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Abstract

Background

Mortality in patients with end-stage renal disease (ESRD) on maintenance hemodialysis (MHD) re-
mains exceptionally high. While traditional risk factors such as obesity are paradoxically associ-
ated with better survival, nontraditional risk factors including cachexia increase the likelihood of
poor outcomes. There is accumulating evidence that the endocannabinoid (ECB) system plays a
major role in energy preservation and storage, factors which can prevent the deleterious effects
of cachexia. Hence, in this study, we evaluated the association of circulating ECB levels with mortal-
ity in MHD patients.

Methods

Serum concentrations of anandamide (AEA) and 2-arachidonoyl-sn—-glycerol (2-AG), major ECB
ligands, were measured in MHD patients. Their correlation with various clinical/laboratory indices
and association with 12-month all-cause mortality were examined.

Results



Serum 2-AG levels positively correlated with body mass index, serum triglycerides and body an-
thropometric measures. Meanwhile, serum AEA levels correlated positively with serum inter-
leukin-6, and negatively with serum very low-density lipoprotein levels. While increased serum 2-
AG levels were associated with reduced risk of all-cause mortality (hazard ratio [HR] 0.52, 95% CI
0.28-0.98), there was no clear association between serum AEA levels and mortality (HR 0.91, 95%
Cl 0.48-1.72).

Conclusions

In MHD patients, the circulating levels of ECB ligand, 2-AG, may play an important role in deter-
mining body mass and risk of mortality. These observations were unique to 2-AG as similar find-
ings were not obtained with serum AEA. Future studies need to investigate the mechanisms re-
sponsible for these associations and examine the modulation of the ECB system as a potential tar-
get for therapy in ESRD.

Keywords: End stage renal disease, Hemodialysis, Mortality, Endocannabinoid, Endocannabinoid
system, 2-arachidonoylglycerol, Anandamide

Introduction

The prevalence of end-stage renal disease (ESRD) continues to increase in the United States with
recent projections estimating that by 2030 there will >970,000 patients with ESRD requiring renal
replacement therapy including maintenance hemodialysis (MHD) [1, 2, 3, 4]. Patients on MHD ex-
perience a significantly increased risk of death and treatment of traditional risk factors such as hy-
perlipidemia is not necessarily associated with improved outcomes in this patient population [5,
6]. In fact, the presence of certain traditional risk factors including obesity and hypertriglyc-
eridemia can be paradoxically associated with better survival [7, 8, 9, 10], whereas nontraditional
risk factors such as inefficient energy metabolism as manifested by protein energy wasting (PEW)
and cachexia increase the risk for worse outcomes [8, 11, 12]. It is well known that ESRD is associ-
ated with a catabolic state marked by increased basal energy expenditure, which leads to the wast-
ing of adipose tissue and skeletal muscle (i.e., cachexia) [11, 12, 13] and poor outcomes including
a significantly higher risk of death [11, 14, 15].

In this context, one promising area that has not been fully explored is the role of the endocannabi-
noid (ECB) system in ESRD-associated cachexia and mortality. It is well-established that the ECB
system plays an important role in energy metabolism [16, 17]. The latter effects are mediated via
central and peripheral mechanisms relying on activation of specific G protein-coupled receptors,
cannabinoid-1 (CB;R) and cannabinoid-2, by endogenous lipid-derived ligands (ECBs).
Anandamide (also known as N-arachidonoylethanolamine or AEA) and 2-arachidonoyl-
sn—glycerol (2-AG) are the most comprehensively studied ECB ligands and significant levels of
these lipid-derived mediators have been found in the circulation as well as most organs including
the brain, liver, and adipocytes [17, 18, 19, 20]. The activation of the ECB system (mainly via CB1R
activation) leads to an increased intake of energy-rich foods, decreased energy expenditure by in-
hibition of brown adipose tissue activity, and stimulation of energy storage via lipogenesis and
white adipose tissue formation [20, 21]. Overactivity of the ECB system has been demonstrated to



