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Abstract

Background: Familial dyslipidemias of either hewmous (heFH) or combined

(FCH) type lead to accelerated atherogenesis amdared cardiovascular risk.

Objective: The aim of this study is to investigatestatin-naive adult patients with
familial dyslipidemias whether inflammatory activat and liver, spleen and bone
marrow metabolic activity differ compared to noripalemic subjects and between

dyslipidemic groups.

Methods: Fourteen patients with FCH, 14 with heFhd al4 normolipidemic
individuals were enrolled. Serum lipids, high sémgy C reactive protein (hs-CRP)
and fibrinogen levels were measured, followed B¥DG-PET/CT imaging.
Radiotracer uptake in the aortic wall, spleen, boerow and liver was quantified as

tissue to background ratio (TBR).

Results: Patients with heFH had significantly highBL levels compared to those
with FCH and controls (p<0.001). However, aortic R8 were higher in FCH
compared to heFH patients and controls (p=0.02 @@ 001 respectively). FCH
patients exhibited higher FDG uptake in the sple@mpared to controls (p=0.05). In
addition, FCH exhibited higher bone marrow FDG Wptaompared to heFH patients
and controls (p=0.03 and p=0.02, respectively). FG&&tl higher liver uptake
compared to heFH patients and controls (p<0.00bébh). Significant correlations
were observed between inflammatory biomarkers anaging indices as well as

between aortic TBR and FDG uptake of hematopoatiens and liver.

Conclusions: Systemic as well as vascular inflanmnaand spleen, bone marrow and
hepatic metabolic activity are increased in pasiemth FCH, despite lower levels of

LDL.
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Introduction

Familial hypercholesterolemia is characterized bgflammatory activation
demonstrated by elevated peripheral biomarkersuidiess including mainly children
and adolescents® Furthermore, patients with familial hypercholestemia
maintained an inflammatory phenotype despite l@rgst therapy with statifis
Recently, vascular inflammation has been investidan a study of 24 patients with
familial hypercholesterolemia and 14 normo-lipidensontrols, demonstrating that
arterial wall inflammation was higher in patientghwfamilial hypercholesterolemia
under statin treatment in comparison with contfolslost of the existing studies do
not distinguish between the two more common typedamilial dyslipidemias:
heterozygous familial hypercholesterolemia (heRttjich is associated with elevated
LDL cholesterol levels and familial combined hypgidemia (FCH), which has been
related withhypersecretion of very low density lipoproteins ML), low HDL-
cholesterol, small-dense LDL particles, and incedasemnant cholesterol levéld.
Moreover, recent evidence suggests that increagdd dholesterol was correlated
with atherosclerotic event risk but not with inflaration, whereas a causal
association between remnant cholesterol and lodegriaflammation, as well as
ischemic heart disease has been obsétveld. has also been shown that FCH
influences hepatic metaboli€ninsulin resistance and central obesiynd increases

hematopoietic tissue activation in the experimesesiing™

8F_fluorodeoxyglucose positron emission tomographyfouted tomography
imaging (°FDG-PET/CT) allows assessment of vascular inflarfondt**in tandem
with hematopoietic tissue activattdit® , liver metabolic activity' *® and adipose
tissue volume's and may therefore be an ideal imaging test forsmeag those

parameters in patients with FCH or heFH. No comipar assessment of the degree



of inflammatory activation in these two dyslipidemiypes has been previously
performed. Therefore, the aim of the present swdy to investigate in statin-naive
adult patients with familial dyslipidemias whetheflammatory activation and liver

metabolic activity differ compared to normolipidensubjects and whether there are

any differences between FCH and heFH patients.

Material and Methods
Study population

The study population was recruited from the Lipidit@atient Clinic of First
University Cardiology Clinic, Hippokration GenerHlbspital, Athens, Greece from
April 2015 to July 2016. Subjects with familial dipsgdemias were screened and we
only included prospectively consecutive treatmerdive patients with heFH and
FCH. All participants were genetically unrelatedl subjects were informed about
the protocol and after written informed consent evamncluded in the study. All
participants underwernfFDG-PET/CT imaging. (Figure 1) Exclusion criteria the
dyslipidemic patients were known cardiovascular edg®, active infections,
inflammatory, autoimmune or active neoplastic dieeée.g vasculitis, lymphomas),

and uncontrolled diabetes mellitus.

