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Abstract

Objective—Lipopolysaccharide or endotoxin constitutes most part of the outer portion of the cell
wall in the gram negative bacteria. Sub-clinical endotoxemia could contribute to increased
inflammation and mortality in hemodialysis patients. Endotoxin level and clinical effect are
determined by its soluble receptor sSCD14 and high density lipoprotein. We examine the
hypothesis that endotoxin level correlates with mortality.
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Methods—In this cohort study, endotoxin levels were measured in 306 long-term hemodialysis
patients who were then followed for up to 42 months. Soluble CD14 and cytokines levels were
also measured.

Results—The mean (xSD) endotoxin level was 2.31+3.10 EU/mI (min: 0.26 EU/mI, max: 22.94
EU/ml, inter-quartile range: 1.33EU/mI, median; 1.27EU/mI). Endotoxin correlated with C-
reactive protein (r = 0.11, p<0.04). On multivariate logistic regression analysis, high body mass
index (BMI) and low HDL cholesterol levels were associated with higher endotoxinemia
(endotoxin below or above of median). In multivariable Cox regression analysis adjusted for case-
mix and nutritional/inflammatory confounders, endotoxin levels in the 3rd quartile vs. 15t quartile
was associated with a trend towards increased hazard ratio (HR) for death (HR 1.83, 95%
confidence interval: 0.93-3.6, p=0.08).

Conclusions—In this hemodialysis cohort, we found associations between endotoxinemia and
CRP, body composition and HDL. A moderately high endotoxin levels tended to correlate with
increased mortality than the highest circulating endotoxin level. Additional studies are required to
asses the effect of endotoxemia on mortality in dialysis population.

Keywords

Chronic Kidney Disease (CKD); hemodialysis; nutritional status; inflammation; endotoxin;
cytokines

Introduction

End Stage Renal Disease (ESRD) patients have increased morbidity and mortality compared
to the general population. Infection is the second most important cause of the increased
mortality seen in these ESRD patients (1). More than 75% of deaths in these patients is as a
result of septicemia (2). The incidence rate of bacterial infections in ESRD patients is one
episode per 100 patient months (3, 4). These bacterial infections are often life threatening
given the increased susceptibility of uremic patients to infection due to their immune
dysfunction(5). While Staphylococcus aureus is the major pathogenic organism (4)
responsible for infections in dialysis patients, it has been found that endotoxemia due to
gram-negative organisms is also a potential source of inflammation in these ESRD patients.

(6)

The Endotoxins (lipopolysaccharide in the outer wall of gram negative bacteria) can
generate a complex host response through signaling pathways initiated after attachment of
lipopolysaccharide (LPS) to the CD14 antigen on effector cells (7). Initiation of this
complex response occurs after binding of the lipopolysaccharide to the lipolysaccharide
binding protein (LBP) through a lipid A moiety.(8).CD14 is then activated by the LPS-LBP
complex which leads to the activation of the cellular immune complex (9). ESRD patients
are exposed to higher levels of endotoxin due to: 1) bacteriolysis in patients suffering from
gram-negative sepsis caused by bactericidal systemic antibiotics which release a high
volume of endotoxin (10, 11), 2) entry of endotoxin through the intestinal mucosal epithelial
by bacterial translocation (12),and 3) potential use of non-ultra pure dialysate for the dialysis
(13). Nevertheless, a recent study found that endotoxemia is associated with better survival
in peritoneal dialysis patients.(14)

Given that ESRD patients have higher baseline levels of inflammatory markers, (15) we
hypothesized that there is a relationship between endotoxin levels and inflammation in these
maintenance dialysis patients. In addition, we wanted to examine the impact of the proposed
relationship on the nutritional status and mortality in these ESRD patients.