play a causal role in pathogenesis of obesity, hypertriglyceridemia and metabolic syndrome and
there is accumulating evidence that obesity and metabolic syndrome are associated with signifi-
cant elevations of circulating ECBs [22, 23, 24]. Conversely, pharmacological antagonists of CB;R
have been shown to decrease body weight and improve metabolic profile in obese animals and
humans [20, 25, 26, 27]. While the role of the ECB system in the pathogenesis of obesity and
metabolic syndrome has been well-described, its potential alterations and utility as a therapeutic
target in the context of cachexia and wasting has been less studied. This is especially significant in
conditions where PEW and cachexia can make an important contribution to the risk of morbidity
and mortality such as ESRD. We recently found significant circulating levels of 2-AG in serum of
patients on hemodialysis [28]. Serum levels of 2-AG positively correlated with serum triglycerides
and markers of body mass [28]. However, given the small sample size of studies which have evalu-
ated circulating ECBs, the association of serum levels of these mediators with clinical endpoints
including mortality is lacking.

In light of our recent findings and given the association of ESRD with abnormal energy metabo-
lism and PEW and the role of ECB system in energy homeostasis, we sought to further evaluate
the association of circulating ECB levels with laboratory and clinical outcomes including all-cause
mortality in a large sample of patients on hemodialysis.

Methods

Study Population

We identified a random subcohort of MHD adult patients actively participating in the ongoing,
prospective Malnutrition, Diet and Racial Disparities in Chronic Kidney Disease (MADRAD) study
(ClinicalTrials.gov, NCT01415570) between 2012 and 2015. In the MADRAD study, differences in
dietary factors and nutritional status are examined across racial and ethnic groups of MHD pa-
tients receiving treatment in outpatient dialysis facilities in the Southern California region [29].

There were 523 unique patients who were enrolled in MADRAD and had a blood measurement
taken between October 2013 and 2015. Among these patients, we pulled 450 random samples for
analysis. After removing patient samples with measurement errors due to the extraction process
or sample loss, 400 and 436 MHD patients had data available to analyze serum 2-AG and AEA
respectively.

This study was approved by the Institutional Review Committees of the Los Angeles Biomedical
Research Institute at Harbor-UCLA, Torrance, CA, USA, and the University of California, Irvine
Medical Center, Orange, CA, USA. Patients were included in the study if they provided
written/signed informed consent.

Demographic, Clinical and Laboratory Measurements



MADRAD study coordinators collected baseline data on demographic and clinical measures. Data
on body mass index (BMI), using post-dialysis weight, were primarily obtained from the electronic
records of a large dialysis organization, and supplemented with available BMI levels collected by
MADRAD study coordinators. Additional details about body anthropometry ascertainment and de-
pression and quality of life measures have been previously reported [29, 30].

Using large dialysis organization electronic records, we extracted routine laboratory measure-
ments obtained closest to the blood draw dates for baseline 2-AG or AEA in all analyses. For labo-
ratory analyses, predialysis non-fasting blood samples were drawn using standardized techniques
and measured using automated and standardized methods at a central laboratory in Deland, FL,
typically within 24 h. We calculated dialysis vintage for MHD patients as the time between the
dates of the patient's first dialysis treatment and serum AG or AEA measurement. The presence of
diabetes as a preexisting comorbidity was determined at the time of study entry by a combination
of patient self-reported history and International Classification of Diseases-9 codes by MADRAD
study coordinators.

Serum Samples and Analyses

Serum concentrations of interleukin (IL)-6 were measured using ELISA assay kits (R&D systems,
Minneapolis, MN, USA, and Affymetrix ThermoFisher Scientific) per manufacturer's protocol. For
ECB analyses, non-fasting serum was obtained from patients before weekly dialysis sessions, coin-
ciding with routine blood tests performed at the outpatient dialysis facilities, and frozen at -80°C
until analysis. Analysis of 2-AG and AEA was performed using ultra performance liquid chro-
matography - tandem mass spectrometry (UPLC/MS/MS) as previously described [30]. For the
assay, the established lower limit of quantitation (signal-to-noise ratio of N10) of analytes using
our optimized UPLC/MS/MS methods were as follows: 2-AG, 0.5 pmol; AEA, 0.008 pmol [31]. For
further details, please see the online supplementary Material (for all online suppl. material, see
www.karger.com/doi/10.1159/000505444.

