 27; 77% 0.3280

Other sepsis (n; %) 19; 10% 2; 11% 17; 89% 0.5397

KDIGO AKI stage max, med (IQR) 1 (0–3) 3 (2–3) 1 (0–2) < 0.0001

SAPSII score day 1, med (IQR) 57 (40–68) 75 (64–89) 54 (38–63) < 0.0001

SOFA day 1, med (IQR) 7 (4–9) 10 (7–12) 6 (4–8) < 0.0001

Lactate day 1 (mmol/l), med (IQR) 2.2 (1.4–3.4) 3.0 (2.0–5.3) 2.1 (1.3–3.3) 0.0002

Norepinephrine day 1 (micg/kg/min), med (IQR) 0.23 (0.0–0.55) 0.66 (0.48–1.24) 0.18 (0–0.41) < 0.0001

RRT day 1 (n; %) 22; 11% 9; 26% 13; 8% 0.0044

SOFA day 3, med (IQR) 4 (1–7) 11 (7–13) 3 (1–6) < 0.0001

Lactate day 3 (mmol/l), med (IQR) 1.4 (1.0–1.9) 2.4 (1.8–6.9) 1.3 (0.9–1.8) < 0.0001

Norepinephrine day 3 (micg/kg/min), med (IQR) 0.0 (0.0–0.24) 0.48 (0.25–0.91) 0.0 (0.0‑ 0.1) < 0.0001

RRT day 3 (n; %) 25; 12% 12; 34% 13; 8% 0.0001

Length of stay in ICU (days), med (IQR) 7 (3–16) 6 (3–13) 7 (4–17) 0.0724

Length of mechanical ventilation (days), med (IQR) 2 (0–8) 5 (2–12) 2 (0–7) 0.0007

Days alive without MV at D28, med (IQR) 26 (11–28) 0 (0–2) 26 (21–28) < 0.0001
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concentrations less than 0.73 mmol/l at admission was 
significantly higher (log-rank test, p = 0.003). Interest-
ingly, no difference in mortality at day 90 was found 
with respect to HDL-C concentration at admission 
(log-rank test, p = 0.13). No difference in mortality was 
found with respect to triglyceride concentrations at 
admission.

Figure  5 shows mortality at 1  year as a function of 
total cholesterol, HDL-C, LDL-C, and triglyceride 
concentrations. Mortality at 1  year of patients with 
total cholesterol concentrations less than 2.2  mmol/l 
at admission was significantly higher (log-rank test, 
p = 0.003). Mortality at 1  year of patients with LDL-C 
concentrations less than 0.73 mmol/l at admission was 
significantly higher (log-rank test, p = 0.007). Interest-
ingly, no difference in mortality at 1  year was found 
with respect to HLD-C concentration at admission 
(log-rank test, p = 0.24). No difference in mortality 
was found with respect to triglyceride concentration at 
admission.

e. Relationship between lipoprotein concentrations 
and outcome in patient subgroups
Additional file 3: S3 shows mortality at day 28 as a func-
tion of total cholesterol, HDL-C, LDL-C, and triglyc-
eride concentrations in the specific subgroup of septic 
shock patients. Mortality at day 28 of septic shock 
patients with total cholesterol concentrations less than 
2.2  mmol/l at admission was significantly higher (log-
rank test, p < 0.001). Mortality at day 28 of septic shock 
patients with HDL-C concentrations less than 0.4 mmol/l 
at admission was significantly higher (log-rank test, 
p < 0.001). Mortality at day 28 of patients with LDL-C 
concentrations less than 0.73  mmol/l at admission was 
significantly higher (log-rank test, p = 0.002). No differ-
ence in mortality related to triglyceride concentrations at 
admission was found in this subgroup.

