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ABSTRACT

Background and aims: CD36 is a cholesterol receptor involved in thealptof oxidized
low-density lipoprotein cholesterol and developmafratherosclerotic plaques.
Cross-sectional studies have shown correlationsdeset plasma CD36 and atherosclerosis
but no prospective study has examined the associgdit. We prospectively examined the
association between plasma CD36 levels and rigkcadent coronary heart disease (CHD) in
a Danish population.

Methods: Plasma CD36 levels were measured in a case-csiuoly nested within the Danish
population-based cohort, the Diet, Cancer and He#tlidy. A total of 1,963 incident CHD
events occurred between baseline (1993-1997) ab8, 2tid a sub-cohort of 1,759
participants were randomly selected as reference.poportional hazard regression models
were used to compute the hazard ratio (HR) anagsponding 95% confidence interval (Cl).
Results: After adjusting for CHD risk factors, including tesy of hypercholesterolemia and
diabetes, elevated plasma CD36 levels were notited with higher CHD risk in the total
population, and the HR comparing the highessus lowest tertile of CD36 levels was 1.02
(95% C10.84-1.23). High CD36 levels were only fdun be associated with risk of CHD in
combination with prevalent diabetes (HR=2.83, 95P41M8-7.45)vs. the joint reference
group of lowest CD36 tertile and no diabetes.

Conclusions: Plasma CD36 levels were not predictive of CHD mskhe general population.

Keywords. case-cohort study, coronary heart disease, pl&D&6, prospective study
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INTRODUCTION

Coronary heart disease (CHD) arising from athessesis is a leading cause of death
and morbidity worldwide [1]. Atherosclerosis is sttered a chronic inflammatory disease
consists of plaque initiation, progression andnfiwosis [2]. The transmembrane
glycoprotein CD36 is an important multi-ligand dd scavenger receptor in monocytes and
macrophages that internalizes oxidized low-dergtprotein (ox-LDL) cholesterol in the
subendothelial spaces of arteries and subsequaifidyentiates the macrophages into foam
cells, which is the hallmark of early atheroscler¢gsions [3, 4]. In addition, CD36 is also a
fatty acid transporter in metabolically active tiss (muscle, liver and adipocytes) that is
implicated in the development of insulin resistafie&], which is another important risk
factor for developing atherosclerosis [8]. The imignce of CD36 in the pathogenesis of
atherosclerosis has been shown in animal studiesendouble apoE/CD36 knockout mice
who develop significantly smaller atheroscleroéisibns compared to the wild-type controls
[9], have a doubling in lesion area when CD36 istreduced [10]. In addition, several
human genome-wide linkage studies have shownlledbtation of th€€D36 gene locus on
chromosome 7q is associated with myocardial infancind stroke [11]. In addition, in
comparison to individials with asyumptomatic caillgilaques, CD36 gene expression has
been found to be up-regulated in patients with spmtic carotid plaques [12]. This
suggests that CD36 could be a useful biomarkdraretirly development of cardiovascular
disease.

The expression of CD36 is increased in macrophagesoth muscle cells, and
endothelial cells in atherosclerosis plaques [Hd\wever, previous studies of membrane
CD36 in monocytes and macrophages require fresididamples for measurement [14-17],
and thus were not well suited for large populati@sed epidemiological studies. To tackle

this issue, Handberg et al. [18] developed an assagalyze the stored plasma samples, and
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identified a circulating form of CD36 in human pise. Plasma CD36 was hypothesized to
be released into the circulation as part of thedpade inflammatory state in insulin
resistance and atherosclerosis [18], and the Iéals been found to be moderately
correlated with membrane CD36 expression in liissue [19]. While two cross-sectional
studies have reported correlations between pladd&6@nd carotid atherosclerosis among
both healthy populations and patients with highdgranternal carotid stenosis [20, 21], one
study did not find such correlation among patients early coronary artery disease [22].
Thus far, no prospective studies have been condtctevaluate the association between
plasma CD36 and risk of CHD.