J Ren Nutr. Author manuscript; available in PMC 2013 May 01.
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Methods

Patient Population

We studied a population of hemodialysis (HD) patients who were part of the Nutritional and
Inflammatory Evaluation in Dialysis (NIED) study (16).The original NIED cohort consisted
of more than 3000 MHD outpatients followed for 6 years in eight (8) DaVita maintenance
dialysis clinics in Southern CA.(see the NIED study Website at www.Niedstudy.org for
more details as well as previous publications (17-21)). To be included in the study, patients
had to be at least 18 years old and on outpatient hemodialysis for at least 8 weeks. Patients
were excluded if they had an acute infection or had a life expectancy of less than 6 months.
The study was approved by the IRB and all subjects gave informed consent prior to being
enrolled in the study. A total of 893 long term HD patients were randomly invited and
agreed to participate in the NIED study. Out of these subjects, 310 also agreed to undergo an
additional substudy including measurement of endotoxin, which led to 306 subjects with
endotoxin data, since samples on 4 subjects had top be discarded for contamination. The
medical record was thoroughly reviewed for each subject by a collaborating physician in the
study. Information such as underlying kidney disease, cardiovascular disease history and
other co-morbid illnesses was abstracted. A modified version of the Charlton Co-morbidity
Index (i.e. excluding the age and kidney disease components) was used to assess severity of
co-morbidities (22, 23). The 306 HD patients were followed for a total of 42 months (March
2004 - September 30, 2007).

Anthropometric and Body Composition Measures

Body weight and anthropometric measurements were performed while patients were on HD
or within 5-20 minutes after termination of their hemodialysis treatment. Biceps and triceps
skin fold thickness was measured by standard technique using the conventional skin fold
caliper (24, 25).

Near Infrared Interactance

To estimate percentage body fat and fat free body mass, near infrared (NIR) interactance
was measured at the same time as the anthropometric measurements (26). A commercial
NIR interactance sensor with a coefficient of variation of 0.5% for total body fat
measurement (portable Furtex 6100; Furtex, Inc, Rockville, VA; www.furtex.com) was
used. NIR measurements were performed by placing a Furtex sensor on the upper arm (free
of vascular access) for several seconds and entering the required data (data of birth, sex,
weight, and height) for each patient. NIR measurements of body fat appear to correlate
significantly with other nutritional measures in HD patients (27).

Endotoxin Measurement

We used quantitative Chromogenic Limulus Amebocyte Lysate (LAL) test for endotoxins in
plasma (both free and protein-bound forms) using a commercially available kit (QCL-1000,
Cambrex bioscience Inc, Walkersville, MD). The minimum detectable level of endotoxin is
0.1 EU/ml.

Other Laboratory Tests

Pre-dialysis and post-dialysis blood samples were obtained on a mid-week day that
coincided with the day that the required quarterly blood tests were done at the DaVita
dialysis facilities. Single pooled Kt/V was used to represent the weekly dialysis dose. All
laboratory studies were performed by DaVita Laboratories (Deland, FL) using automated
methods. Serum high sensitivity C-reactive protein (CRP) was measured using a
turbidometric immunoassay (WPCI, Osaka, Japan; normal range<3.0mg/L) (28, 29).

J Ren Nutr. Author manuscript; available in PMC 2013 May 01.
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Interleukin 6 (IL-6) and tumor necrosis factor alpha (TNF-a) levels were measured with
using immunoassay kits (R&D Systems, Minneapolis, Minn., USA,; units: pg/ml; normal
range: IL-6: < 9.9 pg/ml, TNF- a : < 4.7 pg/ml) (30, 31). The C-reactive protein (CRP),
TNF-a and I1L-6 levels were measured in the General Clinical Research Center Laboratories
at Harbor UCLA. Serum Transthyretin (pre-albumin) was measured by immunoprecipitation
and the plasma homocysteine concentration was measured by high performance liquid
chromatography (HPLC) in the Harbor-UCLA Clinical Laboratories.

Statistical Methods

Results

Pearson’s correlation coefficient(r) was used for analyses of linear associations. Multivariate
logistic regression analysis was performed to obtain adjusted p-values controlled for case-
mix and other covariates. Death hazard ratios (HRs) were obtained using Cox proportional
hazard models controlling for the relevant covariates.