According to the log-rank test, low levels of LDL-C 
and HDL-C at admission were statistically asso-
ciated with 28-day mortality in the septic pleu-
ropneumonia and bacteremia subgroups. In the 
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intra-abdominal sepsis subgroup, LDL-C concentration 
at admission < 0.73  mmol/l was associated with higher 
mortality. No difference in mortality related to HDL-C 
levels was found in intra-abdominal sepsis patients 
(Additional file 4: S4).

f. Correlation between prior lipoprotein levels and patient 
outcomes
The differences (delta) in lipoprotein values between pre-
hospitalization and day-1 measurements were compared 
between survivors and nonsurvivors at day 28. Accord-
ing to the Kaplan–Meier curves, there was no signifi-
cant association between any of these differences and 
mortality at day 28 (delta total cholesterol, log-rank test 
p = 0.18; delta HDL-C, log-rank test p = 0.43; delta LDL-
C, log-rank test p = 0.75; and delta triglycerides, log-rank 
test p = 0.82). The results are expressed in Fig. 6.

Discussion
The analysis of this cohort of 205 patients hospitalized 
in an ICU for septic shock or severe sepsis found the 
following:

• a decrease in HDL-C and LDL-C concentrations 
compared to prior levels and a significant difference 

over time during ICU hospitalization between survi-
vors and nonsurvivors;

• a statistically significant association between HDL-C 
concentration and mortality at day 28 but not at day 
90 or at 1 year;

• a statistically significant association between LDL-C 
concentration and short- and long-term mortality (at 
day 28, day 90, and at 1 year); and

• no link between lipoprotein levels measured prior to 
hospitalization and the outcome of the patients.

Here, we did not find a relationship between lipopro-
tein levels prior to hospitalization and the patient out-
come. Only modifications of these particles under septic 
conditions seem to be linked to the patients’ outcome. 
Our findings are not in accordance with two recent stud-
ies that underlined a potential link between lipoprotein 
basal level and sepsis outcome. A retrospective single-
center cohort study involving 3,592 septic patients based 
on electronic medical records showed that baseline val-
ues for both LDL-C and triglycerides were associated 
with mortality when using a SIRS-based definition of 
sepsis [38]. Trinder et al. analyzed the effect of HDL-C, 
LDL-C, and triglyceride polygenic scores on survival in 
3222 participants in a UK biobank who were hospitalized 

Fig. 2 Margin plot of the mixed model for repeated measures adjusted predictions of lipoprotein levels for mortality at day 28 taking into account 
prior lipid values. Except in the case of triglycerides, all models were statistically significant (p < 0.0001). TC total cholesterol, HDL high‑density 
lipoprotein, LDL low‑density lipoprotein, TG triglycerides, D1 Day 1, D3 Day 3, DD discharge day
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for sepsis [39]. Interestingly, the authors found that there 
was a significant inverse association between continuous 
HDL-C polygenic score and 28-day mortality, whereas 
LDL-C and triglyceride polygenic scores were not associ-
ated with sepsis mortality. Even if these two retrospective 
studies based on electronic medical records found con-
troversial results, they highlighted that basal lipoprotein 
levels or genetic-based analyses could have a link with the 
outcome in the case of sepsis. The differences found in 
our study compared with Maile et al.’s and Trinder et al.’s 
studies could be explained by our population consisting 
strictly of ICU patients. Additionally, our study took into 
account basal crude lipoprotein concentrations and not 
genetic-based analyses.

The low concentration of HDL-C at ICU admission 
found in our cohort is consistent with the results of other 
studies conducted in septic patients [23–28, 30, 31]. The 
mechanism that leads to the decreased concentration of 
HDL-C during the septic state is poorly described [40]. 
Several hypotheses have been proposed to explain this 
decrease: there is a significant consumption of HDL par-
ticles, a consequent hemodilution, a decrease in HDL 
synthesis by the liver, particularly in the case of associated 

liver dysfunction, or an increase in HDL clearance fol-
lowing an increase in scavenger receptor class B type 1 
(SRB-1) expression [41]. The increase in HDL-C levels 
over time and the healing of the infectious process that 
we observed with improvement in the patient’s clinical 
condition are possibly explained by bacterial clearance, 
restoration of normovolemia, and a drastic decrease in 
capillary leakage associated with improvement of the 
microcirculatory network; they could also be explained 
by an increase in hepatic HDL synthesis and appropriate 
regulation of SRB-1 expression [11, 40].

