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The Relationships of Hypocholesterolemia to Cytokine
Concentrations and Mortality in Critically Ill Patients
with Systemic Inflammatory Response Syndrome

DANIEL A. BONVILLE,' THOMAS S. PARKER *
DANIEL M. LEVINE,* BRUCE R. GORDON,2#* LYNN J. HYDO,!
SOUMITRA R. EACHEMPATL,! and PHILIP S. BARIE!?

ABSTRACT

Background: Decreased concentrations of total cholesterol, lipoproteins, and lipoprotein cho-
lesterols occur early in the course of critical illness. Low cholesterol concentrations correlate
with high concentrations of cytokines such as interleukin (IL}-6 and IL-10, and may be due
to decreased synthesis or increased catabolism of cholesterol. Low cholesterol concentrations
have been associated clinically with several adverse outcomes, including the development of
nosocomial infections. The study was performed to test the hypothesis that a low cholesterol
concentration predicts mortality and secondarily predicts the development of organ dys-
function in critical surgical illness.

Methods: A prospective study was undertaken of 215 patients admitted to a university sur-
gical ICU with systemic inflammatory response syndrome (SIRS). Serial blood samples were
collected within 24 h of admission, as well as on the morning of days 2, 4, and 7 of the ICU
stay for as long as the patients were in the ICU. Demographic data and predetermined out-
comes were noted.

Results: One hundred nine patients had at least two samples drawn and form the popula-
tion for analysis. Sixty-two of the patients had three samples obtained, whereas 42 patients
had four samples obtained. By univariate analysis, non-survivors were more severely ill on
admission (APACHE III), more likely to have been admitted to the ICU as an emergency, more
likely to develop a nosocomial infection, and more likely to develop severe organ dysfunction
(MODS) (all, p < 0.05). Death was associated on day 1 with increased concentrations of sIL-
2R, IL-6, IL-10, and sTNFR-p75 (all, p < 0.01), but there were initially no differences in serum
lipid concentrations. However, by day 2, concentrations of IL-6, IL-10, and cholesterol had de-
creased significantly (all, p < 0.05) from day 1 in non-survivors but not in survivors; the dif-
ference in serum cholesterol concentration persisted to day 7 (p < 0.05). Persistently elevated
concentrations of IL-6 and IL-10 were observed in patients who developed severe MODS. By
logistic regression, increased APACHE III score, development of a nosocomial infection, and
decreased cholesterol concentration were independently associated with mortality.

Departments of 'Surgery, 2Medicine, and *Public Health, Weill Medical College of Cornell University, and *The
Rogosin Institute, Anne and Max A. Cohen Surgical ICU, New York-Presbyterian Hospital, Weill Cornell Campus,

New York, New York. .
Presented at the First Joint Meeting of the Surgical Infection Society and the Surgical Infection Society~Europe.

Madrid, Spain, May 2~4, 2002,
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Conclusions: Decreased serum cholesterol concentration is an independent predictor of mor-
tality in critically ill surgical patients. Repletion of serum lipids is a feasible therapeutic ap-

proach for the management of critical illness.

YSTEMIC INFLAMMATORY RESPONSES can result

from activation of host defenses following
either injury or infection. The systemic inflam-
matory response syndrome (SIRS) is character-
ized in part by widespread activation of im-
mune cells and the elaboration of cytokines,
such as tumor necrosis factor-alpha (TNF-a)
and interleukin-1 (IL-1), and other muoieties
[1]. Up-regulation of the pro-inflammatory re-
sponse also consists of activation of coagula-
tion, complement, and the kinin systems, acti-
vation of neutrophils and mononuclear cells,
and disruption of the microcirculation. Va-
soreactivity leads to tissue edema, hypo-
volemia, and hypoxemia; hemodynamic insta-
bility, acidosis, and shock may result. Also
characteristic of SIRS is altered hepatic function
with disrupted hepatocyte—Kupffer cell in-
teractions [2], leading to disruption of re-
ticulothelial host defenses as well as altered
carbohydrate, protein, and lipid metabolism.
Numerous mechanisms have been elucidated,
but specific, effective treatment and prophy-
laxis remain elusive.