The control group consisted of non-dyslipidemicividbials scheduled fot’FDG-
PET/CT imaging. Subjects of the control group wirdividuals with a history of
malignancy, free of active disease at the timehef*(FDG-PET/CT investigation.
Patients with known atherosclerotic disease, pasehactive systemic inflammatory

or autoimmune disease or use of systemic corticmgtéreatment were excluded.

Data collection



Weight and height were measured for the calculadbmody mass index (BMI)
(kg/m?). Blood lipid levels as well as serum high seniiti C reactive protein (hs-
CRP) and fibrinogen were measured in all the sabjafter an overnight fasting.
Total cholesterol, high-density lipoprotein chotst (HDL), and triglycerides were
measured using colorimetric enzymic method in ehiheon automatic analyzer RA-
1000 (Dade-Behring Marburg GmbH, Marburg, Germa®grum insulin levels were
determined by a solid-phase, competitive chemil@sient enzyme immunoassay
system, IMMULITE 2000. Apolipoprotein B and hs-CRRere measured by
immunonephelometry (BN Il system, Siemens GmbH,n@&y and CRP reagent,
Dade Behring, respectively). Fibrinogen was meakurng standard coagulometry
technique (Multifibren® U Reagent, Siemens). LDloldsterol was calculated by the
Friedewald formula, unless patients had triglycesidevel >400 mg/dl. Insulin
resistance was assessed by homeostasis modelnassefidOMA), by the use of the
following equation: HOMA-IR = (glucose x insulin@d8 glucose in mg/dl, insulin in
pU/ml, considering insulin resistance if HOMA was3.20. All biochemical analyses
were carried out in one laboratory following thetemia of the World Health
Organization Lipid Reference Laboratorf@sThe present study was approved by the

Medical Research Ethics Committee of our Institutio

Diagnosis of heFH and FCH

Clinical diagnosis of heFH was based on criteriaoading to the US Make Early
Diagnoses Prevent Early Deaths Program Diagnostiiter@ (MEDPED)*
Specifically, documentation of a LDL receptor getedect, or off-treatment plasma

LDL cholesterol level above the 95th percentile $ex and age, no secondary cause



of dyslipidaemia and at least one of the followitgpical tendon xanthomas in the
patient or in a first-degree relative, or familiartical transmission, meeting LDL
cholesterol criteria among first- or second-degedatives, or proven coronary artery
disease in the patient or in a first degree redatimder the age of 60ln addition,

Dutch Lipid Criteria score 3 was used in order to confirm the diagnosis.

The diagnosis of FCH was established when the rgatied at least one family
member had plasma triglyceride levels more thanmg3@l and apolipoprotein B
more than 120 m g/dl according to previously putgid criterig?? Moreover, the

presence of family history of premature cardiovéacdisease was confirmatory of

the diagnosis.

¥=_FDG PET/CT imaging

®=_.FDG PET/CT imaging was performed after a peribdtoleast 6 hours fasting.
Plasma glucose levels were <180 mg/dl. Images wiet@ned following intravenous
administration of 14QCi/kg FDG (Biocosmos S.A., Greece) and uptake pedb

125.8 + 14.8 min for patients with genetic dyslgidas and 121.6 + 6.6 min for the
control group, respectively, p=0.67fF-FDG PET/CT (Biograph 6, Siemens,
Forchheim) of the thorax and abdomen was performigd the patient placed in

supine position. Attenuation-correction and cosegtion was performed with the
use of a low-dose, non-gated, non-contrast-enhaccetguted tomography (30mA,