The link between lipoprotein concentrations and 
patient outcome is controversial, according to previous 
studies. We found in our cohort of septic ICU patients 
that low HDL-C and LDL-C concentrations at admis-
sion are strongly associated with increased mortality 
at day 28, in accordance with several other studies in 
the field [24–27]. Interestingly, the long-term mortality 
relationship is more controversial. Although there was a 
statistically significant association between LDL-C con-
centration at 90  days and at 1  year, no link was found 
between HDL-C concentration and long-term mortality. 
To our knowledge, only one study on lipoproteins during 

Log rank test
p = 0.73

Log rank test
p = 0.039

Log rank test
p < 0.001

Log rank test
p = 0.006

Fig. 3 Kaplan–Meier estimates of survival in the 28 days after the onset of sepsis for patients with different initial levels of lipoproteins. TC total 
cholesterol, HDL high‑density lipoprotein, LDL low‑density lipoprotein, TG triglycerides. N = 205 patients were included in these analyses
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sepsis has focused on long-term outcomes [42]. Roveran 
Genga et al. showed that a composite end-point of death 
or progression to a decreased estimated glomerular fil-
tration rate at 2 years was higher in patients with HDL-C 
concentrations less than 33.06  mg/dl during a septic 
episode.

This link with the long-term outcome is not very well 
characterized. These findings could be explained by some 
extrinsic factors that could independently influence mor-
tality, such as basal medical conditions or other morbid-
ity issues interfering with the outcome but without any 
link with the initial septic episode. Further studies focus-
ing on this long-term mortality seem to be of interest.

Although HDL-C concentration is a parameter that 
appears to be associated with short-term patient out-
come, knowledge of the functionality of these lipopro-
teins under septic conditions could potentially help us to 
better characterize our patients. Trinder et al. identified 
a rare missense variant in cholesteryl ester transfer pro-
tein (CETP) that was associated with a significant reduc-
tion in HDL-C levels during sepsis [43]. Recently, in a 

population of septic patients, we described a shift toward 
large HDL particles compared to nonseptic patients, 
an observation that may reflect a potential dysfunction 
of these particles [44]. Other studies emphasized that 
changes in HDL-C efflux capacity or HDL oxidation are 
potentially correlated with poor outcome [45, 46]. Based 
on these findings, we think that lipoprotein concentra-
tions are potentially not sufficient to characterize patient 
outcome. Studies designed to better evaluate these dys-
functions, such as lipidomic or proteomic analyses, 
should be conducted in the future.

In this context, therapy aiming to restore lipoprotein 
levels during septic shock episodes might be interesting 
to explore. Thus, infusion of functional particles could 
be interesting to test. Some experimental studies evalu-
ated the efficacy of reconstituted HDL injection and 
apolipoprotein A-I mimetic peptide injection in animal 
models of sepsis [16–20]. These studies have shown a 
positive effect of these particles, resulting in decreased 
animal morbidity and mortality and decreased levels of 
systemic and histological inflammatory markers. All of 

Fig. 4 Kaplan–Meier estimates of survival in the 90 days after the onset of sepsis for patients with different initial levels of lipoproteins. TC total 
cholesterol, HDL high‑density lipoprotein, LDL low‑density lipoprotein, TG triglycerides. N = 205 patients were included in these analyses
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these positive experimental findings are very encourag-
ing and may lead to testing of these particles in human 
trials [40].

CETP inhibitors increase HDL-C levels by decreasing 
the transfer of cholesteryl esters to other lipoprotein par-
ticles, such as LDL. Although the results of recent phase 
3 randomized controlled trials testing CETP inhibitors 
(torcetrapib, dalcetrapib, evacetrapib and anacetrapib) 
in atherosclerotic patients are very disappointing, such 
therapeutics might be interesting to evaluate because of 
the potential increase in the level of HDL-C [47–49].