The systemic pro-inflammatory response is
believed to be mitigated by an anti-inflamma-
tory counter-regulatory response, consisting in
part of the elaboration of glucocorticoids, IL-4,
IL-10, and other factors. Although the compo-
nents of the putative counter-regulatory re-
sponse are increasingly well described, clinical
outcomes remain variable and difficult to pre-
dict. The SIRS may resolve spontaneously fol-
lowing surgical stress, or may persist with dele-
terious clinical consequences [3], including an
increased risk of the development of nosoco-
mial infection, multiple organ dysfunction syn-
drome (MODS), or death. This risk is present
regardless of whether the inflammatory response
is sterile, or as a result of infection (sepsis).

The relationship of inflammation and its res-
olution with the progression of SIRS to MODS
remains a matter of speculation. Adverse con-
sequences may result from exuberant inflam-
mation that overwhelms maximal compen-

satory mechanisms, from an inadequate anti-
inflammatory response to a typical stimulus, or
from temporal malalignment of the inflamma-
tory “ebb and flow” (e.g., the “second-hit” phe-
nomenon) [4]. Incomplete understanding of
these inter-relationships and their impact on
outcome may be due to several factors, e.g.,
lack of clinically relevant anti-inflammatory
markers, failure to identify as yet markers that
may be informative, irrelevance of detectable
circulating markers, or faulty interpretation of
observations already made (i.e., linear descrip-
tions of complex, non-linear systems).

It has been observed that concentrations of
total and lipoprotein cholesterol decrease
markedly in the early phases of critical illness
[5,6]. Moreover, there is increasing evidence
that cholesterol metabolism is related to in-
flammation [7-9], and indeed, may regulate
and be regulated by proinflammatory cy-
tokines [10~13]. Low cholesterol concentration
has been associated with relevant clinical out-
comes including death, development of noso-
comial infection, length of intensive care unit
stay, and the magnitude of organ dysfunction
[5,14]. This study was performed to test the hy-
pothesis that low cholesterol concentration is
related to the development of organ dysfunc-
tion and mortality in critically ill surgical pa-
tients admitted with SIRS, and to delineate
further the relationships among pro- and anti-
inflammatory cytokines and cholesterol me-
tabolism.

PATIENTS AND METHODS

The study was performed in the surgical ICU
of New York-Presbyterian Hospital-New York
Weill Cornell campus, after approval of the
study by the Committee on Human Rights in
Research of Weill Medical College of Cornell
University. Eligible patients were those admit-
ted with SIRS (=2 criteria), regardless of etiol-
ogy or severity of illness. Oral informed con-
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sent was obtained from all patients. Demo-
graphic data collected included age, gender,
admission diagnosis, admission status (elec-
tive/emergency), whether phenytoin (raises
cholesterol concentration) or statin drugs (low-
ers cholesterol concentration) were adminis-
tered recently or concurrently, severity of ill-
ness (APACHE IJ, III) [15,16], development of
a nosocomial infection (CDC criteria) [17], in-
cidence (MOF) and magnitude (MMOD) of or-
gan dysfunction (Marshall criteria) [16], ICU
length of stay (ULOS), and mortality.

Serial blood samples were obtained within
24 h of ICU admission (day 1) and thereafter
on the morning of days 2, 4, and 7 for as long
as the patient remained critically ill and in the
ICU. Samples were iced immediately and cen-
trifuged; serum was frozen at —70°C for later
analysis. Samples were analyzed for total
bilirubin concentration, concentrations of total,
HDL- and LDL-cholesterol, apolipoprotein A,
and triglycerides by enzymatic methods (Roche
Diagnostic Systems, Indianapolis, IN). Con-
centrations of IL-1, sIL-2r, IL-6, IL-10, TNF-a,
SsTNFR p55, and sTNFR p75 were assayed by
automated ELISA (Roche COBAS Core I,
Roche Diagnostic Systems, Basel, Switzerland).