Therefore, we conducted a case-cohort study inge lgopulation-based cohort
among Danish men and women to examine the assotiagtween plasma CD36 and risk of
CHD. We also investigated whether this associasanodified by important cardiovascular
risk factors including obesity, smoking statuswadl as history of hypercholesterolemia and

diabetes.

MATERIALSAND METHODS
Sudy population

The Danish Diet, Cancer and Health study is an imggorospective study established
between 1993 and 1997, and recruited 57,053 cdreseparticipants aged between 50 and
65 years who lived in the urban areas of Copenhagdmarhus [23]. At baseline,
participants filled out self-administered lifestylaestionnaires, and the questions included
self-reported type 2 diabetes and hypercholestaialdn addition, technicians obtained
anthropometric measurements and collected nomabtood samples at the study clinic.
Blood specimens were separated into plasma, séymphocytes, and erythrocytes and

frozen at —150C within two hours of collection. The detailed dgsof the study has
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described previously [23]. The study protocol carxgblwith the Helsinki declaration and was
approved by the National Committee on Health Re$ethics and the Danish Data
Protection Agency (KF 01-116/96). Informed conseas completed and obtained from all
participants at the baseline interview.

CHD cases were identified via the National Diab&egistry using the personal
identification number assigned to all Danish citizen the Danish Civil Registration System.
Cases were identified when participants registendid a first-time discharge diagnosis of
myocardial infarction (International ClassificatiohDiseases [ICD], 8revision codes 410
to 410.99; and ICD 0revision codes 121.0-121.9) [24, 25]. Medical retowere retrieved
from hospitals, reviewed in accordance with curgantlelines [26], and myocardial
infarctions diagnoses in the National Diabetes Regiare recorded with a high degree of
validity [27]. Furthermore, we included participantith a sudden cardiac death diagnosis in
the Cause of Death Register (ICD 8: 427.27 or 10©DI46.0-146.9) if the cardiac arrest after
validation was believed to be caused by a myochirtfe ction.

We investigated the association between plasma @D86isk of CHD (non-fatal
myocardial infarction and fatal CHD) in a case-atlstudy nested within the Danish Diet,
Cancer and Health study. For the current analglispnfirmed incident cases between study
entry and May 2008 (n=1,977) were included alonifp&irandomly chosen sub-cohort of
participants drawn from the entire study populatdbaseline (n=1,824). After additional
exclusion of participants with missing covariatéues, the case-cohort included 1,963
incident CHD cases (58 within the reference subsddland 1,701 non-cases (sub-cohort
total n=1,759).

Biochemical measurements
For the measurement of CD36 concentrations, plasmgples from the baseline

exam were sent to Aarhus University hospital anddberg’sin-house ELISA assay was
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used [18] While phosphate-buffered saline was served as lbackgd, a pool of
ethylenediaminetetraacetic acid (EDTA) plasma wysied in increasing dilutions and used
to produce a standard concentration curve. Absmrptivere calculated relative to the
standard EDTA plasma pool and expressed as relaive. Internal controls consisting of an
EDTA plasma pool and recombinant CD36 (generoushated by Randox, Laboratories
[Antrim, United Kingdom]) were run in duplicatesdaim four concentrations on each plate.
Analytical runs were accepted if one of the intéouatrols was within mean + 1 standard
deviation (SD) and the other control was within $R. The intra-assay coefficient of
variation (CV) was 11% (plasma pool, mean 0.14teaty units), and total day-to-day assay
CV was 25% (plasma pool) and 19% (recombinant CDB&@ relatively high CVs(15%)
suggested the existence of moderate variabilitywéen batches. To account for batch
variability, we performed recalibration by regressCD36 levels on batch and other
variables associated with CD36 levels including, @ge&, smoking status, alcohol intake, and
education [28], that might have been unevenly ithsted across batches by chance.
Satistical methods