110 KV).



18F_FDG PET/CT measurements

18F_FDG PET/CT anonymized images were assessed Ugneaho were unaware of
the patients’ characteristics and the results o€liemical tests. In agreement with
prior studies, *F-FDG PET/CT images were assessed in consensuswby t
experienced physicians with an interest in cardioudar nuclear medicine. Basic
principles of image analysis have been previouskcdbed? In brief, cross sections
of circular or ellipsoid regions of interest (RO#yound the arterial wall were
manually drawn along the whole vessel in conseeudixial images at intervals of 5
mm for the thoracic and abdominal aorta. For FD@lk® quantification, maximum
standardized uptake value (SUVmax-standardizeckaptalue based in body weight)
was recorded as the highest pixel activity withatle ROIl. To correct arterial PET
signal for blood activity, 6 ROIs 3-4mm diameter l@ast, were placed over the
superior vena cava and average SUVmean value Wadatad. The arterial target-to-
background ratio (TBR) was then derived by dividthg mean arterial SUVmax to
the average value of venous SUVmean estimated fharsuperior vena cava (i.e:
arterial TBR = mean arterial SUVmax /mean venou¥®ean)?® TBR of thoracic
aorta (TBRnoracic) Was calculated as the average value of the TBRs@ending
aorta, aortic arch and descending aorta. SimilafBR of the abdominal aorta
(TBRagpominaL) Was calculated as the average value of suprai@malinfrarenal
abdominal aorta. Furthermore, global TBRra was derived by calculating the sum
of TBRs of ascending and descending aorta, aorth, asuprarenal and infrarenal

abdominal aorta divided by 5.

For the evaluation of the FDG uptake in the spl&m ROIs were designed on fused
axial tomographic images from the display starthi® end of the spleen image for
each individual and SUVmax was determined. Forquaring comparisons between
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groups and avoid weight based influences on ousareanents, we have normalized
spleen SUV values of each slice by calculatingrdi® of SUVmax to the superior

vena cava average, SUVmean. The splenic activig/tivan quantified as the absolute
TBRmax from all the axial slices. Regarding bonerma measurements, 5mm ROIs
were placed within each vertebrae from the firstdlic to the fifth lumbar vertebrae
and SUVmax was recorded. For consistency, wittriattend splenic measurements,
TBRmax was then derived by dividing the SUVmax aéte ROI with the blood pool

average SUVmean. The metabolic activity of boneravarwas estimated as the

average value of all the vertebrae TBRm&ax.

®=_.FDG PET/CT image analysis of the liver was perfed by placing a circular ROI
of 3 cm diameter in the right lobe in consecutivansverse images for each
participant from the display start to the end & tiver image and SUVmax of each
ROl was recorde TBR liver was then calculated by the ratio of thiesolute
recorded hepatic SUVmax to the average value of i8&ah measured within the
superior vena cava (SVC) as previously describedrllBR = max liver SUVmax /

mean venous SUV mean).

For correlations between imaging indices of différeissues and to avoid
confounding factors such as weight (for SUV) or tinluence of a common
background (venous SUV mean, in the case of TBRe)additionally calculated
SUVmax normalized to the lean body mass (SUL) Iresp bone marrow and livé.

SUL was calculated by the formula
SUL=SUV* (LBM/PatientWeigtGram$}
and LBM from

LBM = (9270 * PatientWeightKg)/(6680 + (216*BMI)pf men
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LBM = (9270 * PatientWeightKg)/(8780 + (244*BMI)pf womeR®

Finally, for measuring liver density by computeantmgraphy (CT), 12 ROIs were
drawn within axial CT images of the liver from threepresentative levéfs
Specifically, each axial image was divided in faactors determined according to
Couinaud segmentation systénFour ROIs were designed at each level with cautio
to avoid including large vessels and focal lesio@3. density was measured in
Hounsfield units (HU), an index of hepatic fat disition, as the average value

derived from the 12 RO, 2’

CT image analysis of Visceral Adipose Tissue

Image analysis of fused PET-CT images was perforasdg the Hermes Hybrid
Viewer PDR 2.7.4 software (Hermes Medical Solutji@t®ckholm, Sweden). First, a
fat mask was created using the original CT imaggssdlecting all voxels with
attenuation between -190 and -30 Hounsfield UnitiJ)( (attenuation range
corresponding to adipose tissue on CT). Then, tieme of interest (VOI) on CT
was adjusted in order to include all visceral adgtissue (VAT) voxels between the
proximal (cephalic) end of the L1 and distal (cdudend of the L3 vertebrae

(subcutaneous adipose tissue was excluded froiviG@hpe

Statistical analysis

Quantitative data are presented as mean values #rSBedians (P25-P75), while
gualitative variables as absolute and relativedesgies. Probability values are two-

sided from the Mann-Whitney U test for continuoasiables. When there were more
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than 2 categories Kruskall-Wallis test was used.detween subgroups comparisons,
Bonferroni correction was performed. Non-continsiealues were compared by chi-
square test. A value of p<0.05 was considered figgnit. To assess correlations,
Pearson’s correlation coefficient was used. Stedisanalysis was performed with

commercially available software (version 20, SP&S Chicago, lllinois, USA).