No adjuvant therapy aimed at restoring LDL-C lev-
els has been tested. However, because LDL particles can 
neutralize lipopolysaccharides and increase bacterial 
clearance, the LDL receptor could also be an interesting 
target. In this context, proprotein convertase subtilisin/
kexin type 9 (PCSK9) inhibitors enhance LDL-medi-
ated elimination of lipopolysaccharide and have shown 
promise in preclinical studies of sepsis [50, 51]. A phase 
2 study testing a PCSK9 inhibitor, evolocumab, in septic 
patients is currently underway [52].

Our study has several limitations:

• First, it is a monocentric study conducted in a surgi-
cal ICU with a majority of patients with abdominal 
sepsis; in this respect, it does not reflect the conven-
tional recruitment of medico-surgical ICUs.

• Second, in our study, we did not measure biomark-
ers of inflammation, such as cytokines, and therefore 
were unable to compare patients according to their 
inflammatory state.

• Third, since patients with a previous lipid profile are 
more likely to be treated with statins, this may lead to 
a number of biases. Nevertheless, mixed models for 
repeated measures adjusted predictions of lipopro-
tein levels of mortality at day 28 taking into account 
or not the prior basal lipoprotein concentrations 
gave the same results (i.e., significant differences 
in HDL-C and LDL-C concentrations over time 
between survivors and nonsurvivors).

• Fourth, because of the nature of this prospective 
cohort study, we did not calculate the number of 

Fig. 5 Kaplan–Meier estimates of survival 1 year after the onset of sepsis for patients with different initial levels of lipoproteins. TC total cholesterol, 
HDL high‑density lipoprotein, LDL low‑density lipoprotein, TG triglycerides. N = 205 patients were included in these analyses
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patients to include. The number of patients with a 
prior lipid analysis was difficult to predict. We con-
sider that this part of the results is underpowered, 
and conclusions on the lipid concentrations in prior 
sepsis remain to be confirmed in additional studies 
addressing this issue.

• Fifth, the contradictory results concerning the link 
between lipoprotein concentration during the sepsis 
state and outcome (short- and long-term) merit fur-
ther attention to identify these long-term outcome 
parameters.

Conclusion
Our study of 205 septic patients emphasizes the strong 
link between low HDL-C and LDL-C concentrations in 
ICU patients and 28-day mortality, even if the relation-
ship with long-term outcome remains controversial. We 
found that patients’ HDL-C and LDL-C concentrations 
prior to hospitalization did not show correlations with 
the outcome of these patients. These results confirm the 
positive functions of these lacking lipoproteins in the 

septic state. The relationship between lipoproteins and 
long-term outcome parameters nonetheless merits fur-
ther attention.

The observed depletion of lipoproteins, especially that 
of HDL particles, at the early phase of sepsis emphasizes 
the need to evaluate the key role of these particles. Fur-
ther experimental studies investigating the functionalities 
of these particles under septic conditions are thus crucial.

Supplementary Information
The online version contains supplementary material available at https ://doi.
org/10.1186/s1361 3‑021‑00800 ‑0.

Additional file 1: S1. Comparison between patients with or without 
prior lipid profiles. The results are expressed as percentages for categori‑
cal variables and medians (interquartiles) for continuous variables [95% 
CI]. D1: day 1; SOFA score: Sequential Organ Failure Assessment score; 
SAPSII score: Simplified acute physiology II score; KDIGO AKI stage: Kidney 
Disease: Improving Global Outcomes Acute Kidney Injury stage; RRT: renal 
replacement therapy; ICU: Intensive Care Unit.

Additional file 2: S2. Margins plot of the mixed model for repeated meas‑
ures adjusted predictions of lipoprotein levels for mortality at day 28. All 
models were statistically significant (p < 0.0001). TC: Total cholesterol; HDL: 

Log rank test 
p=0.75

Log rank test 
p=0.82

Log rank test 
p=0.43

Log rank test 
p=0.18 

Fig. 6 Kaplan–Meier estimates of survival in the 28 days after the onset of sepsis according to the differences between patients’ prior 
concentrations of lipoproteins and those at day one. TC total cholesterol, HDL high‑density lipoprotein, LDL low‑density lipoprotein, TG triglycerides. 
N = 101 patients were included in these analyses

https://doi.org/10.1186/s13613-021-00800-0
https://doi.org/10.1186/s13613-021-00800-0


Page 11 of 12Tanaka et al. Ann. Intensive Care           (2021) 11:11  

High‑density lipoprotein; LDL: Low‑density lipoprotein; TG: Triglycerides; 
D1: Day 1; D3: Day 3, DD: Discharge day.