We evaluated the baseline characteristics of paaints who developed CHD during
follow-up and the random sub-cohort members seplgraith medians and"395"
percentiles. The difference of plasma CD36 levelsvben gender, smoking status, adiposity
level, as well as history of diabetes and hyperesterolemia were examined by two-tailed t
tests in sub-cohort population with adjustmentaige and sex. Plasma levels of CD36 were
categorized into tertiles based on the distribuab@D36 in sub-cohort participants. Cox
proportional hazard regression using age as therlyml time-scale with standard inverse
probability weights and robust variation to accolantthe case-cohort design was used to
estimate the hazard ratio (HR) and correspondifg 8dnfidence interval (Cl) of CHD

comparing the highesersus lowest tertile of plasma CD36 levels. Person-yasse



148 calculated from the study entry to diagnosis of CldBath, emigration, or end of follow-up
149 in 2008, whichever came first. Multivariable models adjusted for potential confounders
150 including age (continuous), sex (men, women), smgpknever; former; current <15, 15-24,
151 >25 grams of tobacco/day), length of school edungstort < 8; medium 8-10; long >10
152  years), BMI (continuous), alcohol intake (nondrinkdrinker, <5, 5-9, 10-19, 20-3940

153 grams of alcohol/day), as well as self-reportedengpolesterolemia and diabetes (yes, no).
154 In addition, we also examined the possible nonalinrelation between plasma CD36 and
155  CHD risk using restricted cubic spline regressidth\8 knots at 28, 50" and 7%’

156 percentiles of plasma CD36 concentrations. If naat®n from linearity was detected, we
157 also calculated the CHD risk associated with penrg&gilement of plasma CD36. Moreover,
158 age- and sex-adjusted means of plasma CD36 lewts ampared between subgroups of
159 sex (men, women), smoking status (current smokers,;smokers), history of diabetes (yes,
160 no), body mass index (<25 kg/n®5-<30 kg/m, >30kg/m?) and history of

161 hypercholesterolemia (yes, nBurthermore, we evaluated the joint effect betweetiles of
162 plasma CD36 and different cardiovascular risk fesstasing the lowest tertile of plasma

163 CD36 and the low-risk category of each risk fae®the reference. This corresponds to the
164 evaluation of biological interaction on the additiscale, as per Rothman. From these results,
165 we can qualitatively judge whether the combinedosxpe to high CD36 and a risk factor,
166  such as diabetes, is greater than expected badee ordependent “effect” of each. To get a
167 P for interaction, we used the multiplicative modglere plasma CD36 was modeled

168 continuously and included also the risk factor amdraction term between them. Data were
169 analyzed using SAS version 9.4 (SAS Institute,, I6ary, North Carolina). Two-sidgd

170 values of <0.05 were considered to be statisticatjpificant.
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RESULTS
Population characteristics

The characteristics of the case-cohort participareshown iTable 1. The median
age at baseline was 58 years for the participaiatsdeveloped CHD and 55 years for the
randomly selected sub-cohort individuals. In conguar to the sub-cohort participants, those
who developed CHD were more likely to be male, enirsmokers, had higher BMlI, lower
education, and history of diagnosed hypercholekeria or diabetes. In addition, cases had
higher concentrations of plasma CD36 compared sutircohort participants. Within the
sub-cohort, the mean value of plasma CD36 levetsauastantially higher among men
compared to womerp£0.04; Table 2), and among obese participants compared to sgbject
with normal weight p=0.02; Table 2).
Associations of plasma CD36 and CHD risk

After adjustment for age, sex and lifestyle factetevated plasma CD36 levels were
not associated with higher risk of CHD; the HR camnpg the highestersus lowest tertile of
plasma CD36 levels was 1.02 (95% CI 0.84- 1T2@le 3). Restricted cubic spline
regression analysis did not suggest a non-lindatiwaship between plasma CD36 and CHD
risk (p=0.99 for nonlinearitySupplementary Figure 1). When modelling plasma CD36 as a
continuous variable, the HR (95% CI) for CHD witlrfl SD increment in plasma CD36
was 1.01 (0.93-1.07) in the multivariable modele Tasults were materially unchanged after
further adjustment for postmenopausal status anadree therapy. In sensitivity analyses,
we repeated the analysis after timming CD36 lelgl8" and 9%' percentile, and found a
similar association between plasma CD36 and CHO(HR per SD:1.05; 95% CI
0.92-1.19).
Joint analysis with cardiovascular risk factors