Exposure and Outcome Ascertainment

The primary exposures of interest were continuous serum 2-AG and AEA. We also created cate-
gorical exposure variables of serum 2-AG and AEA by dichotomizing serum 2-AG and AEA levels
at their median values (<32.5 and 232.5 pmol/mL; <1.06 and 21.06 pmol/mL respectively).

The primary outcome was 12-month all-cause mortality. Patients were followed from date of mea-
sured serum 2-AG or serum AEA to death, transplantation, loss-to-follow-up, end-of-study period
(June 30, 2018 for both) or 12-month follow-up, whichever occurred first. Information on mortal-
ity and censored events was collected every 6 months by MADRAD study coordinators and re-
viewed by MADRAD study nephrologists (C.M.R. and K.K.-Z.).

Statistical Analysis



Baseline patient characteristics are presented according to 2-AG and AEA categories. We used
mean * SD or median (interquartile range) for continuous variables and proportions for categori-
cal variables, where appropriate. Outliers less than the 0.5th or greater than the 99.5th percentiles
of laboratory data were removed and replaced with their respective lower or upper threshold val-
ues. Most often 2 or less lab values were updated, with the exception of biceps skin fold and BMI,
which had 4 and 3 values replaced respectively. Absolute standardized differences were used for
comparison of baseline characteristics between 2-AG and AEA categories, separately. Imbalance of
patient characteristics across exposure categories was defined as an absolute value of the stan-
dardized difference >0.20. We tested the normal distributions of serum 2-AG and AEA using
Shapiro-Wilk tests.

We used Spearman's rank correlation coefficients (Rho) to evaluate the relationship between clini-
cal, laboratory, quality of life and depression measures with non-normally distributed serum 2-AG
and AEA levels.

Using Cox proportional hazards models with restricted cubic spline functions, we examined the
associations of continuous serum 2-AG and AEA levels with 12-month all-cause mortality using 4
adjustment models: (1) Model 1 - Unadjusted; (2) Model 2 - case-mix adjusted (age, sex, race and
ethnicity); (3) Model 3 — Model 2 + diabetes and dialysis vintage; and (4) Model 4 - Model 3 + IL-
6. Correlation analyses were performed with model 3 adjustment. As secondary analyses, associa-
tions of serum 2-AG and AEA as categorical variables with 12-month all-cause mortality were also
assessed across the 4 adjustment models.

Missing data for IL-6 in the 2-AG and AEA cohorts (20 and 25% of data, respectively) were im-
puted by the mean. Two-sided p values <0.05 were considered statistically significant. All statistical
analyses were performed with SAS, version 9.4 (SAS Institute Inc., Cary, NC, USA) and STATA MP
version 13.1 (StataCorp, College Station, TX, USA).

Results

Patient Characteristics

The final study populations included 400 patients with serum 2-AG measurements and 436 pa-
tients with serum AEA measurements. Table 1 shows the baseline characteristics of 400 patients
in the 2-AG cohort and 436 patients in the AEA cohort respectively. Among 400 MHD patients, the
mean * SD age was 55 * 14 years; 45% were female, 29% were African-American and 54% were
diabetic. Patients with higher serum 2-AG concentrations were more likely to be African-American,
have higher levels of BM], total iron-binding capacity, triglycerides and cholesterol, but lower high-
density lipoprotein-cholesterol (HDL-C; absolute standardized difference >0.2). Of the 436 pa-
tients with serum AEA levels, the mean + SD age was 55 * 14 years; 44% were female, 30% were
African-American and 54% were diabetic. Compared to patients with lower serum AEA levels, pa-
tients with higher serum AEA levels were more likely to be older and have higher IL-6 concentra-
tions, but lower levels of very low-density lipoprotein-cholesterol (VLDL-C) and creatinine.



