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Abstract

Purpose of review—Dementia is a major cause of disability and institutionalization. Besides
age and APOE genotype, there are currently no established, clinically relevant, non-invasive
markers of dementia. We conducted a literature search of recent observational epidemiological
studies evaluating the relevance of high-density lipoprotein cholesterol (HDL-C) and
apolipoproteins as biomarkers of future and prevalent risk of dementia.

Recent findings—HDL-C and apolipoproteins, such as apolipoprotein E (apoE) have been
suggested to play important roles in brain function and have been associated with dementia and
Alzheimer’s disease (AD) in observational studies. However, findings have been inconsistent,
especially across study designs. In recent years, modern proteomic approaches have enabled the
investigation of further apolipoproteins involved in the deposition and clearance of beta-amyloid,
a determining factor for subsequent neurodegeneration.

Summary—Associations in cross-sectional studies are not always indicative of a prospective
relationship. Large studies find that plasma HDL-C and apoE are inversely associated with
dementia. Higher apoJ levels might be a marker of prevalent dementia, but were not associated
with risk of future dementia. The investigation of HDL-C and apolipoproteins in relation to
dementia represents an area of opportunity. Additional prospective studies that account for
potential confounding factors and that explore potential effect modifiers such as APOE genotype
and sex are needed to fully investigate the potential of these non-invasive measures in disease
prediction.
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INTRODUCTION

Dementia is a major cause of disability and institutionalization with a prevalence worldwide
that is estimated to increase from 46.8 million people to over 74.7 million by 2030 [1, 2, 3].
Current approved dementia drugs mask cognitive and psychological disease symptoms but
don’t cure most forms of dementia [4]. Besides need for additional treatment options, there
is an urgent need for the discovery of novel early disease markers of dementia as well as
markers to monitor dementia severity which might be useful as novel treatment targets.

Cholesterol has been suggested to play an important role in brain function. Indeed, of all
organs, the highest concentrations of cholesterol are found in the brain, containing 23 % of
the total cholesterol pool [5]. Apolipoproteins combine with cholesterol to form soluble
lipoproteins that serve as transporters in aqueous solutions, including both blood and
cerebrospinal fluid (CSF) circulating within the ventricles of the brain. Several
apolipoproteins including apoE, apoA-1, and apoJ [6, 7, 8] are found in CSF where they
combine with cholesterol to form lipoproteins that are relatively higher in protein
(concentrations), and thus have densities similar to plasma high-density lipoprotein
cholesterol (HDL-C) [9]. Apolipoproteins are involved in the deposition and clearance of
beta-amyloid, a determining factor for subsequent neurodegeneration [10, 11, 12]. In
addition, APOE E4 is the strongest known genetic risk factor for late onset Alzheimer’s
disease (AD) and recently variation in the gene encoding another apolipoprotein; apoJ (aka
clusterin), has been identified as an important risk locus in genome-wide association studies
of (AD) [13].

Plasma levels of HDL-C have been inversely associated with dementia [14]. As opposed to
studies using CSF, the investigation of blood markers is intriguing for the potential to
identify novel non-invasive biomarkers for dementia. Plasma levels of HDL are typically
indicated by either the cholesterol concentration in HDL or by measurement of plasma
apoA-I concentrations, the key protein component in HDL in plasma [9]. Interestingly, even
apolipoproteins such as apoA-I and apoC-111 that are not expressed in the brain, are also
found in CSF, indicating they are able to cross the blood brain barrier [7, 8, 15]. As yet, the
differences in concentrations of apolipoproteins in plasma and CSF have not been well
studied and it is unclear whether and how strong plasma and CSF levels correlate [6, 8, 16,
17]. Whether plasma-derived apolipoproteins might play a biological role in brain function
and neurological disease development or whether plasma levels merely reflect CSF levels is
currently unknown. However, regardless of the potential causal role of apolipoproteins,
plasma markers represent a promising opportunity to study non-invasive markers of
dementia. Therefore, the purpose of this review is to examine recent observational
epidemiological studies evaluating the relevance of HDL-C and apolipoproteins in CSF and
in the bloodstream in relation to dementia.

Identification of study reports

Data Sources

A systematic literature search of the MEDLINE database (accession date September 11,
2015) was performed to identify studies that investigated the association of HDL-C and
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apolipoproteins with dementia. The following search terms were used: (Dementia OR
dementing OR Alzheimer OR Alzheimers OR “Alzheimer’s”) AND (“high-density
lipoprotein” OR “high-density lipoproteins” OR HDL OR HDL-C OR apolipoprotein OR
apolipoproteins OR apoA OR apoC OR apoE OR apoE2 OR apoE3 OR apoE4 OR apoJ OR
apoD OR apoH OR clusterin). The search was limited to studies performed in adult humans
and published from August 2010 to July 2015 in the English language.