In joint models, a higher CD36 level did not addtte risk of CHD beyond sex,
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smoking, obesity, and hypercholesterolentiab{e 4). However, elevated plasma CD36
levels were associated with higher CHD-risk amoegpbe with diabetes. Compared with
participants who were in the lowest plasma CD3tl¢esind free of diabetes, higher CD36
levels were not associated with higher CHD-risk agwon-diabetic individuals (HR
comparing the highesersus lowest tertile of plasma CD36 levels was 1.00 (95P0.83-
1.21), whereas the HR among participants was 28%(Cl: 1.08, 7.45) for diabetic
participants with the highest CD36 level. Nevertissl no significant interactions were

observed between CD36 with all these cardiovascidarfactors (alP-interaction >0.05).

DISCUSSION

In this large, prospective case-cohort study anfaagish men and women, elevated
plasma CD36 levels were not associated with high#D-risk in the overall population.
However, a suggestive positive association betvedmrated plasma CD36 levels and higher
CHD-risk was observed among participants with pevadiabetes.

Thus far, only cross-sectional studies have beadwtted to explore the relationship
between plasma CD36 and presence of atheroscl¢20s2]. Among 62 Norwegian
patients with high-grade internal carotid stenddmndberg et al. [21] found that patients
with echolucent carotid plaques had higher plasid882than those with
echogenic/heterogeneous plaques, and suggestedB&tmay play a critical role in plaque
instability and symptomatic carotid atheroscleroBigthermore, a study of 1029 healthy
individuals from 14 European countries found a weatkelation (=0.10;p<0.01) between
plasma CD36 and carotid atherosclerosis as refldntentima-media thickness [20].
However, in contrast, a recent study from Polamdndit find any significant correlations
between plasma CD36 concentrations and atherosddrsing a comprehensive set of

radiological parameters) among 70 patients withyearset coronary artery disease [22].
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Reverse causality is a concern in these reporte $ire temporal relations cannot be
determined from cross-sectional studies. To thédifesur best knowledge, the current study
is the first prospective population-based studyntestigate the association between plasma
CD36 and CHD-risk. During the 14-year follow-up, die not observe a positive association
between plasma CD36 levels and CHD risk in the ggmp®pulation, but we found a
moderate positive association among participants salf-reported diabetes. However, given
the multiple statistical tests and small numbediagnosed diabetes cases, our observed
association between plasma CD36 and CHD among:imentits with prevalent diabetes
could also be due to chance, and should be intexpreth caution.

Although the underlying mechanism is not clear petsma CD36 was previously
hypothesized to be released into the circulatiopaasof the low-grade inflammatory state in
insulin resistance and atherosclerosis in a prevsbudy [18]. Plasma CD36 levels
moderately correlated with membrane CD36 expredsidiier tissue (correlation=0.37,
p=0.07) [19], and elevated plasma CD36 levels wesenied in obese people and patients
with type 2 diabetes, in accordance with raisexligsSCD36 expression reported by others [5,
15, 16, 29, 30].

Several lines of experimental evidence also sugdbat membrane CD36 is
implicated in the pathophysiology of developingulns resistance and atherosclerosis
[31-33]. In the presence of high glucose levelmsulin resistance, membrane CD36
transcription and expression is upregulated anttidead to an almost 10-fold increase in
CD36 mediated ox-LDL uptake [15, 29, 34], and tmasy provide a mechanism for
accelerated atherosclerosis in diabetic patief®s [ addition, ox-LDL uptake by CD36 has
shown to be dependent on the fatty acid that sanatiusly binds to the same receptor [35].
Interestingly, recent studies have demonstrateidhtiealications (peroxisome

proliferator-activated receptor-gamma agonist aetfonmin), exercise and food extracts
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(green tea polyphenols and cinnamon) could deci€BS86 expression in animal models and
plasma levels in humans [34, 36-39]. Future stusiesild investigate whether such
interventions might lower plasma CD36 among people type 2 diabetes, and if lowering
the plasma CD36 level translates into decreasinB-@dsk

Given the previous associations particularly withaucent plaques, we propose that it
would be worthwhile to expand the endpoint fromgoGHD to all cardiovascular disease
(such as including stroke events). Our currentysardy included CHD events and we cannot
exclude that associations with stroke might bengjeo.