Correlations of Serum 2-AG and AEA with Clinical and Laboratory Measures

We observed correlations between serum 2-AG and all lipids after adjustment for case-mix plus
diabetes and dialysis vintage variables. Spearman correlation coefficients for lipoprotein(a)-
cholesterol, low-density lipoprotein-cholesterol and total cholesterol were weak (Spearman's rho
coefficients, -0.10, 0.12, and 0.15 respectively), whereas HDL-C, VLDL-C and triglycerides mod-
estly correlated with serum 2-AG concentrations (Spearman's rho coefficients, -0.34, 0.41, and
0.47, respectively; Table 2). Body anthropometric measures including BMI, average triceps skin
fold and average biceps skin fold correlated positively with serum 2-AG levels (Spearman's rho co-
efficients, 0.18, 0.22, and 0.23, respectively). Results of Spearman correlation coefficients of 2-AG
with additional laboratory tests, quality of life and depression data are presented in online supple-
mentary Table S1. Serum 2-AG levels significantly correlated with unsaturated iron binding capac-
ity, total body water, and patient weight.

Spearman correlation coefficients between serum AEA and creatinine, triglycerides and VLDL-C
were around -0.1 (Spearman's rho coefficients, -0.12, —-0.13, and -0.18 respectively; Table 2) af-
ter adjustment for case-mix plus diabetes and dialysis vintage covariates, whereas, IL-6 positively
correlated with serum AEA concentrations (Spearman's rho coefficient, 0.18). Body anthropomet-
ric data did not correlate with serum AEA levels. In online supplementary Table S2, additional
Spearman correlation coefficients of AEA and other relevant laboratory tests, quality of life and
depression data are reported.

Associations of Serum 2-AG and AEA with 12-Month All-Cause Mortality Risk

Among 400 patients in whom serum 2-AG levels were measured, 43 death events occurred during
1 year of follow-up with an incidence rate (95% CI) of 11.7 (8.2-15.2). Restricted cubic splines
showed that patients with serum 2-AG levels >32.5 pmol/mL (reference) had lower 12-month
mortality risk across adjustment models 2-4 (Fig. 1). In secondary analyses with serum 2-AG as a
categorical exposure variable, patients with high serum 2-AG (232.5 pmol/mL) had lower 12-
month all-cause mortality risk compared to the reference group of low serum 2-AG (<32.5
pmol/mL) in models 3 and 4 (hazard ratios [95% CI] 0.52 [0.28-0.99] and 0.52 [0.28-0.98]
pmol/mL respectively; online suppl. Fig. S1, Table S3).

In 436 MHD patients with serum AEA levels, 47 death events occurred during 1 year of follow-up
with an incidence rate of 11.7 (8.4-15.1). Results for serum AEA using restricted cubic spline mod-
els suggested that higher serum AEA levels trended towards higher 12-month mortality risk
across all models (Fig. 2). However, we found no associations between serum AEA as a categorical
variable and 12-month mortality risk (online suppl. Fig. S2, Table S4).

Discussion

It has been shown that non-traditional risk factors such as impaired energy metabolism, PEW and
cachexia make a substantial contribution to the disproportionately elevated risk of death in pa-
tients with ESRD being treated with MHD. In this regard, activation of the ECB system results in in-



creased energy intake, generation and storage and overactivity of this system (as indicated by ele-
vated circulating ECB levels) has been shown to be associated with obesity and hyperlipidemia
[20]. However, the association of circulating ECB levels with mortality has not been evaluated in
patients with ESRD. In this study, we confirmed our previous findings in a larger set of MHD pa-
tients and found that serum levels of a major ECB ligand, 2-AG, positively correlate with higher
serum triglyceride levels, increased BMI and higher body mass [30]. These findings are consistent
with available literature on the role of circulating ECBs in pathogenesis of obesity and metabolic
syndrome. However, we also found that higher serum 2-AG levels were associated with a signifi-
cant reduction in the risk of all-cause mortality in MHD patients. The latter findings remained ro-
bust after adjustment for several important covariates including diabetes, dialysis vintage and
serum IL-6 levels. Additionally, these observations were unique to 2-AG given that similar findings
were not noted when evaluating the association of serum AEA levels, another major ECB ligand,
with laboratory and clinical outcomes. In fact, higher serum AEA levels correlated with reduced
concentrations of triglyceride-rich lipoproteins (VLDL) and increased serum concentrations of the
pro-inflammatory cytokine, IL-6. In addition, higher serum AEA levels were not associated with
improved survival and there was a trend toward worse outcomes in some of these analyses (Fig. 2

).