Additional file 3: S3. Kaplan–Meier estimates of survival in the 28 days 
after the onset of sepsis for patients with different initial levels of lipopro‑
teins in the septic shock subgroup. TC: Total cholesterol; HDL: High‑density 
lipoprotein; LDL: Low‑density lipoprotein; TG: Triglycerides.

Additional file 4: S4. Kaplan–Meier estimates of survival in the 28 days 
after the onset of sepsis for patients with different initial levels of high‑
density lipoprotein cholesterol and low‑density lipoprotein cholesterol 
in the bacteremia, intra‑abdominal sepsis, and pleuropulmonary sepsis 
subgroups. HDL: High‑density lipoprotein; LDL: Low‑density lipoprotein.

Abbreviations
CETP: Cholesteryl ester transfer protein; HDL: High‑density lipoprotein; ICU: 
Intensive care unit; KDIGO: Kidney Disease: Improving Global Outcomes; LDL: 
Low‑density lipoprotein; LPS: Lipopolysaccharides; LTA: Lipoteichoic acid; MV: 
Mechanical ventilation; PCSK9: Proprotein convertase subtilisin/kexin type 9; 
RRT : Renal replacement therapy; SAPSII: Simplified Acute Physiology Score 
II; SOFA: Sepsis‑related Organ Failure Assessment; SRB‑1: Scavenger receptor 
class B type 1; TC: Total cholesterol; TG: Triglyceride.

Acknowledgements
The authors would like to thank the medical and paramedical team of the 
Bichat Claude Bernard Surgical ICU, Paris, France.

Authors’ contributions
ST, JS, OM, and PM contributed to study concept and design. ST, JS, DB per‑
formed statistical analysis. ST, JS, DB, TR, MD, AS, NZ, MC, BLJ, PA, EA, ATD, OM, 
and PM were involved in data analysis and interpretation. ST, JS, DB, TR, MD, 
BLJ, ATD, OM, and PM performed critical revision of the manuscript. All the 
authors read and approved the final manuscript.

Funding
None.

Availability of data and materials
The datasets used and analyzed in this study are available from the corre‑
sponding author upon reasonable request.

Ethics approval and consent for publication
This study was approved by the French Society of Anesthesiology and Critical 
Care Medicine Research Ethics Board (HIGHSEPS study, IRB 00010254).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Assistance Publique ‑ Hôpitaux de Paris (AP‑HP), Department of Anesthe‑
siology and Critical Care Medicine, DMU PARABOL, Bichat‑Claude Bernard 
Hospital, Paris, France. 2 Réunion Island University, French Institute of Health 
and Medical Research (INSERM), U1188 Diabetes Atherothrombosis Réunion 
Indian Ocean (DéTROI), CYROI Plateform, Saint‑Denis de La Réunion, France. 
3 Université de Paris, Paris, France. 4 Assistance Publique ‑ Hôpitaux de Paris 
(AP‑HP), Emergency Department, Bichat‑Claude Bernard Hospital, Paris, 
France. 5 French Institute of Health and Medical Research (INSERM) U1137, 
Infection, Antimicrobials, Modelling, Evolution, Paris, France. 6 Assistance 
Publique ‑ Hôpitaux de Paris (AP‑HP), Biochemistry Department, Bichat‑
Claude Bernard Hospital, Paris, France. 7 French Institute of Health and Medical 
Research (INSERM) U1148, Laboratory for Vascular Translational Science, Paris, 
France. 8 Réunion Island University‑Affiliated Hospital, Saint‑Denis de la Réun‑
ion, France. 9 French Institute of Health and Medical Research (INSERM) U1152, 
Physiopathology and Epidemiology of Respiratory Diseases ‑ANR‑10‑LABX‑17, 
Paris, France. 