We performed incremental levels of multivariate adjustment where: (A) Case-mix variables
including age, gender, race (African-American), diabetes mellitus, and dialysis vintage were
included. (B) Malnutrition-inflammation complex syndrome (MICS) variables included such
as albumin, creatinine, hemoglobin, total iron binding capacity, normalized protein catabolic
rate, white blood count and; normalized protein catabolic rate (nPCR) [also known as
normalized protein nitrogen appearance (NPNA)]; and body mass index. (C) Additional
adjustment was done for three inflammatory markers (CRP, I1L-6, and TNFa) in a fully
adjusted Cox regression model.

We expected significant confounding in the unadjusted models where relevant confounders
such as age and gender were not taken into account. In fact, while the results from the
adjusted models may have been over-adjusted (possibly due to inclusion of biological
intermediates that are along the causal pathway from predictor to outcome variable), we
make our inferences based on models adjusted for case-mix. Because of uncertainty
regarding which final model is in fact the most parsimonious, we include 3 levels of
adjustment in the presented data so that the full spectrum of results can be appreciated. The
data analysis was done using STATA version 11.1 (STATA Corporation, College Station,
TX).

The mean (£SD) endotoxin level was 2.31+£3.10 EU/ml (min: 0.26 EU/ml, max: 22.94 EU/
ml, inter-quartile range: 1.33 EU/ml, median: 1.27 EU/ml). Baseline demographic, clinical,
and laboratory values in the 306 MHD patients studied are shown in Table 1. The patients
mean age (xSD) was 55%15 years; 48% of patients were women (n=149), 30% (n=92) were
African-American and 57% were diabetic. The dialysis vintage was 50£35 months (median
+ inter-quartile range: 45+ 44 months). Mean endotoxin level was 2.3+£3.1 EU/mI (median:
1.27 EU/ml). Figure 1 shows the distribution of endotoxin levels. After ranking subjects
according to their serum endotoxin level, we categorized them into quartiles with 75-77
patients in each group. Table 1 lists relevant demographic, clinical and laboratory measures
across quartiles of endotoxin levels. Older patients were more likely to be in the higher
quartiles of endotoxin levels. No other significant trend was seen in the demographic,
physical or biochemical variables as it relates to increasing quartile of endotoxin levels.

Factors Correlated with Endotoxin Level

Table 2 shows the unadjusted and adjusted correlations between Endotoxin levels and
relevant nutritional, inflammatory and biochemical variables. There was a statistically
significant correlation between endotoxin level and CRP level (p-value <0.05) after

J Ren Nutr. Author manuscript; available in PMC 2013 May 01.
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adjustment for relevant covariates. This positive correlation was further supported by the
scatter plot shown in figure 2 (r=0.11, P<0.05) No correlation was seen between the other
markers of inflammation and Endotoxin level. We defined the endotoxin level is equal 5 pg/
ml when it was more than 5 ug/ml in our further analyses. Table 3 shows the results of
univariate (unadjusted) and multivariate logistic regression analysis of the association of the
variables of interest and Endotoxin level. Body mass Index and HDL cholesterol level were
associated with endotoxin levels after multivariate logistic regression analysis. There was a
5% increased odds of higher endotoxin levels for each 1kg/m? increase in body mass index.
There was a 3% decrease in endotoxin levels for each 1mg/dl decrease in HDL cholesterol
level.

Serum Endotoxin and Survival

During the 42 months follow-up, 58(20%) subjects died, 33(11%) received a renal transplant
and 26(8%) were lost to follow up. The hazard ratio for mortality is shown in Table 4.
Hazard ratio for mortality was not significant across the quartiles of increasing endotoxin
levels. However, there was a trend towards the 3 quartile of endotoxin levels (1.28-2.23
EU/mI) being associated with an 83% increase in mortality [i.e. HR 1.83 (0.93, 3.60), p-
value 0.08]. Cubic spline plots shown in Figure 3 further illustrate the nature of the
relationships shown in Table 4.

Discussion

In 306 maintenance hemodialysis patients, we found that circulating endotoxin level was
associated with higher CRP levels and BMI but lower HDL level. Whereas we did not find
an incremental association between elevated circulating endotoxin levels and mortality in
maintenance hemodialysis patients, we did find that moderately high (3rd quartile) but not
the highest (4th quartile) circulating endotoxin levels (endotoxin greater than 1.265 EU/ml
and less than 2.237 EU/mI) tended to be associated with increasing mortality (83% higher)
compared to mortality in the lowest quartile of endotoxin levels. Though this trend was not
statistically significant, it appeared robust when adjustment was made for case-mix and
other nutritional and inflammatory measures, including serum IL-6 and TNF-a. A recent
study by Mclntyre et al has shown significant association between higher circulating level of
endotoxin with higher mortality rate in hemodialysis patients (32).