Results
Study population

In total, 14 patients with heFH (7 with Dutch Lipiriteria score 6, 6 with 8 and 1
with 9), 14 patients with FCH and 14 controls wierguded in the study. In table 1
are summarized the demographic, clinical and laboyacharacteristics of the study
population. FCH patients were mostly men, had nodten arterial hypertension and
were heavier. They exhibited higher VAT volume eswcompared to heFH patients
and controls (2233.7+776.5 versus 1120.8+815.2use8§6.3+716.8 cin p<0.001).

VAT volumes of FCH patients were higher comparetidéH (p=0.001) and controls

(<0.001).

ApoB levels were significantly higher in heFH comgh to FCH group
(193.14+29.91 versus 142.29+£19.95 mg/dl respegtivek0.001). In contrast, FCH
patients showed higher triglyceride and HOMA indedues (326.50+152.27 versus

110.86+ 35.84 mg/dl, p<0.001 and 3.25+2.33 versb6#1.02, p=0.04, respectively).

Inflammatory biomarkers
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FCH patients had significantly higher serum hs-GieRpared to heFH patients and
controls (3.38+3.03 versus 2.12+2.85 versus 0.43%fng/dl, respectively, p=0.001).
Similar were the results for serum fibrinogen Ileve{364.00+73.90 versus
301.42+74.24 versus 262.19+69.68 mg/dl, respegtivgd=0.008). (Figure 2)
Performing between groups comparisons FCH patisinésved significantly higher
hs-CRP and fibrinogen levels compared to contrgis0(009 and p=0.004,
respectively). In contrast the differences in inflaatory markers levels between
heFH and FCH were not significant (p=0.82 and p40Qr@spectively). There were no
differences between male and female patients ifdethes of inflammatory markers
within groups (p=0.43 and 0.7 for controls, 0.38 @109 for heFH and 0.11 and 0.89

for FCH, for hs-CRP and fibrinogen respectively).

Vascular inflammation measurements

Patients with familial dyslipidemias showed higleartic TBR values in thoracic,
abdominal and global aorta compared to controlsgue 3) In particular,
TBRtHorAcic Values were higher in FCH patients compared toHhaRd controls
(2.13+0.22 vs. 1.95+0.22 vs. 1.67+0.10, respectivgd<0.001). (Figure 3A)
TBRtHorAcic Values of FCH patients were higher compared tdrotsn (p<0.001).

Similarly, TBRryoracic Values of heFH patients were higher compared turols

(p=0.004). There was a trend towards higher FiBRacic values of FCH compared

to heFH patients (p=0.06).

TBRaspominaL Values were higher in FCH patients compared tdHhaRd controls
(2.19£0.32 versus 1.89+0.21 versus 1.64+0.25, oisppdy, p=0.001, Figure 3B).

TBRaspominal Of FCH patients was higher compared to heFH (@0abd controls
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(p<0.001). TBRepominaL Values of heFH patients were higher compared tdrols

(p=0.05).

TBRaorTa Values were higher in FCH patients compared toHh@Rd controls
(2.15+0.24 versus 1.93+0.20 versus 1.65+0.14, otsedy, p<0.001, Figure 3C).
TBRaorTa Values were higher in FCH patients compared toHh¢p=0.02) and
controls (p<0.001). Similarly, TBRgrta Vvalues of heFH patients were higher

compared to controls (p=0.01).

There were no gender related differences in vasclBRs within the three study
groups (p=0.23, 0.1 and 0.31 for controls, heFH e@#l, respectively). In addition,
there was no difference in superior vena cava SUAmmmeasurements between

groups (p=0.11)

Correlation between lipid profile and arterial arfimation

There was a significant correlation between LDLelevand TBRorta in heFH group
but not in FCH group (R=0.67, p=0.009 and R=-0.050.88, respectively). No
correlation was observed between triglyceridesléesad TBRorta. (p=0.46 for the
FCH and p=0.87 for the heFH group, respectively)mil@rly, no significant
association between non-HDL levels and TB&a was found (p=0.35 for all the

dyslipidemics and p= 0.17 for the FCH group).

