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High-density lipoprotein (HDL) is dysfunctional in chronic kidney disease (CKD) (1), but
the clinical relevance of this is unknown. Cholesterol efflux capacity (CEC), a key HDL
function, and total HDL particle number (HDL-P) each inversely associates with
cardiovascular (CV) events, independent of HDL-C and of each other (2,3). Although some
reports suggested no such associations for CEC among those with advanced CKD (4), none
have analyzed HDL-P among those with CKD, and none have assessed these relationships in
lower risk populations. Therefore, we investigated whether impaired renal function modifies
the association of CEC and HDL-P with incident CV events in a low-risk cohort.

Participants enrolled in the Dallas Heart Study, a population-based cohort aged 30-65 years,
(3) without prevalent CVD were included in the analysis (n = 2,805). As previously
published, CKD was defined as impaired renal function at a single time point based on an
estimated glomerular filtration rate (eGFR, calculated by the 4-variable Modification of Diet
in Renal Disease formula) <60 mL/min per 1.73 m2 OR gender-based urinary albumin-to-
creatinine ratio (ACR) =17 mg/g in men or =225 mg/g in women as defined by NHANES (5).
The MDRD formula has been used in all DHS studies based on the alkaline picrate method
of creatinine determination in the DHS. HDL-P concentration was determined by NMR
(Liposcience, now LabCorp). CEC was determined by quantifying the capacity of a
participant’s plasma depleted of apolipoprotein B to accept BODIPY-cholesterol from J774
macrophages. Cox proportional hazards models were used to assess the associations of
continuous CEC and HDL-P with outcomes over 11.3 years of follow-up. Pre-specified
outcomes were ASCVD (first nonfatal MI, nonfatal stroke, or death from CVD), total CVD
(ASCVD + percutaneous coronary intervention or coronary-artery bypass grafting, and
hospitalizations for atrial fibrillation, heart failure, or peripheral arterial disease), CV death
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and non-CV death. Interactions of CEC and HDL-P with CKD were tested in models
adjusted for age, sex, race, diabetes, hypertension, smoking, total cholesterol, HDL-C, log
eGFR, body mass index, hs-CRP, and ACR. Two-sided P-values were used.

Of the 2,805 participants included, 7.5% (210) had baseline CKD, of which 54% (113) met
the definition with elevated ACR alone. Those with prevalent CKD had increased HTN
(61% vs. 29%), diabetes (35% vs. 9%), and statin use (7% vs. 4%) when compared to those
without CKD. The median HDL-C (46 vs. 48 mg/dL), LDL-C (104 vs. 104 mg/dL), CEC
(1.0 vs. 1.0 normalized ratio), and HDL-P (33 vs. 33 nmol/L) and smoking (31% vs. 28%)
were not significantly different between groups. Those with CKD had higher incident
ASCVD (22% vs. 5%, n= 131, p<0.0001) and total CVD (31% vs. 7%, n= 187, p<0.0001).
In multivariate Cox models, there was a significant interaction between CEC and CKD on
associations with ASCVD (p=0.01) and total CVD (p=0.05). Specifically, in those without
CKD, CEC was inversely associated with incident ASCVD and total CVD (Figure 1A).
However, in those with CKD, CEC was directly associated with ASCVD and CV death and
was not associated with total CVD (Figure 1A). HDL-P inversely associated with each of the
CV events without effect modification by CKD status (Figure 1B). In sensitivity analyses,
use of the CKD-EPI formula (5) or analyses by eGFR or ACR alone did not affect these
findings.

In a large low-risk cohort free of known CVD, higher CEC may actually connote
paradoxically increased CV risk in those with CKD. These findings provide new insights
into how HDL-related markers perform in the setting of CKD. Specifically, future
investigations regarding CEC should account for CKD status. Interestingly, the ability of
HDL-P to predict CVD risk is preserved in CKD patients. Further studies are warranted to
determine the clinical utility of HDL function and HDL particles as risk predictors and as
therapeutic targets across the spectrum of kidney disease.
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Abbreviations

CKD Chronic Kidney disease

CEC Cholesterol efflux capacity
HDL-P High density lipoprotein particle
CvD Cardiovascular disease

ACR Albumin to creatinine ratio
BMI Body mass index
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Figure 1: Associations of CEC (A) and HDL-P (B) with events by CKD status.
Adjusted hazard ratios for 1 standard deviation. Event proportions are in parentheses.
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