While the exact mechanisms underlying these results remain to be elucidated, several aspects of
these findings can be explained in the context of the mechanism of action of the ECB system and
observational data from MHD patients. As mentioned earlier, there is abundant evidence linking
overactivity of the ECB system to obesity and elevated triglyceride levels. While the latter findings
may be associated with adverse outcomes in the general population, their association with out-
comes is not as well-established in patients at high risk for PEW and cachexia such as the ESRD
population. In fact, there is evidence that obesity and hypertriglyceridemia are associated with a
lower risk of mortality in some MHD patients and these paradoxical associations may be partly re-
lated to the lower risk of cachexia in these patient subsets [8, 9, 10, 32]. Therefore, it can be spec-
ulated that in MHD patients, higher circulating levels of 2-AG and increased ECB system activity
are associated with improved energy production and preservation. This manifests clinically with
higher BMI and serum triglycerides, and reduced risk of cachexia and ultimately decreased risk of
death (Fig. 3).

There are some mechanistic pathways that may support this theory. For instance, it has been
demonstrated that CKD is associated with the wasting of adipose tissue and skeletal muscle
through enhanced fat and protein catabolism [33]. This is partly attributed to increased expres-
sion of thermogenic genes in fat tissue and “browning” of white adipocytes resulting in increased
thermogenesis and inefficient energy expenditure [15, 34]. In this regard, 2-AG-mediated activa-
tion of the ECB system has been shown to prevent expression of thermogenic genes and “brown-
ing” of white adipose tissue [35, 36]. Therefore, it is possible that increased serum 2-AG levels in
ESRD prevent CKD-associated inefficient energy metabolism, which can increase the risk of
cachexia and lead to poor outcomes. While the possibility that obesity and hypertriglyceridemia
directly contribute to increasing serum 2-AG levels cannot be excluded, there is also evidence that
activation of the EC system via 2-AG may play a causative role in elevated triglyceride levels [36].
This is mediated via activation of CB{R, which leads to increased synthesis of fatty acids (through
stimulation of the sterol regulatory element binding protein1c [SREBP1c] pathway) and decreased



fatty acid B-oxidation (downregulation of the peroxisome proliferator activated receptor-a path-
way) [37]. Therefore, it is possible that increased energy production, in the form of fatty acids and
elevated triglycerides, may be driven by higher 2-AG levels (Fig. 3). However, these notions remain
speculative at this time and larger observational and mechanistic studies are needed to confirm
these hypotheses and explore other potential pathways which can explain our findings.

It is interesting to note that while 2-AG and AEA are both considered key ligands of the ECB sys-
tem that bind CB receptors with high affinity, the correlation of circulating levels of these lipid-de-
rived mediators with laboratory and clinical indices and their association with all-cause mortality
is considerably different. Similar findings have also been reported by other investigators and
these differential effects have been partly explained in the context of functional selectively (also
known as ligand bias) [38, 39, 40]. In this regard, it is well known that CB receptors are members
of the G-protein-coupled receptors whose activation is associated with recruitment of various G-
proteins and a series of downstream effects [41, 42]. However, there is growing evidence that the
recruitment of these G-proteins is highly dependent and driven by the ligand which is activating
the CB1R, a concept known as functional selectivity [41, 42]. Hence, while 2-AG activation of CB re-
ceptors may be associated with recruitment of one set of mediators resulting in a given effect, acti-
vation by other mediators (such as tetrahydrocannabinol or AEA) can recruit a different group of
molecules leading to a different outcome [42, 43]. For instance, it has been shown that changes in
circulating levels of AEA are driven by hunger and respond to food in a manner consistent with
homeostatic (hunger-driven) feeding. In contrast, the response of circulating 2-AG levels to food is
driven by a meal's perceived hedonic value and 2-AG is involved in reward-driven feeding [44, 45,
46]. In a study similar to ours, Cote et al. [47] found that circulating 2-AG but not AEA levels corre-
lated positively with BM], fasting plasma triglycerides and negatively with HDL-C. It was argued
that these differential correlations are supported by evidence that 2-AG is the more effective acti-
vator of ECB system [48]. Furthermore, it has been shown that AEA can bind to several other tar-
gets, thereby mediating differential effects [49]. Therefore, there is evidence that ECB ligands can
facilitate differential effects under different conditions.