Received: 14 August 2020   Accepted: 6 January 2021

References
 1. Rhodes A, Evans LE, Alhazzani W, et al. Surviving sepsis campaign: inter‑

national guidelines for management of sepsis and septic shock: 2016. Crit 
Care Med. 2017;45:486–552.

 2. Singer M, Deutschman CS, Seymour CW, et al. The third international 
consensus definitions for sepsis and septic shock (Sepsis‑3). JAMA. 
2016;315:801–10.

 3. Angus DC, van der Poll T. Severe sepsis and septic shock. N Engl J Med. 
2013;369:2063.

 4. Nofer JR, Kehrel B, Fobker M, Levkau B, Assmann G, von Eckardstein A. 
HDL and arteriosclerosis: beyond reverse cholesterol transport. Athero‑
sclerosis. 2002;161(1):1–16.

 5. Cooney MT, Dudina A, De Bacquer D, et al. HDL cholesterol protects 
against cardiovascular disease in both genders, at all ages and at all levels 
of risk. Atherosclerosis. 2009;206:611–6.

 6. Rubin EM, Krauss RM, Spangler EA, et al. Inhibition of early atherogenesis 
in transgenic mice by human apolipoprotein AI. Nature. 1991;353:265–7.

 7. Kitamura A, Iso H, Naito Y, et al. High‑density lipoprotein cholesterol and 
premature coronary heart disease in urban Japanese men. Circulation. 
1994;89:2533–9.

 8. Wu A, Hinds CJ, Thiemermann C. High‑density lipoproteins in sepsis and 
septic shock: metabolism, actions, and therapeutic applications. Shock 
Augusta Ga. 2004;21:210–21.

 9. Theilmeier G, Schmidt C, Herrmann J, et al. High‑density lipoproteins and 
their constituent, sphingosine‑1‑phosphate, directly protect the heart 
against ischemia/reperfusion injury in vivo via the S1P3 lysophospholipid 
receptor. Circulation. 2006;114:1403–9.

 10. Tran‑Dinh A, Diallo D, Delbosc S, et al. HDL and endothelial protection. Br 
J Pharmacol. 2013;169:493–511.

 11. Meilhac O, Tanaka S, Couret D. High‑Density Lipoproteins Are Bug Scav‑
engers. Biomolecules. 2020;10:598.

 12. Ulevitch RJ, Johnston AR. The modification of biophysical and endo‑
toxic properties of bacterial lipopolysaccharides by serum. J Clin Invest. 
1978;62:1313–24.

 13. Vesy CJ, Kitchens RL, Wolfbauer G, Albers JJ, Munford RS. Lipopolysaccha‑
ride‑binding protein and phospholipid transfer protein release lipopoly‑
saccharides from gram‑negative bacterial membranes. Infect Immun. 
2000;68(5):2410–7.

 14. Wurfel MM, Kunitake ST, Lichenstein H, Kane JP, Wright SD. Lipopolysac‑
charide (LPS)‑binding protein is carried on lipoproteins and acts as a 
cofactor in the neutralization of LPS. J Exp Med. 1994;180(3):1025–35.

 15. Murch O, Collin M, Hinds CJ, et al. Lipoproteins in inflammation and 
sepsis I Basic science. Intensive Care Med. 2007;33:13–24.

 16. Levine DM, Parker TS, Donnelly TM, et al. In vivo protection against 
endotoxin by plasma high density lipoprotein. Proc Natl Acad Sci U S A. 
1993;90:12040–4.

 17. McDonald MC, Dhadly P, Cockerill GW, Cuzzocrea S, Mota‑Filipe H, Hinds 
CJ, Miller NE, Thiemermann C. Reconstituted high‑density lipoprotein 
attenuates organ injury and adhesion molecule expression in a rodent 
model of endotoxic shock. Shock. 2003;20(6):551–7.

 18. Dai L, Datta G, Zhang Z, et al. The apolipoprotein A‑I mimetic peptide 
4F prevents defects in vascular function in endotoxemic rats. J Lipid Res. 
2010;51:2695–705.

