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Abstract

Background: Sepsis is a major cause of mortality in adult, non-coronary intensive care units (ICUs) and holds significant
clinical importance. Multicentre prospective surveys have shown that 1% of hospitalized patients experience
bacteraemia, with 0.3% suffering from bacteraemia with severe sepsis. These rates increase eightfold and thirtyfold,
respectively, when ICU admissions are considered. Approximately 10% of ICU patients have sepsis, 6% have severe
sepsis, and 2-3% experience septic shock.

Aim: This study aimed to assess the dynamic changes in serum cholesterol levels in sepsis patients and evaluate
whether these cholesterol levels correlate with prognosis using the Sequential Organ Failure Assessment (SOFA) score.

Materials and methods: A comprehensive analysis was conducted over 18 months on 115 patients with sepsis. SOFA
scores and lipid profiles were collected at ICU admission (day 0) and day 3. Patients were categorized into two groups
based on their total cholesterol: Group A (<160 mg/dl) and Group B (>160 mg/dl). Statistical analysis was performed
to examine differences.

Results: The study found that 56.5% of patients had cholesterol <160 mg/dl (Group A) and 43.5% had >160 mg/dl
(Group B). Significant differences in cholesterol and SOFA scores between groups were observed on days 0 and 3 (p <
0.001). Mortality was higher in Group B, indicating that hypocholesterolaemia is associated with increased mortality
risk.

Conclusion: This study suggests that monitoring cholesterol levels can serve as a prognostic tool in sepsis. An
increasing cholesterol trend may indicate a better disease outcome.
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1. Introduction

Cholesterol is integral to several key physiologic processes including physical properties of the cell membrane,
maintenance of cell membrane integrity, signaling pathways, immunity, and as a precursor for the synthesis of
hormones, Vitamin D, and bile acids [11.

Hypolipidemia is a decrease in plasma lipoprotein caused by primary (genetic) or secondary (acquired) factors. It is
usually asymptomatic and diagnosed incidentally on routine lipid screening. The first report of hypocholesterolemia in
the medical literature was in 1911 by Chauffard and coworkers, in patients with active tuberculosis. Since then (about
95 years), only few dozens of studies were published in this regard. The terms Hypolipidemia, hypocholesterolemia and
hypobetalipoproteinemia are used interchangeably in the literature, and refer to reduced plasma cholesterol(* 21,
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Sepsis affects persons of all ages and is one of the leading causes of morbidity and mortality in patients admitted to an
intensive care unit (ICU). Sepsis is a dysregulated host response to infection that leads to acute organ dysfunction and
septic shock is a subset of sepsis in which underlying circulatory and cellular/metabolic abnormalities lead to
substantially increased mortality risk. According to a study on epidemiology of severe sepsis in India (2010), the
incidence of severe sepsis in India was 16.45% of all admissions. Intensive therapy unit mortality of all admissions was
12.08% and that of severe sepsis was 59.26%. Hospital mortality and 28-day mortality of severe sepsis were 65.2% and
64.6%), respectivelyl3 41,

Lipoproteins have been implicated to play a role in innate immunity. Authors have associated hypocholesterolemia with
inflammatory states. Lipopolysaccharide (LPS), the major component of the outer membrane of Gram-negative bacteria,
plays a key role in the initiation of inflammatory response in sepsis. Lipoprotein plays an important role in LPS binding
and neutralization, enzyme incorporation, inhibition of the expression of endothelial cell adhesion and stimulation of
the expression of endothelial nitric oxide synthase in vitro. Cholesterol and lipoprotein levels change rapidly over time
in patients with proinflammatory conditions, especially in critically ill intensive care unit (ICU) patients with severe
infection or sepsis/5. 6.

Most authors use the total serum Total cholesterol (TC) to define this condition. Yet, there is no consensus about the
level below which a clinically significant hypocholesterolemia will ensue, and each author used a different cut-off value.
Most of the authors use a cut-off value between 120 mg/dl (3.1 mmol/1) and 150m/dl (3.88mmol/1). However, some
authors use higher levels up to 190mg/dl (4.9mmol/1) while others use lower values such as 100mg/dl (2.59mmol/1)[71.