Hepatic metabolic activity

FCH patients exhibited higher TBRer values compared to heFH patients and

controls (3.25+0.46 versus 2.65+0.33 versus 2.£0#0p<0.001, Figure 4A).
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TBRyver Of FCH patients was higher compared to heFH (p3D.@&nd to controls
(p<0.001). In contrast, there was no differenceTBR_er values between heFH
patients and controls (p=0.33). No gender relaté@rdnces in liver TBRs were
observed within the three study groups (p=0.41,am@ 0.82 for controls, heFH and
FCH respectively). There was a significant coriefatbetween TBRver and

triglyceride levels in our study population (R=0p&;0.001).

FCH patients showed lower, although not statidycsignificant, hepatic CT density
values compared to heFH and controls (54.52+8.76&uge 59.92+5.80 versus

60.98+3.34 HU respectively, p=0.06).

Relationship of HOMA index with arterial and hega®ET measurements

There was a strong correlation between HOMA leweld TBR\orTa in patients with
familial dyslipidemia (R=0.57, p=0.007). SimilarlgOMA values were significantly

associated with hepatic FDG uptake (R=0.47, p=0.038

Spleen and bone marrow metabolic activity measunésne

There was a statistically significant differencespleen TBR values between FCH,
heFH patients and controls (2.65+0.56 versus 2.Z&t@ersus 2.02+0.40, p=0.03,
Figure 4B). FCH patients exhibited higher TBR valueompared to controls

(p=0.05). However, there was no significant differe in spleen TBR values between

FCH and heFH patients (p=0.22) or heFH and con{ps#6.99).

In addition, there was a statistically significatifference regarding bone marrow

FDG uptake between FCH compared to heFH patiemtantrols (3.33+£0.55 versus
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2.64+0.76 versus 2.50+0.65, p=0.01, Figure 4C). F@kients exhibited higher TBR
values compared to heFH patients (p=0.03) and alsn{p=0.02). In contrast, there
was no significant difference in bone marrow TBRuea between heFH patients and

controls (p=0.99).

There were no gender related differences in sp@einbone marrow TBRs within the
three study groups (p=0.56, 0.73 and 0.81 for otsytheFH and FCH respectively
for spleen and p=0.62, 0.99 and 0.78 for controésH and FCH respectively for

bone marrow).

Correlation of vascular inflammation with liver,lepn and bone marrow FDG uptake

Table 2 shows the correlation coefficients expressihe relationships between
arterial TBRs with SULs of liver, spleen and bonarraw. Statistically significant

correlations were observed for all three tissues.

Correlation of vascular, liver, spleen and bone rowar FDG uptake with

inflammatory biomarkers

Table 3 illustrates the correlation coefficientpmssing the relationships between
vascular, liver, spleen and bone marrow FDG upte#ikies with hs-CRP and
fibrinogen levels. Both circulating inflammatoryobnarkers levels were associated
with vascular, liver, spleen and bone marrow FDGak@. No correlation was
observed between hs-CRP or fibrinogen levels anannvenous SUVmean (p=0.60
and p=0.39, respectively). For demonstrative pwpogepresentative cases are

illustrated in Figure 5.

16



Discussion

In the present study, we demonstrate that a) bateic and local inflammation, as
assessed by serum biomarkers and imaging methsgeatively are increased in
patients with familial dyslipidemias compared tonrdyslipidemic individuals, b)
patients with FCH have higher arterial inflammati@nd metabolic activity of the
major hematopoietic organs, despite lower LDL lsyelompared to patients with

heFH and controls.

Our results on increased low grade inflammatorivatibn as demonstrated by higher
serum levels of hs-CRP and fibrinogen on dyslipislecompared to normolipidemic
individuals, are similar with previous observatibria which inflammatory cytokines
were increased in children with heFH. Our findirgge also in agreement with those
of Cheng et al. and Real et al. who have showndainic inflammation as assessed
by elevated CRP levels as well as other inflamnyatwomarkers was present in
adults patients with familial hypercholesterolenfia?® Raised circulating lipids
concentrations are probably implicated in the pesgion of atherosclerosis in
familial dyslipidemias. In particular, atherogetimoproteins infiltrate into the arterial
wall and they are oxidized in the subendotheliahcsp driving inflammatory

activation which consequently accelerate atherossis®

FCH individuals seem to have a more intense inflatony phenotype compared to
those with heFH. Atherogenic dyslipidemia obseniadthe former comprises
alterations of LDL composition, very low densitpdiprotein (VLDL) overproduction
and low HDL level® triggering an intense inflammatory response. Enbdn