CKD patients have higher prevalence of inflammation (33) which is an independent risk
factor for cardiovascular events through promotion of atherosclerosis (34). Infection being
the 2"d most common cause of death in hemodialysis patients (1), bacterial infections
especially by gram negative bacteria serves as a major contributor (35). Endotoxin (Lipid
A), a glucosamine based phospholipid, is the hydrophobic anchor of lipopolysaccharide and
makes up the outer monolayer of the outer membranes of most gram-negative bacteria (36).
As it is biologically active portion of lipopolysaccharide molecule (37), it contributes in the
activation of the host immune cells like macrophages etc, and results in the release of
inflammatory mediators(38). This activation of cascade occurs through the combination of
lipopolysaccharide (LPS) with lipopolysaccharide binding protein (LBP) and then
interaction of this complex with CD14 (cell surface antigen). CD14 has two forms namely
soluble and myeloid, and these two forms interact with LPS-LBP complex through two
different pathways as highlighted in Figure 4.

A possible explanation for the paradoxical effect of higher concentration of endotoxin on
mortality can be explained through endotoxin action at receptor level shown in (Figure 4).
Raj et alfound that increased soluble CD14 level was associated with higher death risk in
CKD patients (21). Endotoxin mediates its effect after binding with CD14 to specific
receptors resulting in activation of a cascade of inflammatory cytokines(7). In lower

J Ren Nutr. Author manuscript; available in PMC 2013 May 01.
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concentrations it activates the immune system to combat infection without causing overt
damage while very high concentration suggests that they are not bound 50 pg/ml or greater
were at increased risk for development of atherosclerosis (39). Lack of association with
inflammatory cytokines apart from CRP, in our study, further supports this explanation.
Indeed a recent study found that endotoxemia is associated with better survival in peritoneal
dialysis patients.(14)

Another plausible explanation for this association is that in our study population, the mean
level of endotoxin was 2.31+3.10 EU/ml and sCD14 was 7.24+2.45 ug/ml. sCD14 values
across the quartiles of endotoxin level showed that group with higher mortality risk had
higher sCD 14 as compared to the other two groups. Further analysis showed no significant
correlation was found between the endotoxin and CD14. So this finding further suggests
that, to manifest its effect, endotoxin requires a certain amount of SCD14 in the blood to
show maximum activation of the inflammatory cascasde Table 1.

Data also suggested that older patients had higher level of endotoxin and this increment had
significant association (Table 1) but no significant correlation was found between endotoxin
and age (Table 2). The only significant positive correlation that was found in this study is
between CRP levels and endotoxin levels when adjusted for case-mix variables (Table 2).
Szeto et a/found a similar association between CRP and Serum endotoxin levels in
peritoneal dialysis patients. Their study also found a negative correlation between serum
albumin and serum endotoxin which we did not find in our study (6). Our findings are
similar to those of Goncalves et a/who reported that there were no association between
endotoxin levels and circulating cytokines (40).

An inverse association was also found between HDL and endotoxin levels in after both
unadjusted and adjusted linear regression analyses. This finding correlated with the fact that
HDL levels decline more than any other lipoproteins in septic patients (41). LPS is
detoxified in the circulation by incorporation into lipoproteins (LDL, VLDL, TGL and
HDL)(42, 43).

Selection bias during study enrollment resulting in a younger maintenance HD cohort is one
of the major limitations of this study. However, because mortality rate in the original NIED
study cohort was lower than in the baseline dialysis population (16), it might be argued that
the strength of the association seen is much lower than would be seen in a more randomly
selected sample of dialysis patients. The strength of our study relates to the fact that
participants were selected randomly without prior knowledge of their inflammation status.
Further, we had a fairly large sample size with comprehensive clinical and laboratory
evaluation. We were able to do body composition measurement, obtain detailed information
on co-morbid illnesses and measure levels of pro-inflammatory cytokines.