Statistical analysis was performed using com-
mercial software (Statview 4.1 with SuperA-
NOVA 1.1.1, ACIUS Inc., Cupertino, CA; True
EpiSTAT, EpiSTAT Services, Richardson, TX).
The primary endpoint was mortality, and the
principal secondary endpoint was the magni-
tude of organ dysfunction. Univariate analysis
of coordinate variables was performed by chi-
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square with Fisher exact test, and univariate
analysis of continuous variables was per-
formed by Mann-Whitney U-test. Changes in
continuous variables with respect to time were
analyzed by repeated-measures analysis of
variance (ANOV A) with Bonferroni correction,
and correlations were made by the Pearson
method. Statistical significance was defined at
o = 0.05. Univariate results of possible statisti-
cal significance (e < 0.15) were tested in mul-
tivariate models for independence of effect
upon defined dependent outcome variables af-
ter auto-correlation was excluded by matrix
correlations and the Durbin-Watson test. The
factors influencing MMOD, analyzing MMOD
as a continuous dependent variable, were tested
by multivariate ANOVA. The factors influenc-
ing mortality were analyzed by logistic regres-
sion. Odds ratios and 95% confidence intervals
were determined, and the sensitivity, speci-
ficity, and goodness of fit (model chi-square)
were determined for each logistic regression
model.

RESULTS

Two hundred fifteen patients contributed
431 blood samples. Only a single sample was
obtained from 106 patients; thus, this analysis
is based on data from 109 patients who con-
tributed at least two serial samples. Eighteen of
the patients were taking phenytoin (which
can increase serum cholesterol concentration),
whereas nine patients were taking a statin drug

TABLE 1. DEMOGRAPHICS OF PATIENTS W10 HaD MULTIPLE SAMPLES DRAWN

All Survivors Non-survivors P-value

N 109 82 27
Age 645 = 1.6 63.7 £ 19 69.9 £29 0.4055
Female gender (%) 45.8 46.9 42.9 0.8267
APACHE 11 19.8 = 0.6 175 = 0.6 26,6 = 1.1 <0.0001
APACHE III 66,2 = 2.7 56.3 = 2.3 96.4 + 5.1 <0.0001
SIRS score 28 +01 28+ 21 29 = 0.1 0.6952
ULOS 77 £ 1.0 6512 114 = 1.9 0.0361
MOF (%) 789 71.9 100 0.0008
MMOD 6.1+ 05 3.6 = 04 133 £ 0.7 <0.0001
Emergent (%) 62.4 56.1 81.5 0.0220
Nosocomial infection (%) 30.1 23.2 51.9 0.0076
Admitted with sepsis (%) 211 19.5 259 0.5870
Statin (%) 82 8.5 74 >0.9999
16.5 14.6 22.2 0.3780

Phenytoin (%)
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TabLE 2. DAY 1 SERUM CONCENTRATIONS FOR 109 PATIENTS, STRATIFIED BY SURVIVAL
Parameter All Survivors Non-survivors P-value
Lipids/lipoproteins
Cholesterol 135.1 = 55 1331 = 49 140.8 +* 165 0.5496
Triglycerides 157.1 = 156 1393 = 49 2086 * 56.6 0.0519
HDL-cholesterol 309 = 17 322 = 18 273 * 4.0 0.1628
LDL-cholesterol 73.9 = 40 733 £ 40 759 = 106 0.6661
VLDL-~cholesterol 314 = 31 279 = 15 417 = 113 0.0519
Apolipoprotein A 81.8 = 34 852 = 3.6 717 = 7.7 0.0831
Apolipoprotein B 64.8 = 34 632 *® 27 69.6 = 89 0.4779
Cytokines
sIL-2R 076 = 0.06 0.63 = 0.05 1.20 0.20 0.0021
IL-6 11211 = 3486 5372 + 1855 2894.4 =+ 1245.8 0.0031
IL-10 179 = 58 83 = 21 469 * 221 0.0038
sTNFR-p55 64 *= 1.1 56 = 12 8.6 = 2.7 0.2504
STNFR-p75 99 = 08 87 + 06 13.9 % 2.4 0.0034

