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Abstract
Background: The efficiency of high-density lipoprotein (HDL) to efflux cholesterol 
contributes to the reverse cholesterol transport (RCT) pathway as one of HDL’s pro-
posed functions and depends on the ability of HDL to uptake cholesterol. We aimed 
to investigate cholesterol uptake capacity (CUC) by a newly developed assay in sam-
ples from the MASHAD (Mashhad Stroke and Heart Atherosclerotic Disorders) co-
hort study.
Method: The study population comprised 153 individuals developed CVD diagnosed 
by a specialist cardiologist, over 6 years of follow-up, and 350 subjects without CVD. 
We used a modified CUC method to evaluate the functionality of HDL in serum 
samples.
Result: The CUC assay was highly reproducible with values for inter- and intra-assay 
variation of 13.07 and 6.65, respectively. The mean serum CUC was significantly 
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1  |  INTRODUC TION

The importance of high-density lipoprotein (HDL) functionality 
rather than its concentration has been emphasized in the predic-
tion of cardiovascular disease (CVD).1,2 Although, many studies 
have demonstrated inverse associations between serum HDL cho-
lesterol concentrations and CVD risk,1,3 clinical trials of HDL-raising 
agents such as niacin and CETP (cholesteryl ester transfer protein) 
inhibitor have been failed to support the effects of HDL-raising on 
improved CVD outcomes.4-7 More recent attention has therefore 
focused on the various functions of HDL including antioxidant, anti-
inflammatory, and reverse cholesterol transport (RCT)8 that may be 
related to its athero-protective effects. Blood lipids accumulate in 
tissue macrophages within the arterial intima during atherogene-
sis, and HDL promotes cholesterol removal from lipid-laden mac-
rophages.9 A measure of the cholesterol efflux capacity (CEC) has 
been reported to be inversely related to the incidence of cardio-
vascular events.10,11 Returning to the hypothesis that concerns the 
association between CVD and HDL focused on the concept of the 
functionality of HDL instead of plasma concentrations, in specific 
cellular cholesterol efflux.12 As HDL is a pleiotropic particle with a 
variety of properties, its functions have been difficult to evaluate 
in human studies. Although the measurement of HDL cholesterol 
efflux capacity has been exploited in various clinical studies in the 
case of CVD risk prediction, cell-based assays may have several 
limitations such as heterogeneity of applied cells, standardization, 
and experimental variability. The efficiency of HDL to efflux cho-
lesterol from macrophages through the RCT pathway may be an 
important function of HDL13 and it depends on the ability of HDL 
to act as an acceptor of cholesterol. Measurement of cholesterol 
uptake capacity (CUC) is a newly developed cell-free, sensitive, 
and high-throughput assay that reflects the functionality of HDL 
without using radio-isotope labelling and cells.14 Toh et al. (2019) 

evaluated HDL function through the cell-free CUC method in pa-
tients treated with coronary stents, mentioned that impaired HDL 
function might anticipate stent failure.15 The research has tended 
to focus on qualitative rather than a quantitative assessment of 
HDL to improve the prediction of cardiovascular and atherosclero-
sis clinical outcomes.

Additionally, there have been limited data from cohort study on 
the association between HDL functionality and CVD risk. Therefore, 
for the first time, this a cohort study aimed to use a cell-free assay 
that evaluates CUC and also its optimal threshold to assess HDL 
function and CVD risk.

2  |  MATERIAL S AND METHODS

2.1  |  Patient samples

The MASHAD cohort study (Mashhad Stroke and Heart 
Atherosclerotic Disorder) is a northeastern population of Iran 
that started in 2010 with 35 to 65 years old participants with-
out cardiovascular disease (CVD), stroke, and peripheral arte-
rial disease. The follow-up examinations of this study being 
undertaken every 3 years. Our study comprised three hundred 
and fifty healthy randomized individuals without clinical car-
diovascular disease and 153 subjects without CVD at baseline 
who then developed CVD outcomes over 6  years of follow-up 
who were recruited as part of the MASHAD cohort study. The 
diagnosis of CVD was assessed based on medical interviews, 
physical examination by two cardiologists using investigations 
that included: angiography, CT angiography, and ETT over the 
6-year duration of follow-up. There is no perfect and complete 
information about the use of lipid-lowering drugs by patients and 
healthy individuals. The following anthropometric, demographic, 