inflammatory activity in FCH affects several orgdeading to premature coronary

17



artery disease, hypertension and hepatic stedtosfis. found that FCH patients
showed increased vascular inflammation, as evaluiayearterial wall FDG uptake,
compared to heFH and controls. Increased arteB& Values were also observed in
a previous study of patients with familial hypertdsterolemia, however, no
comparison between individuals with different typet familial dyslipidemias
regarding arterial inflammation was performielsh our study, vascular inflammation
was more intense in FCH compared to heFH subjdetpite lower LDL levels in the
FCH group. Moreover, a significant correlation beén LDL levels and the degree of
arterial inflammation was found only in heFH groufhree mechanisms may be
contributing to these findings: Firstly, the smaddlnse LDL particles observed in
FCH, and not in heFH patients, may explain the eased inflammatory
atherosclerotic burdéh.®! In particular, small dense LDL particles showed an
enhanced atherogenicity probably due to higheftiafion within the arterial wall,
prolonged half-life and reduced binding for the Lidceptor making them more
prone to oxidative alternatidh® Secondly, the insulin resistance previously
observed in FCPf, leads to release of free fatty acids from adipesyand
consequently, by blocking of glucose oxidization, Hepatic overproduction of
triglycerides and apolipoprotein B rich lipoprotgfhwhich have proinflammatory
activation in the vasculature. In agreement with $tudy by Pihlajama¥i J et al, we
also found increased insulin resistance in FCHep#di In addition, a strong
correlation between HOMA index and vascular FDGakpt was present in the
current study. A similar association between thmesgarameters has also been
reported by Ai Haraguchi et #.in the general population. Finally, adipose tissue
metabolism dysfunction, consisted of reduced prodocof the atheroprotective

adiponectin and increased atherogenic I8ptiand reduced storage rates of
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triglycerides in fat in FCF¥, contributes to accelerated atherosclerosis iemetwith

FCH.

In support of the aforementioned findings, we obsdrthat patients with FCH
showed elevated metabolic activity of the spleeth lzane marrow compared to other
groups. Recent evidence suggests that inflammadotiyity in atherosclerosis is
initiated in the bone marrow and spl&eA° Other studies report that in response to
hypercholesterolemia, the bone marrow and spleearposduce Ly-6C high
monocytes that enter the circulation, preferentitfiltrate in atherosclerotic lesions,
and convert to macrophagé® ** In addition, two recent studies, usiftFDG-
PET/CT measurements, state that remnant cholestelates enhanced proliferation
at the bone marrow level and that a chronicallg@#d hematopoietic system was the
main driver for a low-grade inflammatory activity atherosclerosi: “*In light of
these studies, the increased metabolic activitha#matopoietic tissue in patients
with FCH may be a marker of increased immune resp@md related to macrophage

accumulation in atherosclerotic lesions.

Liver FDG uptake in FCH patients was increased amegh to heFH and non-
dyslipidemics. The increase in FDG uptake by tiverlimay due to a number of
factors associated with the FCH phenotype, sucimadin resistance, obesity, and
hypersecretion of VLDL. Insulin resistance is coommin FCH patients and is
associated with lipid phenotype expression and fiater diseasé® In the current

study, HOMA index values were associated with liW&XG uptake and were higher in
FCH compared to heFH patients. In accordance wihipus studies, we observed a
significant association between the biologicalaigtiof the spleen and bone marrow
with arterial inflammation that was even strongar the abdominal aorta: *® These

findings indicate that the inflammatory processimyratherosclerosis is possibly
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modified by monocytes and progenitor cells produdsdthe spleen and bone
marrow. Moreover, in agreement with recent dfatae also found an association
between liver FDG uptake and arterial inflammatiBrobably, liver fat accumulation
and insulin resistance modify production of trigdyides-rich lipoproteins in the liver

driving a pro-atherothrombotic lipid profile anchatosclerosié®.