(which can decrease serum cholesterol concen-
tration); neither drug confounded the results.
Sixty-two patients contributed three samples,
whereas 42 patients contributed the maximum
four samples. The mean age of the patients was
64 = 2 years (Table 1). The mean APACHE III
score was 66 = 3 points, and the mean SIRS
score was 2.8 = 0.1 points. The mortality rate
was 24.7%. Patients who died were signifi-
cantly more ill (by APACHE scores) on admis-
sion, but there was no difference in the per-
centage of patients admitted with sepsis of any
type. Patients who survived had a significantly
shorter length of stay, whereas patients who
died were more likely to have been admitted
emergently to the ICU, to develop a nosocomial
infection, to develop organ failure, and had a
significantly higher MOD score (Table 1).
Admission data for biochemical analyses are
presented in Table 2. Without stratification, the
mean total cholesterol concentration was 135 =
6 mg/dL. On admission, there were no differ-
ences between survivors and non-survivors for
the concentration of any lipid or lipoprotein. In
contrast, circulating concentrations of several
cytokines were higher in the non-survivors, in-

cluding sIL-2r, IL-6, IL-10, and sTNFr-p75
(Table 2).

Among patients who remained in the ICU
for serial blood sampling, SIRS was persistent
over time, and similar in magnitude between
survivors and non-survivors (Table 3). Among
the 109 patients studied twice, there were sig-
nificant decreases in concentrations of choles-
terol, IL-6, and IL-10 from day 1 to day 2. These
decreases were significantly larger among non-
survivors (Table 4, Figs. 1 and 2). By day 7, a
significant decrease persisted only for the de-
crease in serum cholesterol (Table 5, Fig. 1).

The mean MMOD score was 6.1 £ 0.5 points,
and differed significantly between survivors
and non-survivors (3.6 =04 vs. 13.1 +0.7
points, p < 0.0001) (Table 1). Using the mean
MMOD score of six points as a discriminator,
serum cholesterol decreased from day 1 to day
2 in non-survivors compared with survivors,
and increased in non-survivors to a signifi-
cantly lesser degree by day 7 (Fig. 3). A higher
MMOD score was associated with significantly
higher serum concentrations of IL-6 and IL-10
that were not sustained (Fig. 3). There was no
correlation (r? = 0.07) between serum bilirubin

TABLE 3. CHANGES IN SIRS ScORES OVER TIME

Day 1 2 ¢ 7

N 215 109 62 42
Survivors 2.83 * 0.09 2,74 + 0.08 2,61 = 0.16 257 + 0.22
Non-survivors 2.89 * 0,14 2.85 + 0.14 245 *+ 0.20 2.81 + 0.21

The p-value was nonsignificant.
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TapLE 4. CHANGES IN SERUM CONCENTRATIONS OF CYTOKINES AND Lipips, DAY 1 VERSUS DAY 2, FROM 109 PATIENTS

All Survivors Non-survivors P-value
AIL-10 -108 * 37 =55 £ 19 —-269 * 13.6 0.0125
AlL-6 -724 =+ 312 —354 + 175 ~1845 * 1132 0.0388
AsIL-2r 0.052 = 0.042 0.054 = 0.043 0.043 = 0.114 0.9104
AsTNFR-p55 ~0252 = 0.844 -0.677 = 1.1 1.0 = 09 0.3824
ASTNFR-p75 0390 = 0375 0.383 = 0.357 0410 = 0.360 0.9756
AAPO-A =59 * 17 -44 += 17 106 = 45 0.1113
ACholesterol 28 * 35 83 =+ 33 —-139 * 98 0.0066

See text for abbreviations.

concentration and cholesterol concentration
(data not shown), inferring no influence of he-
patic function on circulating lipids.