lower in the CVD group compared to control (p  =  0.01). Although, there were no 
significant differences in serum HDL-C between the groups and there was no sig-
nificantly association with risk of progressive CVD. Multivariate logistic regression 
analysis showed that there was a significantly negative association between CUC and 
risk of CVD after adjustment for confounding parameters (OR = 0.57, 95% CI = 0.38–
0.87, p = 0.009). The CUC was also inversely and independently associated with the 
risk of CVD event using Cox proportional hazards models analysis (HR = 0.62; 95% 
CI = 0.41–0.94, p = 0.02). We determined the optimum cutoff value of 1.7 a.u for CUC 
in the population. Furthermore, the CUC value was important in determining the CVD 
risk stratification derived from data mining analysis.
Conclusions: Reduced HDL functionality, as measured by CUC, appears to predict 
CVD in population sample from north-eastern Iran.

K E Y W O R D S
cardiovascular disease (CVD), cholesterol uptake capacity (CUC), cohort study, HDL function
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and experimental parameters were measured; fasting blood glu-
cose (FBG), blood pressure measurements (BP), smoking status, 
and lipid profile (TC, TG, HDL-C, and LDL-C). Informed consent 
was terminated by all participants and reflected approval by the 
Ethics Committee of the Mashhad University of Medical Sciences 
(IR. MUMS. Medical. rec. 1386.250) and the Ethics Committee 
of the Birjand University of Medical Science (IR. BUMS. rec. 
1398.51).

2.2  |  Reagents and materials

The anti-apoA1 antibody (clone311, catalog number MIA1402) and 
fetal bovine serum (FBS) were purchased from Thermo Scientific. 
The methyl-β-cyclodextrin was purchased from Sigma-Aldrich. 
BODIPY-cholesterol was purchased from Avanti Polar Lipids. Stock 
solutions of BODIPY-cholesterol were prepared by dissolving each 
reagent in DMSO (dimethyl sulfoxide) at 0.5 mmol/L, and the solu-
tions were stored at −20°C. PBS (Phosphate Buffered Saline) tablets 
were provided from Sigma-Aldrich that the method of prepara-
tion was as follows: Dissolving one tablet of PBS buffer in 1 liter 
of deionized water resulting in 140 mM NaCl, 10 mM phosphate 
buffer, and 3 mM KCl, pH 7.4 at 25°C. Casein as blocking buffer, 
Polyethylene glycol (PEG) 6000, and Tris HCl was purchased from 
Merck. The stock solution of the liposome, as a regular component 
of the reaction buffer, was made from 12.5  mmol/L cholesterol, 
25 mmol/L hydrogenated soy phosphatidylcholine, and 12.5 mmol/L 
1,2-dimyristoylsn- glycerol-3-phosphoglycerol.

2.3  |  Preparation of the HDL from human serum

To remove apoB-containing lipoproteins, 100 μl of each serum sam-
ple was mixed with 20 μl of 45% polyethylene glycol (PEG) 6000 in 
Tris HCL 0.2 M. Then, the serum vortex mixing and kept at room 
temperature for 15  min. The samples were then centrifuged at 
10,000 rpm for 30 min at 4°C and the supernatant was collected as 
the HDL fraction (apoB-depleted serum).

2.4  |  Cholesterol uptake capacity assay

We used a modified cholesterol uptake capacity (CUC) method in our 
study.14 There are three principal steps in this method: (1) preparation 
of the plate containing the antibody; (2) preparing the serum mixture; 
(3) cholesterol uptake capacity measurement. At first, 100 μl of 5 μg/
ml of the antiapoA1 antibody (clone 311) in PBS, pH 7.4, was added 
to each well of the black microplate (96-well). After incubation over-
night at 4°C, the antibody solutions were removed and PBS containing 
2% casein solution was added as the blocking buffer and incubated at 
37°C for 2 h. The blocking buffer was removed and the well washed 
with PBS two times. Then 10 μl of each ApoB-depleted serum sample 

was incubated with 100 μl of 5 μM BODIPY-cholesterol in PBS con-
taining 2% BSA and 0.8% liposome stock solution. Followed by shaking 
microtubes in an incubator (280 rpm, 37°C) for about 20 hours, 100 
μL of the apoB-depleted serum mixture was transferred into the wells 
that were coated by an antibody. The plate was incubated at 37°C for 
3 h at 350  rpm. Then, the wells were washed with 200 μl PBS five 
times, and 100 μl of 20 mmol/L cyclodextrin in PBS was added to en-
hance the fluorescence signal derived from BODIPY-cholesterol. After 
the plate was incubated at 25°C for 30 s at 300 rpm, the fluorescence 
intensity was measured at 535 nm with excitation at 485 nm on the 
microplate reader.