 19. Zhang X, Wang L, Chen B. Recombinant HDL (Milano) protects 
endotoxin‑challenged rats from multiple organ injury and dysfunction. 
Biol Chem. 2015;396:53–60.

 20. Tanaka S, Genève C, Zappella N, et al. Reconstituted high‑density lipopro‑
tein therapy improves survival in mouse models of sepsis. Anesthesiol‑
ogy. 2020;132(4):825–38.

 21. Gordon BR, Parker TS, Levine DM, et al. Low lipid concentrations in critical 
illness: implications for preventing and treating endotoxemia. Crit Care 
Med. 1996;24:584–9.

 22. Gordon BR, Parker TS, Levine DM, et al. Relationship of hypolipidemia to 
cytokine concentrations and outcomes in critically ill surgical patients. 
Crit Care Med. 2001;29:1563–8.



Page 12 of 12Tanaka et al. Ann. Intensive Care           (2021) 11:11 

 23. van Leeuwen HJ, Heezius EC, Dallinga GM, van Strijp JA, Verhoef J, van 
Kessel KP. Lipoprotein metabolism in patients with severe sepsis. Crit Care 
Med. 2003;31(5):1359–66.

 24. Barlage S, Gnewuch C, Liebisch G, Wolf Z, Audebert FX, Gluck T, Frohlich 
D, Kramer BK, Rothe G, Schmitz G. Changes in HDL‑associated apolipo‑
proteins relate to mortality in human sepsis and correlate to monocyte 
and platelet activation. Intensive Care Med. 2009;35(11):1877–85.

 25. Shor R, Wainstein J, Oz D, et al. Low HDL levels and the risk of death, sep‑
sis and malignancy. Clin Res Cardiol Off J Ger Card Soc. 2008;97:227–33.

 26. Chien JY, Jerng JS, Yu CJ, Yang PC. Low serum level of high‑density lipo‑
protein cholesterol is a poor prognostic factor for severe sepsis. Crit Care 
Med. 2005;33(8):1688–93.

 27. Cirstea M, Walley KR, Russell JA, et al. Decreased high‑density lipoprotein 
cholesterol level is an early prognostic marker for organ dysfunction and 
death in patients with suspected sepsis. J Crit Care. 2017;38:289–94.

 28. Lekkou A, Mouzaki A, Siagris D, et al. Serum lipid profile, cytokine produc‑
tion, and clinical outcome in patients with severe sepsis. J Crit Care. 
2014;29:723–7.

 29. Vermont CL, den Brinker M, Kâkeci N, et al. Serum lipids and disease 
severity in children with severe meningococcal sepsis. Crit Care Med. 
2005;33:1610–5.

 30. Lee SH, Park MS, Park BH, et al. Prognostic implications of serum lipid 
metabolism over time during sepsis. BioMed Res Int. 2015;2015:789298.

 31. Tanaka S, Labreuche J, Drumez E, et al. Low HDL levels in sepsis versus 
trauma patients in intensive care unit. Ann Intensive Care. 2017;7:60.

 32. Levels JHM, Abraham PR, van den Ende A, et al. Distribution and kinetics 
of lipoprotein‑bound endotoxin. Infect Immun. 2001;69:2821–8.

 33. Kitchens RL, Thompson PA, Munford RS, et al. Acute inflammation and 
infection maintain circulating phospholipid levels and enhance lipopoly‑
saccharide binding to plasma lipoproteins. J Lipid Res. 2003;44:2339–48.

 34. Khovidhunkit W, Kim M‑S, Memon RA, et al. Effects of infection and 
inflammation on lipid and lipoprotein metabolism: mechanisms and 
consequences to the host. J Lipid Res. 2004;45:1169–96.

 35. Walley KR, Boyd JH, Kong HJ, et al. Low low‑density lipoprotein levels are 
associated with, but do not causally contribute to, increased mortality in 
sepsis. Crit Care Med. 2019;47:463–6.