The results of linear multivariate analysis of
the independent effects of circulating mediator
concentrations on outcomes are shown in Table
6. Because the sample sizes are small and the
data may not be arrayed with a normal distrib-
ution, the analyses are performed using the
change in concentrations from baseline (day 1)
concentrations. The results of multiple linear re-
gression and multivariate ANOVA areidentical.
Interleukin-6 and IL-10 concentrations are asso-
ciated with the development (magnitude) of
MODS, whereas 1L-10 and cholesterol concen-
tration had an independent effect on mortality.

Analyses of independent effects on mortal-
ity assessed by logistic regression are shown in
Tables 7 and 8. Logistic regression is a better
mode to employ when data do not fit a normal
distribution, but the analysis is not possible
when the dependent variable is a continuous
variable (i.e., MMOD). In Table 7, the effects of

changing mediator concentrations (day 1 to
day 2) are examined separately because their
effect on outcome is modest, and might be ob-
scured by major clinical influences. The influ-
ence of the decrease in cholesterol concentra-
tion upon mortality is confirmed, whereas the
independence of effect of changing IL-10 con-
centration is lost, albeit barely. In this model,
each decrease in cholesterol concentration of 1
mg/dL increases the chance of mortality by
2.8%. However, although the model is a good
fit to the data (goodness of fit chi-square 4.00,
p = 0.68), only 11% of the observed mortality
is explained. Specificity is high but sensitivity
is low, and only 81% of cases are classified cor-
rectly by the data.

In Table 8, a model that incorporates clinical
factors (severity of illness, emergency status,
development of a nosocomial infection) is pre-
sented. The independent effect of hypocholes-
terolemia upon mortality is reconfirmed (each
decrease of 1 mg/dL increases mortality by
3%). However, each one-point increase in

Changes in Serum Cholesterof Concentration

1 Non-Survivors & Survivors
* *
+ L * p<0.05
Day 1 vs. Day 2 Day 1vs. Day 7

FIG.1. Changes in serum cholesterol concentrations over time. A persistent decrease in serum cholesterol was noted
among non-survivors. *p < 0.05 for survivors versus non-survivors.
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FIG. 2. Changes in serum IL-10 concentrations over time. Non-survivors had a marked decrease in IL-10 concen-
tration on day 2. *p < 0.05 for survivors versus non-survivors.

APACHE III score increased mortality by 8%,
emergency admission increased the risk of
mortality by 27%, and the development of a
nosocomial infection increased the chance of
death by nearly ninefold. The model is again a
good fit to the data, and 49% of the observed
mortality is explained. Higher sensitivity in-
creased the percentage of cases classified cor-
rectly to 86%. There was insufficient statistical
power to assess the influence of the various fac-
tors on the development of nosocomial infec-
tion, owing to the occurrence of only 27 such
cases. A model could be constructed to explain
65% of the variability of mortality by analyz-
ing MMOD as an independent variable, but
that was proscribed by the analytical plan.

DISCUSSION

It is well established that serum lipid con-
centrations are decreased after surgical stress

and during sepsis. Akgun et al. observed a sig-
nificant 28% decrease in total cholesterol con-
centration among 11 male patients who under-
went major elective surgery [18], reaching a
nadir within 24 h and recovering over 7-10
days. Similar decreases were noted in serum
concentrations of HDL- and LDL-cholesterol
[18]. Interleukin-6 concentrations were increased,
and there was a significant inverse relationship
between IL-6 and total cholesterol concentra-
tions. Several studies highlight the relation-
ship between low serum cholesterol and sep-
sis [19-23]. Mentz and Magnette [20] stratified
120 septic patients into groups based on the
fasting concentration of C-reactive protein
(CRP), and compared the patients to 40 volun-
teers, finding an inverse relationship between
concentrations of CRP and cholesterol. Fraun-
berger et al. [21] measured cytokine and lipid
concentrations in seven patients with septic
shock, and compared the results to healthy con-
trol subjects. Increased TNF production by the