We expressed the cholesterol uptake capacity as CUC % or the 
percent of BODIPY-cholesterol uptake by HDL (arbitrary unit or 
a.u was defined for CUC value). This parameter was calculated by 
subtracting the background signal from the BODIPY-cholesterol up-
take detected for the apoB-depleted serum samples after washing, 
divided by BODIPY-cholesterol signals for the same at zero-time. 
Also, the CUC value of each sample was normalized with its HDL-C 
concentration.

2.5  |  Statistics analysis

SPSS version 20 (IBM Corp, 2011), MedCalc Statistical Software 
version 16.8 (Bvba, Belgium), and SAS software (JMP Pro 13) were 
used in this study. Assessment of normality parameters was used by 
Kolmogorov-Smirnov (K-S) test. The T-test for normally distributed 
parameters and chi-square for categorical one was utilized to assess 
the relationship between the baseline features of individuals in the 
studied populations. Univariate and multivariate logistic regression 
analyses was used to examine the association of the CUC and the 
risk of CVD in the baseline serum samples. p-values were consid-
ered statistically significant if less than 0.05 (<0.05). Moreover, we 
determined the strength of our study by odds ratio (OR) with a con-
fidence interval (CIs) of 95%. MedCalc Statistical Software was used 
to compare baseline serum CUC changes (higher and lower than 
cutoff) in serum samples until the development of clinical CVD was 
undertaken using Cox proportional hazards models as predictors of 
clinical CVD.

Data mining analysis was performed using JMP Pro 13 (SAS soft-
ware). We determined the Log-value which is equal to –log (p-value 
from the Chi-square) of the studied cardio-metabolic risk factors to 
assigning the CVD risk stratification. A nominal logistic fit for CVD 
was performed to show the efficient characteristics in the model. 
A dividing system using the decisions tree approach, a multivariate 
technique was used for both data exploration and prediction, was 
used to predictive and specialized modelling outputs a flowchart-like 
structure. The model was divided into two groups at 5 split layers to 
produce the most division into five subgroups that were as possible 
for the CVD risk. Scatterplot Matrix was depicted for determining 
the correlation of lipid profile with cholesterol uptake capacity using 
data mining analysis.
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3  |  RESULT

3.1  |  Clinical characteristics of the population

The study population sample included 153 individuals without CVD 
at baseline who then developed CVD over 6 years of follow-up (CVD 
group) (76 females (28.4%), aged 53.79 ± 6.9 years) and 350 samples 
without CVD (192 females (71.6%), aged 48.9 ± 7.8 years). The clini-
cal characteristics and lipid profile of the participants at the baseline 
of the MASHAD study cohort have been summarized in Table 1.

3.2  |  Relationship of cholesterol uptake capacity 
with the risk of incident CVD

We evaluated the association between cholesterol uptake capacity 
(CUC) with cardiovascular event risk by measuring the fluorescence 
intensity of the labelled cholesterol. The parameter was determined 
to investigate HDL functionality in serum samples including the per-
cent of BODIPY-cholesterol uptake by apoB-depleted sample (CUC 
%) that was normalized with HDL-C concentration. The mean and 
range of the CUC value in the MASHAD study population were equal 
to 1.18 (0.11–3.4). Our analysis showed that there was a significant 
difference in CUC values (p  =  0.01) between the group with and 
without incident CVD events. In contrast, no significant difference in 
HDL-C was found between these groups (Figure 1). As Table 2 shows, 
the mean value of uptake capacity was lower in the CVD group 
(1.07 ± 0.47) compared to healthy individuals (1.21 ± 0.62), p = 0.0