Conclusion

In our study of 306 MHD patients who were followed for up to 3.5 years, increasing
endotoxin levels was not associated with increased mortality. This possibly is due to
complex interaction of endotoxin with its receptors and signaling cascade. Additional
studies are necessary to assess the relationship between endotoxin concentration and other
long-term outcomes in these maintenance hemodialysis patients.
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Figure 1a: Histogram of Serum Endotoxin Level
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a: Histogram of Serum Endotoxin Level
b: Histogram of variable Endotoxin (Endotoxin with every value above 5 is =5)
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Figure 2.
Scatter Plot, Regression Line, and 95% confidence intervals reflecting correlation between

serum levels of endotoxin and value of serum CRP.
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Cubic Spline exhibiting the association between Serum Endotoxin (adjusted variable with

>5 =5) level and mortality level in 306 MHD patients.
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Table 2

Bivariate (unadjusted) and partial (adjusted) correlation coefficients between soluble endotoxin and relevant
variables in 306 maintenance hemodialysis patients.

Variable Pear son P Adjusted P
Correlation Correlation
Co-efficient Co-efficient”

Age 0.04 0.54 -0.05 0.44

Dialysis Vintage (log Scale) -0.03 0.56 0.00 0.94

Body Mass Index 0.05 0.34 0.03 0.57

Normalized Protein 0.09 0.12 0.07 0.26

Catabolic Rate

Calcium 0.02 0.79 0.04 0.55
Phosphorus -0.06 0.32 0.05 0.39
Intact PTH (logScale) 0.03 0.61 0.05 0.35
Alkaline 0.04 0.54 0.06 0.32
Phosphatase

Albumin 0.05 0.42 0.05 0.40
Pre-Albumin -0.01 0.89 -0.01 0.87
TIBC 0.01 0.87 -0.03 0.62
Ferritin 0.05 0.37 0.05 041
Creatinin -0.02 0.73 0.01 0.89
IL6(LogScale) -0.04 0.46 -0.06 0.32
TNF(Log Scale) -0.02 0.75 -0.01 0.88
CRP (log Scale) 0.07 0.2 0.11# 0.04
LDL -0.02 0.74 0.00 0.99
HDL -0.06 0.30 -0.06 0.30
Cholesterol -0.05 0.70 -0.05 0.73
Triglycerides -0.04 0.54 -0.05 0.47
Blood hemoglobin -0.01 0.89 -0.02 0.68
White blood cells -0.01 0.84 -0.04 0.45
Percentage 0.01 0.84 0.04 0.55
lymphocytes

Zemplar 0.02 0.74 0.05 0.42
Ktv -0.02 0.70 -0.03 0.66
Precalcitonin -0.10 0.30 -0.15 0.15
CD14 (ug/ml) -0.04 0.50 -0.00 0.98

*
In adjusted analysis age, sex, diabetes, log Interleukin-6, log TNF alpha, log Vintage were included as covariates.

Bold values have significant P-value.
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Table 3

Linear logistic regression estimated odds ratios for endotoxinemia (endotoxin level above vs. below of
median) in 306 maintenance hemodialysis patients
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Variable Logistic Regression | P Adjusted Logistic | P
Regron*