TABLE 5. CHANGES IN SERUM CONCENTRATIONS OF CYTOKINES AND Lipips, Day 1 vERsUS DAY 7, FROM 42 PATIENTS

All Survivors Non-survivors P-value
AIL-10 -94 * 38 -65 * 48 -145 = 6.2 0.3204
AlL-6 ~1236 + 715 -217 =+ 286 —3071 + 1884 0.0549
AsIL-2r -0.081 = 0.042 -0.115 £ 0.118 —0.021 % 0.176 0.6514
AsTNFR-p55 26 * 23 38 =+ 35 0.553 * 15 0.5087
AsTNFR-p75 21 = 1.3 15 = 17 0.553 * 1.5 0.4986
AAPQO-A -19.3 * 40 -226 *= 55 -145 = 5.7 0.1113
ACholesterol 81 * 76 418 = 33 —-63 + 201 0.0341

See text for abbreviations.
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FIG.3. Concentrations of IL-6 (pg/mL) and IL-10 (pg/mL) over time, stratified by the degree of organ dysfunction
(MOD). Patients with a high degree of organ dysfunction had persistent elevations of the two cytokines.

patients in septic shock correlated with low
total cholesterol concentration and concentra-
tions of apolipoproteins A; and B. In compan-
ion in vitro studies, TNF increased the degra-
dation of [-LDL in human fibroblasts and
endothelial cells, and in HepG2 hepatoma cells
[21]. Dunham et al. studied 28 mechanically
ventilated trauma patients, finding lower
serum cholesterol concentrations in non-sur-
vivors [23], a close correlation with the onset
of nosocomial infection and an increasing
magnitude of organ dysfunction, and in-
creased cholesterol concentration during con-
valescence.

Decreased total cholesterol, HDL-, and LDL-
cholesterol concentrations have been docu-
mented in patients infected with human immuno-
deficiency virus, with and without acquired
immunodeficiency syndrome [24]. Patients with
community-acquired pnetmonia also manifest
hypocholesterolemia [25,26]. Rodriguez Reguero

et al. observed lipid profiles over a 6-month pe-
riod in 60 patients with community-acquired
pneumonia [25]. Concentrations of total and
HDL-cholesterol and of apolipoproteins Al
and B were all decreased during the acute in-
fection {25], All values had normalized by day
15, except for the HDL-cholesterol concentra-
tion, which continued to increase toward base-
line for the entire period of observation.
Hypocholesterolemia has also been associ-
ated with the development of nosocomial in-
fections [14,26-28), especially in the postoper-
ative period. Leardi et al. [27] found the risk of
postoperative infection to be 73% among pa-
tients with a total cholesterol concentration of
<105 mg/dL, compared with an incidence of
infection of 35% (p < 0.001) with a higher cho-
lesterol concentration. Delgado-Rodriguez et
al. followed 1267 general surgery patients
prospectively for the development of postop-
erative infections, including surgical site infec-

TABLE 6. RESULTS OF LINEAR MULTIVARIATE ANALYSES

MANOVA dependent

MANQVA dependent

Multiple linear regression  Mulliple linear regression

(MMOD) (expired) (MMOD) (expired)

p-value p-value p-value p-value

AIL-10 0.0268 0.0157 0.0266 0.0156
AIL-6 0.0432 0.2347 0.0432 0.2345
AsIL-2R 0.7373 0.2737 0.7283 0.2696
AsTNER-p55 0.2968 0.1411 0.2966 0.1413
AsTNFR-p75 0.5376 0.4901 0.5360 0.4913
AAPOA 0.3860 0.9626 0.3872 0.9637
ACholesterol 0.1693 0.0244 0.1694 0.0244

See text for abbreviations.
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TABLE 7. MULTIPLE LoGIsTIC REGRESSION, EXPIRED = QUTCOME (DEPENDENT) VARIABLE, PREDICTORS CHANGE DAY 1-2