Subsequently, we examined the association between HDL-C and 
cholesterol uptake capacity and risk of CVD events developed after 
6-years of follow-up. According to our result, serum HDL-C was not 
significantly associated with the risk of progressive CVD using ei-
ther unadjusted and adjusted models, while a significantly negative 

association was found between CUC serum samples and risk of CVD 
outcome in the MASHAD study cohort (OR = 0.64, 95% CI = 0.45–
0.908, p = 0.012). Multivariate logistic regression analysis showed 
that there was a 38% reduction in CVD risk among individuals with 
a higher CUC after adjustment for confounding parameters includ-
ing age, sex, BMI, smoking, TG, LDL, TC, diabetes, and hypertension 
history (OR = 0.57, 95% CI = 0.38–0.87, p  = 0.009). Furthermore, 
the cholesterol uptake capacity measurement was exhibited high 
reproducibility; the inter- and intra-assay of the CUC criterion were 
detected as 13.07 and 6.65, respectively.

In the Cox proportional hazards models (Figure 2), there was a 
significant association of higher cutoff point for CUC and decrease 
cardiovascular endpoints (Hazard ratio, 0.64; 95% CI, 0.45–0.90, 
p  =  0.01). Interestingly, after adjusted traditional risk factors for 
cardiovascular disease, the result showed that cholesterol uptake 
capacity was independently and inversely associated with the in-
cidence of cardiovascular events (HR, 0.62; 95% CI, 0.41–0.94, 
p  =  0.02). Kaplan-Meier curve was shown for the CUC value in 
Figure 2. Our analysis showed that those with serum levels lower 
than 1.7 a.u. had a higher risk of cardiovascular disease compared to 
those with higher scores during a 6 years of follow-up.

3.3  |  Data mining analysis

In line with these evaluations, we use discriminate analysis to ex-
plore the potential markers that are involved in cardiovascular risk 
assessments (Table 3). According to data mining analysis, age and hy-
pertension history were the most important factors in determining 
the risk of cardiovascular disease. As the third parameter, the CUC, 
a measure of HDL functionality, was an important factor in assigning 
the risk of CVD. The effects of CUC and HDL-C level simultaneously 
and diabetic history also affect the risk of a CVD event. It can be 
seen from the data in Table 3 that no significant relationship was 
found between the other parameters and cardiovascular disease. A 
major finding is that applying data mining techniques using this kind 
of data is viable, and determining CUC is of potential clinical value.

We determined the optimum cutoff point of 1.7 a.u. for choles-
terol uptake capacity in the MASHAD cohort population using a de-
cision tree derived from data mining analysis. The decision tree with 
5 layers identified the various risk factors for CVD was shown in 
Figure 3. Based on our results, in the subgroup with HDL ≥35.3 and 
TG >115, ninety-one percent of subjects were classified in the con-
trol group (red strip). In a subgroup with HDL <35.3, individuals with 
HDL <23, and CUC <2.37, eighty eight percent of individuals were 
in the case group (blue strip). Meanwhile, the number of the cases 
was the same as the number of the control classes in individuals with 
HDL ≥23, CUC <1.7, and LDL ≥129.5. Finally, in a subgroup with HDL 
≥23 and CUC ≥1.7, 93% subjects were in the control classes. A scat-
ter plot matrix is shown in Figure 4, and helps the visualization of the 
relationships between each pair of response variables like lipid pro-
file and uptake capacity. The narrowness of the ellipse reflects the 
degree of correlation between variables. As indicated, the ellipse of 

TA B L E  1 Clinical characteristics of cardiovascular disease 
versus control subjects, Mashhad stroke and heart atherosclerotic 
disorder (MASHAD) study

Variable CVD (n=153)
No CVD 
(n = 350) p

Female (%) 76 (28.4%) 192(71.6%) 0.2

Age (years) 53.79 ± 6.9 48.9 ± 7.8 <0.001*

BMI (kg/m2) 28.6 ± 4.6 27.7 ± 4.9 0.058

PAL 1.54 ± 0.29 1.57 ± 0.28 0. 2

Nonsmoker 97 (28.9%) 239 (71.1%)

Ex-smoker 25 (23.1%) 39 (60.9%) 0.2

Current smoker 31 (39.1%) 69 (69%)