Clinical implications

The prognostic role of arterial, spleen and boneroma FDG uptake for future
cardiovascular events of asymptomatic individualsas h been previously
demonstrate ** *° The present study contributes to our understandihghe
underlying pathophysiology in hereditary dyslipidasa There is evidence that
patients with heFH are at an increased risk noy dat premature but also for
recurrent cardiovascular evelftsConsidering the high prevalence of both heFH and
FCH and the differences in vascular inflammatio ammune system activation
between the two entities, systematic screeningeoietal population for hereditary
dyslipidemias, as well as early diagnosis and gppate treatment modification are
of paramount importance for these patients. Finally demonstration of an intense
atheromatic milieu in FCH patients supports thednéar development of new
therapeutic strategies addressing the drivers sk and inflammation that is
atherogenic dyslipidemia, insulin resistance amdn@nt lipoproteins. Such strategies
can be targeted to patients for whom Mediterrarddan exercise, control of obesity
and visceral fat burden, as well as intensive nadianagement for controlling
triglycerides and overall atherogenic lipoproteinrden (non-HDL-C and apoB

levels) resulted in a sub-optimal risk reductionftdure cardiovascular events.
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Limitations

The present study has several limitations but atsne strengths. Firstly, a modest
number of patients with familial dyslipidemias weneluded. However, in our study
only treatment-naive adults with different types béreditary dyslipidemias
underwent'®F-FDG PET/CT imaging, and these are unique featuoespared to
prior similar studies. Moreover, we have employ#FDG PET/CT imaging that is
highly reproducible and sensitive as it can detddG signal differences between
groups with a relatively small number of patieHtsSecondly, the FCH group
comprised predominantly male individuals, howevere observed no gender
differences in FDG uptake in patients with heFHcontrols. Thirdly, FCH shares
considerable phenotype overlap with metabolic symdr. Indeed, FCH patients had
significantly higher BMI than heFH and controlsaar study. However, FCH patients
were recruited according to validated critéfiaMoreover, quantification of
pericardial fat was not performed because the tuaf CT images with the
instrumentation used in the current study would rm@ve allowed reliable
measurements. Lastly, the contribution of inflamorain FDG signal differences in
the other tissues was identified indirectly by thereased levels of inflammatory
markers. We have not performed biopsies in thegansr or flow cytometry analysis
of peripheral monocytes, because in depth investiga of underlying

pathophysiological mechanisms or causality was heybe scope of this study.

Conclusions
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Both systemic and local inflammation, are increasedpatients with familial
dyslipidemias compared to non-dyslipidemic indivatiu In addition, compared to
patients with heFH and controls, individuals witltCHF have higher arterial
inflammation and metabolic activity of the majomfegtopoietic organs and liver as
expressed by FDG uptake, despite lower LDL lev@lsese differences could imply a
higher risk of patients with FCH compared to thedth heFH, and partially explain
why individuals with familial dyslipidemias and siar risk factors and LDL levels

do not develop atherosclerosis to the same extent.
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Figure Legends
Figure 1: Flow chart of the study.

Figure 2: Comparison of inflammatory biomarkerselsvin patients with familial
combined hyperlipidemia (FCH), heterozygous farhhigoercholesterolemia (heFH),
and nondyslipidemics controls. Individuals with FCehibited higher high
sensitivity- C reactive protein (hs-CRP) (A) anbriinogen (B) values in comparison
with heFH and controls. The bottom of the boxesasgnts the first quartile, the top
of the boxes represents the third quartile, andlitree in the boxes represents the

median value.

Figure 3: Fluorodeoxyglycose signal quantified aget-to-background ratio (TBR)
within the wall of the thoracic aorta (A), abdomimarta (B), and whole aorta (C), is
greater in patients with familial combined hypedigmia (FCH) compared to
individuals  with  heterozygous familial hyperchosiemia (heFH) and
nondyslipidemic controls. The bottom of the boxesresents the first quartile, the top
of the boxes represents the third quartile, andlitree in the boxes represents the

median value.

Figure 4: Fluorodeoxyglucose uptake within thedi®), the spleen (B) and the bone
marrow (C) of subjects with familial dyslipidemiagnd of nondyslipidemic
individuals. The bottom of the boxes representditise quartile, the top of the boxes

represents the third quartile, and the line inltbees represents the median value.