95% CI

Predictor Coefficient Standard ervor p-value Lower Upper
AIL10 —0.0148 0.0077 0.0560 -0.0299 0.000375
AIL6 —0.0000379 0.0002572 0.8828 ~0.000542 0.000466
AsIL2R —0.4776 0.6901 04889 —1.83 0.8749
ASTNFR-P55 0.0378 0.0473 04242 —0.0549 0.1305
AsTNFR-P75 —0.0421 0.0881 0.6332 —0.2148 0.1307
AAPOA 0.0106 0.0264 0.6874 —0.0412 0.0624
ACholesterol —0.0287 0.0145 0.0480 -0.0572 —0.000256
Model chi-square 12.4678 (p = 0.0862)
Variation explained 11.04%
Goodness to fit 4.0022 (p = 0.6764)

95% CI
Predictor Odds Lower Upper
AIL10 0.9853 0.9705 1.0004
AIL6 1.0000 0.9995 1.0005
AsIL2R 0.6202 0.1604 2.3987
AsTNFR-P55 1.0385 0.9466 1.139%
AsTNFR-P75 0.9588 0.8067 1.1396
AAPOA 1.0107 0.9597 1.0644
ACholesterol 0.9717 0.9444 0.9997

Sensitivity 25.0%
Specificity 98.8%
Correct class 81.9%

See text for abbreviations.

tion, urinary tract infection, and bacteremia
[14]. Low levels of HDL-cholesterol (=20 mg/
dL) were associated with odds ratios for surgi-
cal site infection and respiratory tract infection
of 2.2 and 10.3, respectively. A total cholesterol
concentration of <102 mg/dL was associated
with an increased incidence of both surgical
site and respiratory tract infections, primarily
from gram-negative organisms.

The mechanism of hypocholesterolemia dur-
ing infection is likely multifactorial, with both
decreased synthesis and increased catabolism
playing a role. Decreased lipoprotein synthesis
occurs in vitro when hepatocytes are exposed
to TNF and IL-6 [29]. Infection and inflamma-
tion induce oxidation of LDL-cholesterol [19,30].
Decreases in HDL-cholesterol may be related
to high concentrations of phospholipase A,
[31], or to downregulation of the ATP-binding-
cassette transporter—1 gene [32]. Hypolipidemia
reduces competition for binding of LPS to
lipopolysaccharide-binding protein (LBP), lead-
ing to ligation of the CD14 complex and

activation of mononuclear cells [33,34]. Con-
versely, binding of LPS to lipoproteins facili-
tates delivery of LPS to hepatocytes for de-
toxification, which if insufficient may lead to
increased mononuclear cell activation [35].
The present study differs from our previous
work in several important respects. In our ini-
tial study of 32 patients in a surgical ICU, mean
total cholesterol was 117 mg/dL assayed once
within 24 h of admission, and LDL-cholesterol
was 35 mg/dL [6]. Patients with infections had
lower LDL-cholesterol concentrations than
those who did not [6]. In a followup study of
111 critically ill patients, also studied once
within 24 h of admission, median total choles-
terol concentration was 120 mg/dL, and there
were significant inverse correlations between
cholesterol concentration and serum concen-
trations of IL-6, IL-10, and sIL-2r [5]. Clinical
outcomes including death, infection subse-
quent to ICU admission, length of ICU stay,
and magnitude of organ dysfunction occurred
more frequently (relative risks, 1.9-3.5) among
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TasLE 8. MuLTiPLE LocisTic ReGrEssiON, ExPIRED = Qurcome (DEPENDENT) V ARIABLE,
PREDICTORS CLINICAL {CHOLESTEROL, IL10, TL6) CHANGE DAy 1-2
95% CI
Predictor Cocfficient Standard error P wnlue Lower Upper
APACHE TII 0.0822 0.0187 0.0001 0.0455 0.1190
Emergent admission 0.2433 0.7700 0.7520 ~1.2650 1.7525
Nosocomial infection 2.1642 0.7649 0.0047 0.6650 3.6634
ACholesterol —0.0311 0.0140 0.0265 -~0.0585 —0.0036
AIL10 -0.0018 0.0101 0.8601 -0.0216 0.0181
AIL6 —0.0002 0.0003 0.4029 -0.0007 0.0003
Model chi-square 55.020 (p = 0.000001)
Variation explained 48.8%
Goodness to fit 6.4376 (p = 0.5983)
95% CI
Predictor Odds Lower Upper
APACHE III 1.0857 1.0466 1.1263
Emergent admission 12755 0.2820 5.7692
Nosocomial infection 8.7077 1.9445 38.9935
ACholesterol 0.9694 0.9432 0.9964
AIL10 0.9982 0.9786 1.0182
AIL6 0.9998 0.9994 1.0003