TC (mg/dl) 199.6 ± 43.9 188.4 ± 42.04 0.007*

TG (mg/dl) 174.08 ± 109.2 144.17 ± 101.3 0.001*

LDL-C (mg/dl) 120.7 ± 36.9 112.8 ± 38.1 0.03*

Values are expressed as mean ± standard deviation or median 
(interquartile) for normal and non-normal distribution data respectively. 
* as p-value <0.05 is considered as significant.
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CUC as a marker of HDL function and HDL-C level was narrow and 
diagonally oriented, therefore the variables are correlated. But there 
was no correlation between the CUC and other elements of the lipid 
profile, since the ellipse was fairly round and was not diagonally ori-
ented when looking at these other parameters.

4  |  DISCUSSION

We aimed to assess the potential value of one measure of HDL func-
tionality in new diagnostic procedures for cardiovascular disease in 
the clinical setting rather than HDL concentration according to the 

F I G U R E  1 Box-plots of high-density lipoprotein (HDL-C) (A) and cholesterol uptake capacity (CUC) (B) in the MASHAD cohort study 
population comprising 350 healthy individuals without clinical cardiovascular disease and 153 subjects without CVD at baseline who then 
developed CVD outcomes over 6 years of follow-up. a.u.; Arbitrary unit

TA B L E  2 Association of cholesterol uptake capacity (CUC) and CVD risk in the studied populations of MASHAD cohort (N = 503)

Variables
CVD 
(N = 153)

No CVD 
(N = 350) p

Unadjusted Adjusted

B OR (95% CI) p B OR (95% CI) p

HDL-C 40.8±10.1 42.7±13.7 0.6 −0.01 0.98(0.97–1.00) 0.09 −0.007 0.99(0.97–1.01) 0.4

CUC 1.07±0.47 1.21±0.62 0.01 −0.44 0.64(0.45–0.908) 0.01 −0.54 0.57 (0.38–0.87) 0.009

Analysis was performed using the univariate and multivariate logistic regression model after adjusting for Age, sex, BMI, smoking, Diabetes, 
hypertensions, LDL, TG and Total cholesterol. OR, Odds ratio; BMI, body mass index; CVD, cardiovascular disease; HDL-C, high-density lipoprotein 
cholesterol; CUC, cholesterol uptake capacity.

TA B L E  3 Nominal logistic fit for CVD risk, effect summary, and parameter estimates in studied population of MASHAD cohort (N = 503)

Source Log worth Log worth chart p-value Estimate Std Error

Age 4.853 0.00001 −0.0638333 0.0150959

Hypertension history 1.826 0.01493 0.2864164 0.1176826

CUC baseline 1.770 0.01697 0.6523115 0.2825115

CUC baseline* HDL 1.602 0.02499 −0.0424722 0.0195035

Diabetes history 1.595 0.02543 −0.3842406 0.4370308

HDL 1.285 0.05183 0.0273172 0.0142909

Sex 0.807 0.15589 −0.2063983 0.1452834

Cholesterol 0.472 0.33699 −0.0057451 0.0059735

Smoking status 0.300 0.50063 −0.1273679 0.2157373

BMI 0.209 0.61823 −0.0134485 0.0269745

PAL 0.134 0.73487 −0.1706105 0.5031525

Triglycerides 0.131 0.73960 −0.0005005 0.0015011

LDL-C 0.053 0.88435 −0.0008614 0.0059269

Log worth which is equal to −log (p-value from the Chi-square). CUC, cholesterol uptake capacity; HDL-C, high-density lipoprotein cholesterol; BMI, 
body mass index; PAL, physical activity; LDL-C, low-density lipoprotein cholesterol. CUC baseline * HDL means CUC baseline inaddition to HDL.
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last literature.16 Assessing HDL function with current cell-based as-
says has some limitations for routine use in the clinic.17 We developed 
a cell-free assay to investigate the capability of HDL to uptake cho-
lesterol in this study. Our findings demonstrated a significant inde-
pendently negative association between HDL functionality and the 
risk of CVD in our cohort study. These results match those observed 

in earlier studies that have been reported in a cohort study indicated 
that cholesterol efflux capacity (CEC) as a function of HDL was in-
dependent of HDL-C levels associated with a predictor of coronary 
artery disease (CAD).11,18 Among several specified functions of HDL, 
measurement of the CEC that is attributed to the mechanism of RCT 
is the most important method to investigate the anti-atherosclerotic 
effects of HDL.19 Previous studies have hypothesized that the capa-
bility of cholesterol efflux of HDL depends essentially on the ability 
of HDL to uptake extra cholesterol from peripheral tissue.20