Several limitations of our study need to be acknowledged. The present findings should be quali-
fied given the observational nature of our study design, and future mechanistic studies are needed
to determine if a causal link between circulating 2-AG levels and reduced mortality exists. While
another limitation of our study is the small sample size, it should be noted that this is one of the
largest studies of circulating ECBs levels in a single patient cohort. Nevertheless, larger studies are
needed to confirm and build on our findings. Although we adjusted for some potential con-
founders such as diabetes and inflammation (IL-6), given lack of data regarding hospitalization
and infections, residual confounding cannot be excluded. Additionally, our patient cohort lacked
detailed nutritional data (such as food intake) and information on visceral adipose tissue and
therefore we cannot measure or rule out a potential impact from these factors in the associations
observed in this study. Future studies will need to examine these important endpoints in the con-
text of circulating ECBs in MHD patients. Finally, we used non-fasting serum for all analyses and
hence cannot rule out the potential impact of food intake on the levels of circulating ECBs. It has
been reported, however, that circulating levels of 2-AG are not affected by feeding [46] or in-



traduodenal administration of a lipid emulsion [50]. In addition, given that we used non-fasting
serum for all of our analyses, variability of results based on fasting state of the patients is less
likely.

In conclusion, we found that circulating levels of 2-AG, a major ECB ligand, may play an important
role in determining body mass and the risk of mortality in ESRD patients treated with MHD. These
observations were unique to 2-AG as similar findings were not obtained with serum AEA, the
other major ligand of the ECB system. Future studies need to confirm these findings, investigate
the mechanisms responsible for these associations, and examine the modulation of the ECB sys-
tem (especially 2-AG) as a potential target for therapy in MHD patients.
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Restricted cubic splines of the association between serum 2-AG and 12-month all-cause mortality among 400 MHD pa-
tients. Splines were adjusted for covariates in models 1-4 as follows: (a) model 1 (unadjusted); (b) model 2 (age, gender,
race and ethnicity); (c¢) model 3 (model 2 + diabetes and dialysis vintage); and (d) model 4 (model 3 + IL-6). Solid and dot-

ted lines represent hazard ratios and 95% Cls respectively. HR, hazard ratio; 2-AG, arachidonoyl-sn-glycerol.
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Restricted cubic splines of the association between serum AEA and 12-month all-cause mortality among 436 MHD patients.
Splines were adjusted for covariates in models 1-4 as follows: (a) model 1 (unadjusted); (b) model 2 (age, gender, race and
ethnicity); (c) model 3 (model 2 + diabetes and dialysis vintage); and (d) model 4 (model 3 + IL-6). Solid and dotted lines

represent hazard ratios and 95% Cls, respectively. HR, hazard ratio; AEA, anandamide.
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Potential impact of increased serum 2-AG levels in patients with ESRD on MHD. Elevated circulating levels of 2-AG and
overactivity of the ECB system can be associated with reduced energy loss (decreased browning of white adipose tissue)
and enhanced energy production (increased fatty acid and triglyceride generation). The latter effects can help reduce the
risk of cachexia and mortality in ESRD patients on hemodialysis. CB-1, cannabinoid 1 receptor; CPT1, carnitine palmitoyl-

transferase-1; ECB, endocannabinoid; ESRD, end-stage renal disease; SREBP-1c, sterol regulatory element binding.



Table 1

Baseline characteristics of MHD patients according to serum 2-AG and AEA categories

Variable Serum 2-AG, pmol/mL Serum AEA, pmol/mL
total <32.5 232.5 Standardized total <1.06 21.06 standardized
differences differences

n (%) 400 200 (50) 200 (50) 436 217 (50) 219 (50)
Age, years 55+14 54+15 56+13 0.14 55+14 53+15 57+14 0.24
Gender, female 45 41 49 0.15 44 42 46 0.08
Race (%)

White 63 66 61 -0.09 62 67 57 -0.20

African- 29 24 33 0.20 30 22 38 0.37
American

Asian 7 9 6 -0.10 7 10 4 -0.26

Other 1 2 0 -0.20 1 1 1 -0.04
Hispanic 56 62 50 -0.24 54 61 48 -0.26
ethnicity
Diabetes 54 52 56 0.09 54 49 59 0.20
Access type

Tunneled 5 4 6 0.09 5 3 7 0.17
catheter

Temporary 2 1 3 0.17 2 1 2 0.11
catheter

AV graft 15 13 16 0.11 15 11 20 0.26

AV fistula 78 83 74 -0.21 78 85 71 -0.32
BMI, kg/m? 27.7+6.7 26.5+6.2 28.8+6.9 0.35 27.7¢6.5 27.5+5.9 28.0+7.0 0.07

Data are presented as percentages, mean * SD or median (IQR), where appropriate.