Our study has the strength of assessing the asisoceetween plasma CD36 and

CHD risk, as well as exploring potential interan8owith other CVD risk factors. In addition,
the present study is a prospective design witrelaegnple size; hence the recall bias in the
exposure data prior to CHD diagnosis does not ei’i@ivever, some limitations merit
consideration. First, we were only able to investighe risk of CHD as we did not have
plasma samples from stroke cases. Moreover, typalietes cases were self-reported in the
current study and not identified by standardizembbltesting, thus, underestimation of the
type 2 diabetes may exist. In addition, we includgdtively small number of diabetes cases
and thus may have limited statistical power forgtratified analyses, however, our direction
of association pointed towards the same directmnpared to previous observations [18, 40,
41]. Furthermore, we observed moderate batch viityalwhich was accounted for by
batch-recalibration. However, even though this méthogy can break any potential
association between CD36 and potential confoundetee final Cox models, a smaller CV
for the CD36 measurement would provide greateissizdl power and precision in our
analysis. As such, we cannot exclude that the l\argdl result in our study could be partly
explained by our measurement error. Additionahg present study was conducted among a

Caucasian population living in Northern Europe, #r@results may not be applicable to
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other ethnic groups.

Conclusions

In conclusion, we have observed that elevated @aSD36 levels not associated
with higher CHD risk in a general population. Adency for a higher risk was observed
among participants with diabetes. Plasma (or citoud)) CD36 concentration could be an
interesting new marker that may link diabetes ahdrasclerosis but future longitudinal
studies are needed to examine the role of CD36isk@f cardiovascular disease,

particularly stroke, and to validate our findingsother ethnic groups.
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Table 1. Characteristics of participants who developed GHibing follow-up and sub-cohort

members in the Diet, Cancer and Health study

Variable Sub-cohort CHD cases
N 1759 1963
Age (yrs) 55.0 (50.0, 64.0) 58.0 (51.0, 64.0)
Women 46.5% 27.2%
Postmenopausal (womén) 58.3% 71.0%
Current estrogen use 31.7% 29.0%
Education < 8 yrs, % (N) 33.5% 45.0%
Current smoker, % (N) 37.8% 54.8%
Alcohol, g/d 13.6 (0.7, 65.7) 13.6 (0.2, 69.2)
Physical activity, METs/wk 60.00 (19.5, 155.0) 5816.5, 163.8)
BMI (kg/m?) 25.6 (20.5, 33.0) 26.7 (21.1, 34.7)
Diabete§ 1.8% 5.5%
Hypertensioh 18.4% 31.3%
Hypercholesterolemfa 8.0% 13.0%
Plasma CD36, arbitrary units 0.62 (0.08, 2.67) @88, 2.57)

Median (%' and 95 percentiles) or %.

®Among women.

®Self-reported physician-diagnoses of diabetes, figpsion, and hypercholesterolemia.
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Table 2. Least-squares means of plasma CD36 level in ralydeelected participants from the

Danish Diet, Cancer and Health Study.

Mean CD36 level (95% ClI) p°
Men 0.91 (0.85, 0.96)
Women 0.82 (0.76, 0.88) 0.04
Non smokers 0.90 (0.84, 0.95)
Current smokers 0.81 (0.75, 0.88) 0.07
Non-diabetes 0.87 (0.83, 0.91)
Diabetes 0.71 (0.40, 1.03) 0.33
Normal weight 0.82 (0.75, 0.88)
Overweight 0.88 (0.82, 0.94) 0.18
Obesity 0.97 (0.86, 1.08) 0.02
Non hypercholesterolemia 0.86 (0.81, 0.90)
Hypercholesterolemia 0.97 (0.82,1.12) 0.16

Data were means (95% ClI), adjusted for age andveieare appropriate).