Sensitivity 62.5%
Specificity 93.8%
Correct class 86.7%

See text for abbreviations.

patients with below-median cholesterol con-
centrations. The subjects studied herein were
specifically selected to represent sicker, higher-
risk patients than were studied previously, and
they were studied serially rather than at a sin-
gle point in time.

Our data confirm an association between cy-
tokine activation and hypocholesterolemia, and
indicate that a decrease in total cholesterol con-
centration is an independent predictor of mor-
tality in critical surgical illness. Low concen-
trations of cholesterol have been associated
previously with increased mortality in elderly
persons [36,37], especially in association with a
low serum albumin concentration. However,
neither a contribution of age nor gender to out-
come was detected in the present study. In sur-
gical patients, Pacelli et al. retrospectively iden-
tified hypocholesterolemia as an independent
predictor of mortality among 604 patients with
intra-abdominal infection [38], and Gu et al. as-
sociated low total cholesterol concentrations
with death in critically ill surgical patients [39].

Although the contribution of hypocholes-
terolemia to mortality is modest compared
with known risk factors such as increased
severity of illness and the development of noso-
comial infection, low serum lipid concentra-
tions represent a potential therapeutic target in
sepsis. Various reconstituted lipid compounds
have been administered experimentally as a
potential therapy for sepsis. Levine et al.
demonstrated that transgenic mice with ele-
vated concentrations of HDL-cholesterol had
more bound LPS, lower plasma cytokine con-
centrations, and improved survival after ad-
ministration of endotoxin [40]. Intravenous in-
fusion of a reconstituted HDL (HDL) particle
was also protective. In rabbits, administration
of rHDL reduced TNF production in response
to LPS [41,42] and reduced TNF production
and acidosis after E. coli, but not 5. aureus bac-
teremia [43,44]. Goldfarb et al. administered
a lipoprotein phospholipid compound pro-
phylactically in a porcine model of intra-
abdominal infection [45]. Pretreatment de-
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creased serum endotoxin and TNF concentra-
tions, preserved cardiac output and left ven-
tricular gjection fraction, and attenuated increases
in systemic and pulmonary vascular resistances.

Pakjrt et al. studied coagulation responses to
rHDL in human endotoxemia, finding that
rHDL inhibited the activation of coagulation
and aggregation of platelets, but did not affect
the LPS-induced inhibition of fibrinolysis [46].
In a randomized, placebo-controlled crossover
study, Pakjrt et al. administered rHDL 40
mg/kg as a 4-h infusion before a standardized
endotoxin challenge (4 ng/kg) [46]. Adminis-
tration of the lipid reduced the flu-like symp-
toms, but did not abrogate the febrile response.
There was a marked reduction of the release of
TNF, IL-6, and IL-8, and a modest reduction of
the release of IL-1ra, soluble TNF receptors,
and IL-10. Additionally, rHDL attenuated LPS-
induced changes in leukocyte counts, and as
well as neutrophil CD11b/CD18 expression.
Prior to administration of LPS, monocyte CD14
receptor expression was downregulated, and
harvested monocytes had a diminished ex-
pression of CD14 and production of TNF when
stimulated with LPS [47].

In conclusion, critically ill patients with SIRS
become hypocholesterolemic at an early point
in their illness, which manifests as an inde-
pendent risk factor for death. Repletion of
serum lipids can be hypothesized to afford a
therapeutic target for the management of sep-
sis or severe inflammatory states.
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