 36. Kellum JA, Lameire N. for the KDIGO AKI Guideline Work Group: Diagnosis, 
evaluation, and management of acute kidney injury: a KDIGO summary 
(Part 1). Crit Care. 2013;17:204.

 37. Catapano AL, Graham I, De Backer G, et al. 2016 ESC/EAS guidelines for 
the management of dyslipidaemias. Eur Heart J. 2016;37:2999–3058.

 38. Maile MD, Sigakis MJ, Stringer KA, et al. Impact of the pre‑illness lipid 
profile on sepsis mortality. J Crit Care. 2020;57:197–202.

 39. Trinder M, Walley KR, Boyd JH, et al. Causal inference for genetically deter‑
mined levels of high‑density lipoprotein cholesterol and risk of infectious 
disease. Arterioscler Thromb Vasc Biol. 2020;40:267–78.

 40. Tanaka S, Couret D, Tran‑Dinh A, et al. High‑density lipoproteins during 
sepsis: from bench to bedside. Crit Care Lond Engl. 2020;24:134.

 41. Pirillo A, Catapano AL, Norata GD. HDL in infectious diseases and sepsis. 
Handb Exp Pharmacol. 2015;224:483–508.

 42. Roveran Genga K, Lo C, Cirstea M, et al. Two‑year follow‑up of patients 
with septic shock presenting with low HDL: the effect upon acute kidney 
injury, death and estimated glomerular filtration rate. J Intern Med. 
2017;281:518–29.

 43. Trinder M, Genga KR, Kong HJ, et al. Cholesteryl ester transfer protein 
influences high‑density lipoprotein levels and survival in sepsis. Am J 
Respir Crit Care Med. 2019;199:854–62.

 44. Tanaka S, Diallo D, Delbosc S, et al. High‑density lipoprotein (HDL) particle 
size and concentration changes in septic shock patients. Ann Intensive 
Care. 2019;9:68.

 45. Guirgis FW, Dodani S, Moldawer L, et al. Exploring the predictive ability 
of dysfunctional high‑density lipoprotein for adverse outcomes in 
emergency department patients with sepsis: a preliminary investigation. 
Shock Augusta Ga. 2017;48:539–44.

 46. Guirgis FW, Dodani S, Leeuwenburgh C, et al. HDL inflammatory index 
correlates with and predicts severity of organ failure in patients with 
sepsis and septic shock. PLoS ONE. 2018;13:e0203813.

 47. Kastelein JJP, van Leuven SI, Burgess L, et al. Effect of torcetrapib on 
carotid atherosclerosis in familial hypercholesterolemia. N Engl J Med. 
2007;356:1620–30.

 48. Barter PJ, Caulfield M, Eriksson M, et al. Effects of torcetrapib in patients at 
high risk for coronary events. N Engl J Med. 2007;357:2109–22.

 49. Cannon CP, Shah S, Dansky HM, et al. Safety of anacetrapib in 
patients with or at high risk for coronary heart disease. N Engl J Med. 
2010;363:2406–15.

 50. Walley KR, Thain KR, Russell JA, et al. PCSK9 is a critical regulator of the 
innate immune response and septic shock outcome. Sci Transl Med. 
2014;6:258143.

 51. Topchiy E, Cirstea M, Kong HJ, et al. Lipopolysaccharide Is cleared from 
the circulation by hepatocytes via the low density lipoprotein receptor. 
PLoS ONE. 2016;11:e0155030.

 52. Momtazi AA, Banach M, Sahebkar A. PCSK9 inhibitors in sepsis: a new 
potential indication? Expert Opin Investig Drugs. 2017;26:137–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Relationship between lipoprotein concentrations and short-term and 1-year mortality in intensive care unit septic patients: results from the HIGHSEPS study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Statistical analysis

	Results
	a. Population
	b. Lipoprotein concentration over time
	c. Outcome
	d. Relationship between lipoprotein concentrations and patient outcomes
	e. Relationship between lipoprotein concentrations and outcome in patient subgroups
	f. Correlation between prior lipoprotein levels and patient outcomes

	Discussion
	Conclusion
	Acknowledgements
	References