Epidemiologic studies have identified a relationship between hypocholesterolemia (<130mg/dL)and increased
mortality from all causes and authors in present study have considered total cholesterol less than 160 mg/dL as
hypocholesterolemia based on American Heart Association, Hypocholesterolemia occurring with the development of
infection was demonstrated during the 15-year period of the Kaiser Permanente study, conducted in 15000 healthy
men and women(8:15],

Other authors have associated hypocholesterolemia with inflammatory states. A 30% or greater reduction in lipid and
lipoprotein concentrations is known to occur in a variety of inflammatory states. Interleukin-6 and tumor necrosis
factor-a have been implicated as potent negative regulators of lipoprotein metabolism in vitro and in vivo. Fraunberger
and coworkers demonstrated a relationship between hypocholesterolemia and several disease states, as well as organ
dysfunction(®14],

The association between sepsis and cholesterol leads to the life-threatening organ dysfunction caused by a dysregulated
host response to infection. Little mechanistic work has been performed to date to understand the pathophysiological
mechanisms underlying hypocholesterolemia, nor clinical implications beyond the association with poor outcomes.
Nonetheless, the therapeutic possibilities of lipoprotein administration or modifying the cholesterol pathway in sepsis
are generating increasing interest. A recent review article noted that high-density lipoproteins (HDLs) display
antioxidant, antiapoptotic, antithrombotic, anti-inflammatory, and anti-infectious properties. Improved organ function
and survival were noted in animal models of sepsis infused with reconstituted HDL or an apolipoprotein A1 mimetic
(apolipoprotein Al being the major lipoprotein in HDL). A small pilot study of a cholesterol-sphingomyelin liposome
given to patients with pneumococcal pneumonia showed good safety and tolerability and an encouraging reduction in
organ dysfunction. A clinical trial with an anti-inflammatory intravenous fish oil emulsion is ongoing[10 111,

Many subsequent studies have demonstrated an association between the magnitude of decrease in serum cholesterol
in sepsis and mortality, in particular the component of cholesterol bound to high-density lipoprotein (HDL-C). The
association between outcome and serum levels of cholesterol bound to low-density lipoprotein (LDL-C) or triglyceride
(TG) appears less consistent. Many studies have used the cholesterol as a prognostic marker during the severe
infection[12.13],

Even though many studies have been done on hypolipidemia and sepsis still the lacunae persists and the complete

mechanism is not clear. Hence keeping this in mind the present study has been undertaken to find the association
between the hypolipidemia and the sepsis and to find the prognostic value of hypolipidemialt6.171,
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Aims and objective

e Aim
To examine the difference and dynamic changes in serum cholesterol levels in patients with sepsis and evaluate
whether these Cholesterol levels are associated with prognosis using SOFA score

e Objective
To assess how serum cholesterol levels vary and evolve in sepsis patients and investigate whether these levels are
related to prognosis according to the SOFA score.

2. Materials and methods

e STUDY DESIGN: Prospective study

2.1. Source of data

All patients admitted to Medicine Department, AL-AMEEN MEDICAL COLLEGE AND HOSPITAL VIJAYAPUR from
SEPTMBER 2022 TO march 2024, with SEPSIS were taken for the study considering the inclusion and exclusion criteria.

2.2. The inclusion criteria

e Age=18years
e patients admitted to the ICU/MICU/SICU with sepsis between September 2022 and MARCH 2024

2.3. Exclusion criteria

age less than 18 years

pregnancy

ICU readmission

need for primary cardiac care.

Patients with liver disease (hepatitis B, hepatitis C, immune hepatitis, liver cirrhosis, and hepatocellular
carcinoma),

e Dyslipidemia

2.4. Method of collection of data

For each patient, data on age, gender, comorbidity, length of ICU/MICU/SICU stay, and mortality were collected. In
addition, Sequential Organ Failure Assessment (SOFA) scores and laboratory data, including cholesterol, TG, HDL, LDL
were collected on day 0 (ICU admission) and day 3.

2.5. Method of test

2.5.1. Estimation of lipid profile

A total of 115 patients with sepsis admitted to Al Ameen Medical College and Hospital, Bijapur, were included in this
study. Patients have their history taken according to a proforma and subjected to clinical examination and investigations
like complete blood count, plasma glucose, blood urea, serum creatine, LFT, lipid profile, PT/INR, ECG, Chest X ray, USG
abdomen

2.6. Sample size

The anticipated Mean+SD of Total cholesterol (mg/dL) at Oth day and at 3rd day 110+0.11 and 113+12 respectively.
(11) The required minimum sample size is 115 to achieve a power of 80% and a level of significance of 5% (two sided)
and effect size 0.260, for detecting a true difference in means between 0th day and 3rd day. Sample size was calculated
using G*Power software. (t tests - Means: Difference between two dependent means (matched pairs)

2.7. Statistical analysis

The data obtained was entered in a Microsoft Excel sheet, and statistical analysis was Performed using statistical
package for the social sciences (Version 20).
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Descriptive analysis was performed using Mean #SD, Median and Inter quartile range, frequency, percentages and
diagrams.