% values for test of difference in means of CD36.
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Table 3. Hazard Ratios (HRs) and 95% confidence inter{@8%c CI) for coronary heart disease risk accordinglasma CD36 level.

Tertiles of plasma CD36 Continuous
T1 T2 T3 Per SD (0.87 unit) p
N cases/N at sub-cohort 595/586 676/588 692/585
Median (interquartile range) 0.24 (0.12-0.33) 0©852-0.73) 1.32 (1.03-2.04)
Age and sex adjusted HR (95% ClI) 1 (ref) 1.03 (01823) 1.03 (0.87, 1.22) 1.00 (0.93, 1.07) 0.89
Multivariable model HR(95% CI) 1 (ref) 1.00 (0.83, 1.21) 1.02 (0.84,3).2 1.01 (0.94, 1.09) 0.71

HRs were obtained from Cox proportional hazardesgjon models stratified by sex.

Tertiles created based on the distribution in #relom sub-cohorp-values were calculated using the continuous CEB&kles.

*Multivariable model: adjusted for age, sex, BMI,akimg, alcohol, physical activity, education, sedfsorted hypercholesterolemia, and diabetes.
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Table 4. Hazard ratios (HRs) and 95% confidence interf@lsisk of coronary heart disease by joint catégaiion of CD36 tertiles and cardiovascular

disease risk factors and continuous CD36 withiatatr

Tertiles of plasma CD36 Continuous

T1 T2 T3 Per SD (0.87 unit) p
Gender
Female (N=1,336/N cases=534) 1 (ref) 1.08 (0.843)1. 1.02 (0.76, 1.36) 0.98 (0.86, 1.13) 0.8
Male (N=2,328/N cases=1,429) 2.76 (2.10, 3.64) p2387,3.48) 2.80(2.16, 3.62) 1.03 (0.94,1.13) 0.5
Current smoking status
No smoking (N=1,961/N cases=888) 1 (ref) 1.01 (01728) 0.96 (0.76, 1.22) 0.99 (0.90, 1.09) 0.8
Current smoking (N=1,703/N cases=1,075) 2.01 (2%:=B8) 2.02(1.57,2.60) 2.16 (1.66, 2.80) 1.09301.16) 0.5
Nor mal/Overweight/Obesity
BMI <25 kg/nf (N=1,362/N cases=603) 1 (ref) 1.15(0.86, 1.55) 8180, 1.47) 1.03 (0.90, 1.18) 0.6
BMI 25-30 kg/nf(N=1,638/N cases=923) 151(1.13,2.02) 147 (1M¥5) 1.59(1.19,2.11) 1.01(0.91, 1.11) 0.9
BMI >30 kg/nt (N=664/N cases=437) 2.71(1.71,4.30) 2.09 (134®) 1.97(1.38,2.82) 0.96 (0.79, 1.18) 0.7
Diabetes
No diabetes (N=3,530/N cases=1,855) 1 (ref) 1.083(Q1.21) 1.00 (0.83,1.21) 1.01 (0.93, 1.08) 0.9
Diabetes (N=134/N cases=108) 2.11(0.87,5.13) @O®W, 3.99) 2.83(1.08, 7.45) 1.37 (0.92, 2.04) 0.1
Hypercholesterolemia
No hypercholesterolemia (N=3,281 /N cases=1,707) (ref} 1.06 (0.87,1.30) 1.09 (0.89, 1.33) 1.08401.09) 0.8
Hypercholesterolemia (N=383/N cases=256) 241 (B4B) 1.48(0.96,2.27) 1.49(0.98, 2.26) 1M8q, 1.42) 0.7

Models were adjusted for age, alcohol, physicaVvigteducation; and for sex, smoking, BMI, sedjported hypercholesterolemia, and diabetes where

appropriate.
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« CD36 was not associated risk of coronary heart disease in the total population.
« There was a suggestion of higher risk of coronary heart disease among participants

with both high CD36 levels and existing diabetes.