We demonstrate that the mean value of cholesterol uptake ca-
pacity (CUC) was lower in the CVD group compared to healthy indi-
viduals. Thus, it may be suggested that decreased CUC as an index 
of impaired HDL functionality, might be associated with a future 
cardiovascular disease event. This finding supports the first research 
by Harada et al. (2017) into the study of the CUC on 156 subjects 
which links the cholesterol uptake capacity as a cell-free assay and 
recurrence of coronary lesions. It had been demonstrated that among 
common risk factors of CVD, only CUC remained significantly associ-
ated in patients with a controlled LDL concentration.14 Their results 
were in agreement with the findings of the last study, in which the 
logistic regression analysis showed that reduced CUC was inde-
pendently related to neo-atherosclerosis (OR, 0.79; p < 0.001) and 
organization of target lesion revascularization (OR, 0.88; p = 0.003). 
According to the study by Toh, there was a significant correlation be-
tween HDL particle concentration and CUC that was measured using 
NMR (nuclear magnetic resonance spectroscopy). He found that 
large HDL particles had more association with CUC than small ones.18

A large and growing body of cohort studies has investigated 
the cholesterol efflux capacity of HDL using ABCA1 up-regulated 
cells.10,11,21 A single-cohort study exists in which Nagano et al. 
have described the importance of HDL functionality for target-
ing coronary lesion revascularization within patients who were 

F I G U R E  3 Decision tree for cardiovascular event in MASHAD cohort study (The groups with and without incident CVD events represent 
as blue and red, respectively)

F I G U R E  2 Kaplan-Meier curve and hazard ratios for CUC 
cutoff point, derived from Cox proportional hazards models (Log 
Rank = 0.003). The hazard ratio was adjusted for sex, age, smoking 
status, BMI, total cholesterol level, diabetes, and hypertension. 
CUC: cholesterol uptake capacity
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treated with coronary stents using a cell-free assay.15 Their result 
demonstrates that CUC at follow-up optical coherence tomog-
raphy (OCT) was significantly lower in a group who developed 
neo-atherosclerosis (NA+) compared to NA-  group (Log Rank 
p < 0.001). To our knowledge, our investigation is the first to un-
dertake the potential relation between CUC as a marker of HDL 
functionality and hazard ratio of CVD risk in a large prospective 
cohort study. According to Cox proportional hazards models, 
those with serum levels lower than 1.7 a.u. have a higher risk 
of cardiovascular disease compared to those with higher scores 
during a 6 years of follow-up (Log Rank p < 0.003). It seems to be 
suggesting CUC <1.7 a.u. is related to the impaired HDL function 

to uptake cholesterol and exposed to the prominent risk of CVD 
outcomes in a population-based cohort.

Surprisingly, another important finding, reported for the first 
time, was that the CUC value was the third most important pa-
rameter in assessing the CVD risk stratification, derived using data 
mining analysis. The evidence from the decision tree suggests that 
in the subgroup with HDL ≥23, 26% of subjects in the CVD group 
possessed CUC <1.7, while in this subgroup 6.7% of individuals with 
CVD had CUC ≥1.7. Some of the issues emerging from this finding 
relate specifically to low CUC value and more CVD risk assessment. 
These findings have also argued that not only HDL concentration 
but also HDL functionality is considered as a potent risk factor for 

F I G U R E  4 Scatterplot Matrix, Multivariate platform options derived from data mining, The correlation between lipid profile (LDL, HDL, 
TC, and TG) and cholesterol uptake capacity or CUC value
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CVD. HDL metabolism may explain the inadequate effect of HDL 
particles on CVD risk stratification. As noted by Hirano (1997), the 
mutation of cholesterol ester transfer protein (CETP), which pro-
motes RCT and results in an increase in HDL-C, does not decrease 
cardiovascular events.22

Finally, several limitations may need to be considered in our 
study. First, the sample size was small compared to the total 
MASHAD cohort study. The second was the lack of apolipopro-
tein-A1 measurement that can be used for the normalization of 
CUC. Thirdly, HDL functionality is a clinically important factor that 
is determined by environmental and genetic factors that can result 
in the progression of atherosclerosis and cardio-metabolic disor-
ders. Fourthly, there is no perfect and complete information about 
the use of lipid-lowering drugs by individuals since they might 
have an influence on CUC. Therefore, more research needs to be 
undertaken to explore the association between CUC and cardio-
vascular risk.