Age(each 10 year increase in age) 1.02 (1.01-1.04) 0.004 | 1.02 (1.01-1.04) 0.10
Gender (women vs. men) 0.92 (0.59-1.45) 0.73 1.13 (0.68-1.88) 0.64
Dialysis Vintage(log Scale) (each 1 month unit increase) 0.93 (0.72-1.20) 0.59 1.12 (0.82-1.52) 0.45
Body Mass Index (each 1 kg/m? increase) 1.04 (1.0-1.08) 0.07 1.05# (1.01-1.10) | 0.04
Normalized Protein Catabolic Rate (each 1 g/kg/d unit increase) | 1.03 (0.41-2.59) 0.95 1.06 (0.36-3.09) 0.92
Calcium (each 1 mg/dl unit increase) 1.05 (0.73-1.52) 0.79 1.40 (0.87-2.10) 0.18
Phosphorus (each 1 mg/dl unit increase) 0.90 (0.76-1.07) 0.25 0.95 (0.78-1.16) 0.63
Alkaline Phosphatase (each 1 mg/dl unit increase) 1.0 (1.0-1.0) 0.52 1.00 (1.00-1.01) 0.87
Albumin (each 1 mg/dl unit increase) 0.92 (0.48-1.74) 0.80 0.92 (0.40-2.08) 0.83
Pre-albumin (each 1 mg/dl unit increase) 1.0 (0.97-1.03) 0.96 1.00 (0.97-1.04) 0.78
TIBC (each 1 mg/dl unit increase) 1.0 (1.0-1.0) 0.30 1.0 (1.0-1.0) 0.55
Ferritin (each 1 mg/dl unit increase) 1.0 (1.0-1.0) 0.4 1.0 (1.0-1.0) 0.40
Creatinine (each 1 mg/dl unit increase) 0.92 (0.86-1.0) 0.06 0.92 (0.81-1.04) 0.17
IL6 (log Scale) (each 1 mg/dl unit increase) 0.88 (0.68-1.14) 0.35 0.71 (0.51-1.00) 0.05
TNF (log Scale) (each 1 mg/dl unit increase) 0.79 (0.42-1.47) 0.45 0.92 (0.46-1.85) 0.82
CRP (log Scale) (each 1 mg/dl unit increase) 1.07 (0.88-1.31) 0.5 1.12 (0.87-1.4) 0.39
LDL (each 1 mg/dl unit increase) 1.0 (1.0-1.01) 0.43 1.0 (1.0-1.0) 0.93
HDL (each 1 mg/dl unit increase) 0.98 (0.96-1.0) 0.05 0.97 (0.95-1.0) 0.02
Cholesterol (each 1 mg/dl unit increase) 1.0 (0.99-1.0) 0.98 1.0 (0.98-1.01) 0.66
Blood hemoglobin (each 1 mg/dl unit increase) 1.2 (0.94-1.61) 0.13 1.2 (0.92-1.65) 0.16
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*

In adjusted analysis age, gender, diabetes, albumin, body mass index, creatinine, hemoglobin, total ironbinding capacity, normalized protein
catabolic rate and logarithm of 3 inflammatory markers. Log interleuking, log tumor necrosis factor alpha, log C-reactive protein were included as
covariates
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Table 4

Hazard Ratio of 33 month mortality according to quartiles of Endotoxin in 306 maintenance hemodialysis
patients.

Endotoxin Quartiles Q1 Q2 Q3 Q4
(n=77) (n=76) (n=76) (n=77)
HR(%CI) HR(%CI) HR(%CI) | HR(%CI)
(0.26-0.90) | (0.91-1.26) | (1.28-2.23) (>=2.24)
Unadjusted 0.97 1(Reference) 1.40 0.89
(0.49-1.92) (0.75-2.7) | (0.45-1.75)
P=0.09 P=0.28 P=0.73
Case-mix ¥ 1.16 1(Reference) 1.60 0.88
(0.58-2.3) (0.58-2.3) | (0.44-1.76)
P=0.67 P=0.2 P=0.73
Previous + MICS# 1.07 1(Reference) 1.64 0.82
(0.51-2.22) (0.84-3.2) | (0.40-1.69)
P=0.85 P=0.14 P=0.60
Previous + inflammation /(full mode) 1.07 1(Reference) 183 0.84
(0.50-2.28) (0.93-3.6) | (0.40-1.75)
P=0.86 P=0.08 P=0.64

Abbreviation: ClI, confidence interval; HR, Hazard Ratio; MICs, Malnutrition-inflammation-cachexia syndrome.

*
Case-Mix variables includes age, sex, race/ethnicity, diabetes, and log vintage

MICS variables includes values for albumin, creatinine, hemoglobin, total iron-binding capacity, normalized protein catabolic rate, and body mass
index.

fFuII Model consists of case mix and MICS and logarithm of 3 inflammatory markers: C-reactive protein, interleukin 6, and tumor necrosis factor-
a
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