Percentages may not add up to 100 as a result of rounding. Data are not shown for unknown access type (<1% of entire
study cohort). Baseline characteristics were compared between 2-AG and AEA categories with standardized differences (=2

considered statistically significant).

AV, arteriovenous; MHD, maintenance hemodialysis; AEA, anandamide; 2-AG, 2-arachidonoyl-sn-glycerol; BMI, body mass

index; IQR, interquartile range.



Table 2

Unadjusted and adjusted Spearman's rank correlation coefficients (Rho) between serum 2-AG and AEA levels and laboratory

and clinical measures in maintenance hemodialysis patients

Variable Serum 2-AG, pmol/mL Serum AEA, pmol/mL
unadjusted adjusted” unadjusted adjusted”
rho p value rho p value rho p value rho p value

Laboratory tests

Albumin, g/dL -0.02  0.73 0.03 0.58 -0.15  0.006 -0.07 0.21
Creatinine, mg/dL 0.03 0.59 0.07 0.21 -0.14  0.007 -0.12  0.02
Ferritin, ng/mL 0.03 0.59 0.03 0.57 -0.03  0.60 -0.03  0.54
TIBC, mg/dL 0.18 0.001 0.22 <0.0001 -0.05 0.37 -0.006 0.92
PTH, pg/mL 0.004  0.95 -0.01  0.83 -0.02  0.67 -0.02  0.76
Lipids
VLDL-C, mg/dL 0.35 <0.0001 0.41 <0.0001 -0.23  <0.0001 -0.18 0.0002
Triglycerides, mg/dL 0.43 <0.0001 0.47 <0.0001 -0.14  0.003 -0.13  0.009
Cholesterol, mg/dL 0.13 0.01 0.15 0.004 0.02 0.74 0.002  0.97
HDL-C, mg/dL -0.29  <0.0001 -0.34 <0.0001 0.10 0.04 0.07 0.15
LDL-C, mg/dL 0.08 0.11 0.12 0.02 0.04 0.43 0.04 0.37
LPA-C, mg/dL -0.02  0.65 -0.10  0.04 0.10 0.05 -0.006 0.91
NHDL, mg/dL 0.23 <0.0001 0.27 <0.0001 -0.04 0.36 -0.04 0.37
IL-6, pg/mL -0.03  0.63 -0.06  0.32 0.19 0.0005 0.18 0.001
BMI, kg/m? 0.19 0.0002 0.18 0.0005 0.05 0.28 -0.005 0.92

Body anthropometry measures
Biceps skin fold, mm 0.22 <0.0001 0.23 <0.0001 -0.05 0.35 -0.06 0.28
Triceps skin fold, mm 0.21 0.0001 0.22 0.0002 -0.06 0.30 -0.09 0.13
Mid-arm muscle circ., mm -0.007 0.91 0.002  0.97 0.09 0.10 0.05 0.33
Mid-arm circ., mm 0.15 0.007 0.15 0.008 0.07 0.22 0.02 0.74
NIR body fat, % 0.17 0.002 0.16 0.006 -0.01  0.85 -0.05 0.33

"Results were adjusted for age, gender, race, ethnicity, diabetes and dialysis vintage.

2-AG, 2-arachidonoyl-sn-glycerol; AEA, anandamide; circ., circumference; HDL-C, high-density lipoprotein-cholesterol; IL-6,
interleukin-6; LDL-C, low-density lipoprotein-cholesterol; LPA-C, lipoprotein(a)-cholesterol; NHDL, non-high-density
lipoprotein; NIR, near-infrared; PTH, parathyroid hormone; TIBC, total iron-binding capacity; VLDL-C, very low-density

lipoprotein-cholesterol; BMI, body mass index.