For normally distributed continuous variables between paired data was compared using Paired t test for normally
distributed variables and for not normally distributed variables Wilcoxon signed rank paired test was used.

For normally distributed continuous variables between survival and non-survival patients was compared using
independent t test for not normally distributed variables Mann Whitney U test was used to evaluate the association with
prognosis.

To elucidate the associations and comparisons between different parameters, Chi square test was applied.

P less than 0.05 was considered statistically significant. All statistical tests were performed two tailed.

3. Results
Table 1 Distribution of group

GROUP Frequency | Percent
Total cholesterol <160 mg/dl (GROUP A) | 65 56.5
Total cholesterol >160 mg/dl (GROUP B) | 50 43.5
Total 115 100.0

INFERENCE: Among total, total cholesterol <160 mg/dl (group A) was 65(56.5%) and total cholesterol >160 mg/dl
(group B) was 50(43.5%).

Table 2 Comparison of lipid parameters at day 0 with group a (total cholesterol <160 mg/dl) and group b (total
cholesterol >160 mg/dl)

LIPID PARAMETERS GROUP | Mean | Std.Deviation | Mean diff | pvalue

Total Cholesterol (mg/dl) | GROUP A | 132.25 | 14.472 -58.754 <0.001***
GROUPB | 191.00 | 16.617

Triglyceride (mg/dl) GROUP A | 139.82 | 13.326 -12.105 <0.001***
GROUPB | 151.92 | 4.140

LDL (mg/dl) GROUP A | 8295 | 11.943 -24.366 <0.001***
GROUPB | 107.32 | 23.150

HDL (mg/dl) GROUP A | 38.08 | 5.348 -5.883 <0.001***

GROUPB | 43.96 | 6.266
Test used- independent t test, p<0.001*** very highly significant, p>0.05 insignificant

INFERENCE: Among the study patients, there was a statistically significant difference in relation to total cholesterol
distribution between group A (mean=132.25, SD=14.472) and group B (mean=191.00, SD=16.617) with a p value of
<0.001 as per unpaired t test.
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Table 3 Comparison of lipid parameters at day 3 with group a (total cholesterol <160 mg/dl) and group (total
cholesterol >160 mg/dl)

LIPID PARAMETERS GROUP | Mean | Std. Deviation | Mean diff | pvalue
Total Cholesterol (mg/dl) | GROUP A | 128.60 | 14.329 -57.920 <0.0071***
Day 3 GROUP B | 186.52 | 16.059

Triglyceride (mg/dl) GROUP A | 135.49 | 13.096 -12.968 <0.001***
Day 3 GROUP B | 148.46 | 4.586

LDL (mg/dl) GROUP A | 80.31 | 12.353 -24.452 <0.001***
Day 3 GROUP B | 104.76 | 22.388

HDL (mg/dl) GROUP A | 35.46 | 4.902 -6.058 <0.0071***
Day 3 GROUPB | 41.52 | 6.348

Test used- independent t test, p<0.001*** very highly significant, p>0.05 insignificant.
INFERENCE: Among the study patients, there was a statistically significant difference in relation to total cholesterol
distribution between group A (mean=128.60, SD=14.329) and group B (mean=186.52, SD=16.059) with a p value of

<0.001 as per unpaired t test. The total cholesterol at day 3 was less in group A in comparison to group B.

Table 4 Comparison of sofa score with group a (total cholesterol <160 mg/dl ) and group b (total cholesterol >160

mg/dl)
SOFA SCORE | GROUP | Mean | Std. Deviation | Mean diff | pvalue
SOFA GROUPA | 1.95 1.643 1.274 <0.0071***
GROUP B | 0.68 0.741
SOFA GROUPA | 2.05 | 1.856 1.99 <0.001***
At Day 3 GROUP B | 0.06 0.240
Test used- independent t test, p<0.001*** very highly significant, p>0.05 insignificant
INFERENCE

SOFA: Among the study patients, there was a statistically significant difference in relation to SOFA distribution between
group A (mean=1.95, SD=1.643) and group B (mean=6.8, SD=.471) with p value of <0.001 as per unpaired t test. The
SOFA was less in group B in comparison to group A.