5  |  CONCLUSION

This project was undertaken to design and evaluate HDL function-
ality assessment in the MASHAD cohort study by measurement of 
cholesterol uptake capacity of HDL. Our findings suggest that a 
low uptake capacity or impaired HDL functionality can be used as 
a potential biomarker for the prediction of progressive CVD. Also, 
we showed that cholesterol uptake capacity was independently 
reverse associated with the prevalence of cardiovascular events. 
The CUC assay is a high-throughput, high-reproducibility, and cell-
free assay could be used for the assessment of CVD risk in clinical 
settings.

ACKNOWLEDG EMENTS
We gratefully acknowledge the contributions of the data collec-
tion team and the individuals who participated in this study. This 
project was implemented in collaboration with the Cardiovascular 
Diseases Research Center in Birjand and Mashhad University of 
Medical Sciences. We thank Dr Tooba Kazemi and Dr Ebrahim Miri- 
Moghaddam (Cardiovascular Diseases Research Center, Birjand) and 
Dr Majid Ghayour Mobarhan (Iranian UNESCO center of excellence 
for human nutrition) for guidance in our project.

CONFLIC T OF INTERE S T
The authors have no conflict of interest to disclose.

AUTHOR CONTRIBUTION
We declare that we contributed significantly toward the research 
study; MA, TK, EMM, MGM and AA designed the experiments and 
revised the manuscript. MA, MS, AS and SS performed the experi-
ments. MA and SS wrote the manuscript. MA, HE, AM carried out 
the data analysis. All authors reviewed, considered and approved the 
manuscript.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

ORCID
Malihe Aghasizadeh   https://orcid.org/0000-0001-8562-360X 
Amirhossein Sahebkar   https://orcid.org/0000-0002-8656-1444 
Ebrahim Miri-Moghaddam   https://orcid.
org/0000-0001-9435-2450 
Amir Avan   https://orcid.org/0000-0001-9561-2306 
Majid Ghayour-Mobarhan   https://orcid.
org/0000-0002-1081-6754 

R E FE R E N C E S
	 1.	 Robins SJ, Collins D, Wittes JT, et al. Relation of gemfibrozil treat-

ment and lipid levels with major coronary events: VA-HIT: a ran-
domized controlled trial. JAMA. 2001;285(12):1585-1591.

	 2.	 Rosenson RS, Brewer HB Jr, Davidson WS, et al. Cholesterol efflux 
and atheroprotection: advancing the concept of reverse choles-
terol transport. Circulation. 2012;125(15):1905-1919.

	 3.	 Reiner Ž. Hypertriglyceridaemia and risk of coronary artery dis-
ease. Nat Rev Cardiol. 2017;14(7):401.

	 4.	 Voight BF, Peloso GM, Orho-Melander M, et al. Plasma HDL cho-
lesterol and risk of myocardial infarction: a mendelian randomisa-
tion study. Lancet. 2012;380(9841):572-580.

	 5.	 Lincoff AM, Nicholls SJ, Riesmeyer JS, et al. Evacetrapib and car-
diovascular outcomes in high-risk vascular disease. N Engl J Med. 
2017;376(20):1933-1942.

	 6.	 Kosmas CE, DeJesus E, Rosario D, Vittorio TJ. CETP inhibition: past 
failures and future hopes. Clin Med Insights Cardiol. 2016;10:37-42.

	 7.	 Chapman MJ, Ginsberg HN, Amarenco P, et al. Triglyceride-rich li-
poproteins and high-density lipoprotein cholesterol in patients at 
high risk of cardiovascular disease: evidence and guidance for man-
agement. Eur Heart J. 2011;32(11):1345-1361.