Figure 5: Increased hepatic, spleen, aortic ande bmarrow fluorodeoxyglycose
(FDG) uptake in patients with familial combined kyipidemia (FCH). Fused 18
fluorodeoxyglycose positron emission tomograptiFDG PET/CT) axial views of

liver (green crosses) and spleen (marked as whitd¥, B1, C1), coronal views of
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aorta (blue arrows) (A2, B2, C2), and sagittal \8evbone marrow (red arrows) (A3,
B3, C3). There was an intense FDG uptake quantdedarget-to-background ratio
(TBR) within liver, spleen, aortic wall and bone moav in patients with FCH (A1-3)

compared to subjects with heFH (B1-3) and con{©ls-3).
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Table 1: Baseline characteristics and lipid prodilehe study population

Controls (n=14) heFH (n=14) FCH (n=14) p

Age 42.00 (30.00- 49.50 (32.25- 44.50 (35.75- 0.60
55.50) 60.00) 52.00)

Gender (male) 6 (46.2) 6 (42.9) 13 (92.9) 0.01

Diabetes mellitus 2 (15.4) 1(7.1) 3(21.4) 0.56

Arterial Hypertension 6 (46.2) 2 (14.3) 7 (50) 0.10

Family history of CAD 0 (0) 9 (64.3) 5(35.7) 0.002

Current smoker 9 (69.2) 5 (35.7) 8 (57.1) 0.21

BMI 21.74(17.4¢- 24.17 (22.2- 30.65 (25.8- <0.001
23.79) 27.77) 34.75)

Glucose (mg/dl) 100.00 (95.00-| 88.00 (83.75- 99.00 (94.00- 0.005
122.00) 94.75) 111.25)

Total cholesterol (mg/dl) 165.00 (151.50+ 321.50 (300.50-| 264.00 (230.50- <0.001
175.50) 350.75) 306.00)

LDL cholesterol (mg/dl) 97.00 (91.00- | 238.00 (209.75-| 162.00 (145.00- <0.001
103.00) 269.50) 184.00)

HDL cholesterol (mg/dl) 43.00 (40.50- 48.50 (44.75- 36.50 (29.75- 0.001
45.50) 73.50) 44.75)

Triglycerides (mg/d 88.00 (79.0- 98.50 (86.5- 260.00(232.0(- <0.00!
93.50) 128.00) 399.25)
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CAD indicates coronary artery disease; BMI, bodyssiiadex; LDL, low density
lipoprotein; HDL, high density lipoprotein; All vaés are expressed as median (P25-

P75) or n (%).
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Table 2: Correlation coefficients between livedesm, bone marrow SULs and

vascular TBRs

TBRrHorACIC TBRagpOMINAL TBRaoRrTA
SULver 0.36 (0.04) 0.47 (0.004) 0.40 (0.02)
SULspLeen 0.49 (0.006) 0.47 (0.005) 0.47 (0.007)
SULsonewarmow | 0.38 (0.03) 0.45 (0.005) 0.41 (0.02)

SUL indicates standardized uptake value normal®elkan body mass; TBR, target

to background ratio. All values are expressed a®lagion coefficients R (p values).
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Table 3: Correlation coefficients of vascular, tivespleen and bone marrow

inflammation with inflammatory biomarkers

TBRTHORACIC TBRABDOMINAL TBRAORTA TBR TBR TBRBONE

LIVER SPLEEN MARROW

hs-CRP 0.49 (0.02) 0.54 (0.006 0.52 0.63 0.64 0.45

(0.01) | (0.001) | (0.001)| (0.03)

Fibrinogen 0.65 (<0.001 0.51 (0.005 0.64| 0.53 0.54 0.56

(<0.001) | (0.004) | (0.004) | (0.02)

TBR indicates target-to-background ratio; hs-CR&h Isensitivity C reaction protein.

All values are expressed as correlation coeffisi&(p values).
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257 were excluded because
they were under statin

35 denied to participatein

6 were excluded:
2 due to claustrophobia

the study * 4 denied just before the
treatment examination
43 patients with 14 heFH
heterozygous familial underwent 18F-
326 patients with hypercholesterolemia N 18 hefH FDG-PET/CT
familial dyslipidemias (heFH) imaging
visited the Lipid
Qutpatient Clinic
between April 2015 to 26 patients with familial und::vz(r:'l:l 18F
July 2016 combined dyslipidemia [} 16 FCH
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14 non-
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Figure 1 18F-FDG-PET/CT
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Highlights

Thisisthefirst study to investigate vascular inflammation in familial
combined dyslipidemia

Liver, bone marrow and spleen metabolic activity were a so evaluated
FCH exhibits higher vascular activity compared to heFH

Correlations between vascular and hematopoietic tissues metabolic activity

were noted