SOFA AT DAY 3: Among the study patients, there was a statistically highly significant difference in relation to SOFA at
day 3 distribution between group A (mean=2.05, SD=1.856) and group B (mean=.06, SD=.240) with p value of <0.001
as per unpaired t test. The SOFA at day 3 was less in group B in comparison to group A.

Table 5 Distribution of patient survival in group a (total cholesterol <160 mg/dl) and group b(total cholesterol >160
mg/dl)

Patient survived | GROUP Total Chi value | pvalue
GROUP A | GROUP B

Yes 28 3 31 19.973 <0.001***
24.3% 2.6% 27.0%

No 37 47 84
32.2% 40.9% 73.0%

TOTAL 65 50 115
56.5% 43.5% 100.0%

Test used- chi square, p<0.001*** significant
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INFERENCE: Among total 65(56.5%) from group A, maximum 37(32.2%) patient were not survived. Among total
50(43.5%) from group B, maximum 47(40.9%) patients were not survived. Results were found to be highly significant
on comparing group A and group B with patient survived.

4. Discussion

Septicemia is a state of microbial invasion from a portal of entry into the blood stream which causes sign of illness. In
response to an infection, body’s immune system reacts and protects but sometimes it goes into overdrive, attacking the
body itself. This overactive toxic response of the body causes the clinical syndrome of sepsis rather than the direct
effects of micro-organisms.

In recent studies, it is shown that cholesterol metabolism is highly influenced by a state of widespread inflammation
which is usually secondary to bacteremia. Cholesterol levels are adversely affected by infection or organ dysfunction,
but the physiologic significance for these decreased concentrations is not known. The terms Hypolipidemia,
hypocholesterolemia and hypobetalipoproteinemia are used interchangeably in the literature, and refer to reduced
plasma cholesterol. Most authors use the total serum cholesterol (TC) to define this condition.

Thus, based on this the present prospective study has been conducted in the Medicine Department, AL-AMEEN
MEDICAL COLLEGE AND HOSPITAL VIJAYAPUR from SEPTMBER 2022 TO march 2024. The study included all the
patients above 18 yrs with some exclusion criteria with the sample size of 115.

For each patient, Sequential Organ Failure Assessment (SOFA) scores and total cholesterol was collected on day 0 (ICU
admission) and day 3 and the observations were made and statistical analysis was done.

In the present study we have divided the 115 patients into two groups based on cholesterol levels. We made total
cholesterol levels less than 160 (Total cholesterol <160 mg/dl) as GROUP A and total cholesterol levels more than 160
(Total cholesterol >160 mg/dl) as GROUP B.

Most of the authors use a cut-off value between 120mg/dl (3.1 mmol/1) and 150m/dl (3.88mmol/1).2,5 However, some
authors use higher levels up to 190mg/dl (4.9mmol/1) while others use lower values such as 100mg/dl (2.59mmol/1).4-
8 Epidemiologic studies have identified a relationship between hypocholesterolemia (<130mg/dL)and increased
mortality from all causes and we in present study have considered total cholesterol less than 160 mg/dL as
hypocholesterolemia based on American Heart Association. Thus, we have taken cut off value as 160mg/dl in our study.

In the present study (table 1) shows the distribution of group. Among total, total cholesterol <160 mg/dl (group A) was
65(56.5%) and total cholesterol >160 mg/dl (group B) was 50(43.5%). This shows group A cases were more compared
to group B.

4.1. Total cholesterol and disease outcome:

In this study total cholesterol at day 0, we found that among the study patients, there was a statistically significant
difference in relation to total cholesterol distribution between group A (mean=132.25, SD=14.472) and group B
(mean=191.00, SD=16.617) with a p value of <0.001 as per unpaired t test. It was clear that total cholesterol was less in
group A in comparison to group B.

In this study total cholesterol at day 3, shows among the study patients, there was a statistically significant difference
in relation to total cholesterol distribution between group A (mean=128.60, SD=14.329) and group B (mean=186.52,
SD=16.059) with a p value of <0.001 as per unpaired t test. It was clear that total cholesterol at day 3 was less in group
A in comparison to group B.

There is significant reduction in total cholesterol from day 0 to day 3.