	 8.	 Eren E, Yilmaz N, Aydin O. High density lipoprotein and it’s dys-
function. Open Biochem J. 2012;6:78.

	 9.	 Rothblat GH, de la Llera-Moya M, Atger V, Kellner-Weibel G, Williams 
DL, Phillips MC. Cell cholesterol efflux: integration of old and new 
observations provides new insights. J Lipid Res. 1999;40(5):781-796.

	10.	 Khera AV, Cuchel M, De La Llera-Moya M, et al. Cholesterol efflux 
capacity, high-density lipoprotein function, and atherosclerosis. N 
Engl J Med. 2011;364(2):127-135.

	11.	 Rohatgi A, Khera A, Berry JD, et al. HDL cholesterol efflux 
capacity and incident cardiovascular events. N Engl J Med. 
2014;371(25):2383-2393.

	12.	 Rohatgi A. High-density lipoprotein function measurement in 
human studies: focus on cholesterol efflux capacity. Prog Cardiovasc 
Dis. 2015;58(1):32-40.

	13.	 Rader DJ, Alexander ET, Weibel GL, Billheimer J, Rothblat GH. The role 
of reverse cholesterol transport in animals and humans and relation-
ship to atherosclerosis. J Lipid Res. 2009;50(Supplement):S189-S194.

	14.	 Harada A, Toh R, Murakami K, et al. Cholesterol uptake capacity: a 
new measure of HDL functionality for coronary risk assessment. J 
Appl Lab Med. 2017;2(2):186-200.

	15.	 Nagano Y, Otake H, Toba T, et al. Impaired cholesterol-uptake ca-
pacity of HDL might promote target-lesion revascularization by 
inducing neoatherosclerosis after stent implantation. J Am Heart 
Assoc. 2019;8(9):e011975.

	16.	 Schwartz GG, Olsson AG, Abt M, et al. Effects of dalcetrapib in 
patients with a recent acute coronary syndrome. N Engl J Med. 
2012;367(22):2089-2099.

https://orcid.org/0000-0001-8562-360X
https://orcid.org/0000-0001-8562-360X
https://orcid.org/0000-0002-8656-1444
https://orcid.org/0000-0002-8656-1444
https://orcid.org/0000-0001-9435-2450
https://orcid.org/0000-0001-9435-2450
https://orcid.org/0000-0001-9435-2450
https://orcid.org/0000-0001-9561-2306
https://orcid.org/0000-0001-9561-2306
https://orcid.org/0000-0002-1081-6754
https://orcid.org/0000-0002-1081-6754
https://orcid.org/0000-0002-1081-6754


    |  9 of 9AGHASIZADEH et al.

	17.	 Irino Y, Toh R, Ishida T. A novel indicator for HDL functionality. J 
Atheroscler Thromb. 2019;26(11):945-946.

	18.	 Toh R. Assessment of HDL cholesterol removal capacity: toward 
clinical application. J Atheroscler Thromb. 2019;26(2):111-120.

	19.	 Hafiane A, Genest J. High density lipoproteins: measurement tech-
niques and potential biomarkers of cardiovascular risk. BBA Clin. 
2015;3:175-188.

	20.	 Murakami K, Kiriyama M, Kubo T, et al. Establishment of an auto-
mated assay for cholesterol uptake capacity, a new concept of high-
density lipoprotein functionality. Atherosclerosis. 2019;287:e222.

	21.	 Saleheen D, Scott R, Javad S, et al. Association of HDL choles-
terol efflux capacity with incident coronary heart disease events: 
a prospective case-control study. Lancet Diabetes Endocrinol. 
2015;3(7):507-513.

	22.	 Hirano K-I, Yamashita S, Nakajima N, et al. Genetic cholesteryl ester 
transfer protein deficiency is extremely frequent in the Omagari 
area of Japan: marked hyperalphalipoproteinemia caused by CETP 
gene mutation is not associated with longevity. Arterioscler Thromb 
Vasc Biol. 1997;17(6):1053-1059.

How to cite this article: Aghasizadeh M, Samadi S, 
Sahebkar A, et al. Serum HDL cholesterol uptake capacity in 
subjects from the MASHAD cohort study: Its value in 
determining the risk of cardiovascular endpoints. J Clin Lab 
Anal. 2021;35:e23770. https://doi.org/10.1002/jcla.23770

https://doi.org/10.1002/jcla.23770