These findings are in consistency with the findings of study conducted by Concepclon Alvarez and Alvarez Ramos
(1986),17 in their study sepsis was found to cause concentrations of total cholesterol, high-density lipoprotein
cholesterol, and apoproteins A and B in serum to decrease, whereas triglycerides increase.6 Similarly C. Iribarren and
his associates (1998)18 found inverse relationship between sepsis and cholesterol level which is in consistent with the
instant study.7 Giovannini I and his associates (1999)19 assessed and correlates hypocholesterolemia in moderate to
critical surgical illness and observed cholesterol level decreased after surgery, in sepsis, liver failure. They found that
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dynamics of the development, clinical relevance, and a fall in level of serum cholesterol was also negatively correlated
to clinical outcome and length of stay, which carries additional mortality risk.

As discussed by Das S et al6 patients showing decreasing trend of total cholesterol levels is a poor prognostic indicator
of disease outcome, whereas my study does not confirm the above results. This is because in Das S et al study ICU
patients suffering from sepsis disease alone was taken for study, but in my study ICU patients suffering from various
disease were included hence the disease outcome varies independent of total cholesterol value.

In this study it has been observed that patients with sepsis in ICU develop extremely low cholesterol levels. Lipoproteins
have been known to play an innate immunity and variation in its level have been observed in a variety of inflammatory
disorders, but not much is known about lipoprotein metabolism in patients with sepsis. Some authors believe that
hypocholesterolemia is a more sensitive marker for the onset of infection than leukocytosis Moreover,
hypocholesterolemia was also significantly correlated with the intensity of the acute phase responses during sepsis. A
study by Chiarlo et al has shown that hypocholesterolemia gets aggravated by the simultaneous development of
hypertriglyceridemia.

4.2. SOFA SCORE WITH GROUP A (Total cholesterol <160 mg/dl) AND GROUP B (Total cholesterol >160 mg/dl)

In this study, we observed that SOFA score at day 0 was among the study patients, there was a statistically significant
between group A (mean=1.95, SD=1.643) and group B (mean=6.8, SD=.471) with p value of <0.001 as per unpaired t
test. It was clear that SOFA was less in group B in comparison to group A

Among the study patients, there was a statistically highly significant difference in relation to SOFA at day 3 distribution
between group A (mean=2.05, SD=1.856) and group B (mean=.06, SD=.240) with p value of <0.001 as per unpaired t
test. It was clear that SOFA at day 3 was less in group B in comparison to group A.

A significant increase in day 0 SOFA score is associated with hypocholesterolemia among patients admitted in ICU with
sepsis, elevated day 1 SOFA score levels were more common when patients admitted in ICU with sepsis present with
hypocholesterolemia

A significant increase in day 3 SOFA score is associated with hypocholesterolemia among patients admitted in ICU with
sepsis, elevated day3 SOFA score levels more common when patients admitted in ICU with sepsis present with
hypocholesterolemia SOFA Score Day 0 and 3 = 2 and hypocholesterolemia are significant and strong independent risk
factors for predicting death in patients admitted in ICU with sepsis.

4.3. Distribution of patient survival in group A (Total cholesterol <160 mg/dl) and group B (Total cholesterol
>160 mg/dl)

In the present study we observed that among total 65(56.5%) from group A, maximum 37(32.2%) patient were not
survived. Among total 50(43.5%) from group B, maximum 47(40.9%) patients were not survived. There is a significant
death with the increase in the SOFA score. This indicates that hypocholesteremia increases the risk of mortality.

As a matter of fact, the contribution of hypocholesterolemia to mortality might be modest compared to increase in
severity of illness but nevertheless these simple measurements represent a potential therapeutic target in sepsis. The
mechanism that modifies cholesterol level in sepsis is not yet well understood and further studies in populations with
sequential cholesterol monitoring for a longer period will lead to more timely interventions and enhance patient
outcomes.

5. Conclusion

It is clear from present study that monitoring the total cholesterol level can be used as prognostic tool in ICU patients.
The increasing trend in total cholesterol level indicates better prognosis of disease outcome. Similarly, the increasing
trend in HDL and LDL levels also can be used as prognostic tool to determine the survival rate of patient. However, from
the observations of the present study we would like to suggest that, new therapies directed at increasing serum
cholesterol level may have significant options in better management of sepsis.

2802



International Journal of Science and Research Archive, 2024, 13(01), 2796-2804

Compliance with ethical standards

Acknowledgement

The authors would like to thank all the Teaching and Non-Teaching Staff and postgraduate residents of Al-Ameen
Medical College & Hospital, Vijayapura for their cooperation and support throughout the study and for timely help in
preparing charts and tables.

Disclosure of conflict of interest

No conflict of interest to be disclosed.

Statement of ethical approval

The study was approved by the Institutional Ethical Committee.

Statement of informed consent

Informed consent was obtained from all individual participants included in the study.

References

[1] Gaddam BK, Narayanan M. Study of serum HDL cholesterol levels in sepsis patients and its prognostic
significance. Int ] Adv Med. 2019; 6:312-7.

[2] Seymour CW, Angus DC. Sepsis and Septic Shock. Harrison's Principles of Internal Medicine.20th ed. McGraw Hill,
2018, 2044-2052.

[3] Todi S, Chatterjee S, Sahu S, Bhattacharyya M. Epidemiology of severe sepsis in India: an update. Critical Care.
2010; 14(Suppl 1):P382.

[4] Gordon BR, Parker TS, Levine DM, Saal SD, Wang ]JC, Sloan B]J et al. Relationship of hypolipidemia to cytokine
concentrations and outcomes in critically ill surgical patients. Crit Care Med. 2001; 29:1563-8.

[5] Nguyen HB, Rivers EP, Abrahamian FM, Moran GJ], Abraham E, Trzeciak S, et al. Severe sepsis and septic shock:
review of the literature and emergency department management guidelines. Ann Emerg Med. 2006; 48(1):28-
54.

[6] Kothari N, Bogra ], Kohli M, Malik A, Kothari D, Srivastava §, et al. Role of active nitrogen molecules in progression
of septic shock. Acta Anaesthesiol Scand. 2012; 56(3):307-15.

[7] Crouser ED. Mitochondrial dysfunction in septic shock and multiple organ dysfunction syndrome. Mitochondrion.
2004; 4(5-6):729-41.

[8] Munford RS. Severe sepsis and septic shock. Harrison's Principles of Internal Medicine.19th ed. McGraw Hill.
2015; 1751-1759.

[9] Monigari N, Vidyasagar S, Elagandula J. Study of Serum HDL Levels in Severe Sepsis Patients in Medical Intensive
Care Unit. Int ] Sci Research Publicati. 2015; 5(7):1-13.

[10] Memis D, Gursoy O, Tasdogan M, et al. High Creactive protein and low cholesterollevels are prognostic markers
of survival in severe sepsis. ] ClinAnesth. 2007; 19:186-191.

[11] Das S, Bhargav S, Manocha A, Kankra M, Ray S, Srivastava LM. The Prognostic Value of Hypocholesterolemia in
Sepsis. Asian ] Pharm Biol Res. 2011; 1(1):41-46.

[12] Biller K, Fae P, Germann R, Drexel H, Walli AK, Fraunberger P. Cholesterol rather than procalcitonin or C-reactive
protein predicts mortality in patients with infection. Shock. 2014; 42:129-132.

[13] Botero Hernandez, ].S.; Perez Florian, M.C. The history of sepsis from ancient Egypt to the XIX century. In Sepsis—
An Ongoing and Significant Challenge; IntechOpen: London, UK, 2012.

[14] Singer, M.; Deutschman, C.S.; Seymour, C.W.; Shankar-Hari, M.; Annane, D.; Bauer, M.; Bellomo, R.; Bernard, G.R;

Chiche, ].-D.; Coopersmith, C.M.; et al. The third international consensus definitions for sepsis and septic shock
(Sepsis-3).]. Am. Med. Assoc. 2016, 315, 801-810.

2803



International Journal of Science and Research Archive, 2024, 13(01), 2796-2804

[15] Hotchkiss, R.R.; Moldawer, L.L.L.; Opal, S.M.; Reinhart, K.; Turnbull, LL; Vincent, J.-L. Sepsis and septic shock. Nat.
Rev. Dis. Prim. 2016, 2, 1-21.

[16] Hofmaenner DA, Arina P, Kleyman A, Black LP, Salomao R, Tanaka S, Guirgis FW, Arulkumaran N, Singer M.
Association between hypocholesterolemia and mortality in critically ill patients with sepsis: a systematic review
and meta-analysis. Critical Care Explorations. 2023 Feb 1;5(2):e0860.

[17] Bidhuri T, Pahwa KK, Bidhuri D, Pahwa I. Study of serum cholesterol levels as a prognostic marker in patients
with sepsis. Age (yrs).;55:16-40.

2804