Study selection

Titles and abstracts of 1625 studies were screened for eligibility. Inclusion criteria were as
follows: observational epidemiological studies (cross-sectional or prospective) in humans
investigating levels of HDL-C, apoA-I1, apoA-Il, apoA-1V, apoD, apoE, apoH, apoJ/
clusterin, in un-pooled blood plasma, serum or cerebrospinal fluid (CSF) as single exposure
variables (not as a component of risk scores) in relation to all-cause dementia (including
AD, vascular dementia and other dementia forms). We excluded studies investigating only
pre-clinical AD or cognitive decline as the outcome variable and we excluded case-only
studies. Furthermore, we excluded studies with fewer than 10 participants per comparison
group. In addition, reference lists of included studies were screened for eligible articles and
we performed an additional hand search for updates of cohorts included.

Data extraction methods

The following information was extracted from included studies: first author, publication
year, name of the study, country, study characteristics, follow-up duration for prospective
studies, average (baseline) exposure concentration, outcome including number of cases and
diagnostic criteria, main findings, and adjustment for covariates in statistical models.

Search results

A flowchart of the study selection process is shown in Figure 1. Of the 1625 publications
retrieved via the MEDLINE search, 1476 publications were excluded based on screening the
title and abstract for relevance (most common reason for exclusion was that the assessed
exposures were not plasma measures of HDL-C or apolipoproteins). The full texts of the
remaining 40 publications were assessed for eligibility. A total of 28 studies were included
in the qualitative synthesis of which 12 had a prospective study design [14, 16, 18, 19**, 20,
21, 22, 23, 24, 25**, 26, 27] and 16 had a cross-sectional design [28, 29, 30, 31, 32, 33, 34,
35, 36, 37, 38, 39, 40, 41, 42, 43]. By hand search of reference lists and recent updates of
included studies one additional publication was identified [44].

New insights into the role of HDL-C and apolipoproteins in dementia

HDL-C

Recent prospective studies (Table 1) investigating the associations of HDL-C with incident
dementia have been inconsistent [14, 18, 20, 24, 25**]. In the Women’s Health and Aging
Study 11, where 99 women were followed-up for 9 years, HDL-C was neither related to
incident dementia nor probable or possible AD, after accounting for age, body mass index
(BMI) and blood glucose at baseline [24]. Similarly, baseline HDL-C levels did not differ
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between twin pairs in which one twin subsequently developed dementia whereas the second
twin did not develop dementia. [20].

In contrast, a recent report using data from 75,708 participants of the Copenhagen General
Population Study and the Copenhagen City Heart Study, showed that HDL-C levels were
significantly lower in participants progressing to dementia or AD [25**]. This observation is
further supported by evidence from a report including 1130 individuals randomly sampled
from Medicare recipients in the U.S. Individuals in the highest quartile of HDL-C
concentrations had a significantly lower risk of future probable or possible AD compared to
individuals in the lowest quartile [14]. This association was robust to adjustment for age,
sex, educational attainment, ethnic group, BMI, APOE genotype and several comorbidities
and lipid-lowering medication intake [14].

The association between HDL-C and incident dementia or AD during a 7-year follow-up
period was modified by sex in participants of the Three-City study, a multi-center study
conducted in France that enrolled 7053 community-dwelling elderly [18]. There was no
association between HDL-C and all-cause dementia or AD in the total sample, however,
when the study sample was restricted to individuals without stroke, angina pectoris,
myocardial infarction, arteritis, and cardiovascular surgery, participants in the lowest
quartile of HDL-C had an increased risk for all-cause dementia (HR: 1.49, 95% CI: 0.99—
2.23 compared to the quartiles 2 and 3) in men only. Further adjustment for baseline intima
media thickness assessed at the baseline examination strengthened the association (HR:
1.64, 95% ClI: 1.02-2.66). HDL-C levels were unrelated to AD in men and unrelated to
incident all-cause dementia or AD in women without vascular comorbidities [18].

Six cross-sectional studies were identified that addressed the association of HDL-C in
relation to dementia [28, 29, 30, 32, 33, 39], providing conflicting results (Table 2).
Comparing 150 participants with AD to 197 control individuals from the Texas Alzheimer’s
Disease Research and Care Consortium, Warren et al found lower HDL-C levels in
participants with AD [39]. A recent study noted a significant lower HDL-C concentration in
participants with late onset AD compared to participants without AD, but not early onset AD
[29]. Another recent study of relatively small sample size focused on comparing HDL-C
concentrations in 1) participants with AD with cardiovascular comorbidities and risk factors,
I1) participants with AD without cardiovascular comorbidities and risk factors, and I11)
control subjects. Importantly, only participants with AD and cardiovascular comorbidities
and risk factors had lover HDL-C levels in comparison to controls but not participants with
AD without cardiovascular comorbidities and risk factors [30]. Another study of relatively
small sample size including 29 participants with AD and 19 control subjects found no
difference in HDL-C levels [28]. Similarly, investigations in subsamples of the Personalized
Medicine Research Project sample including 455 participants [32] and the Australian
Imaging, Biomarkers and Lifestyle (AIBL) study including 564 participants [33] revealed no
difference in HDL-C concentrations comparing participants with AD to controls [32, 33].

In summary, recent prospective studies of moderate to large sample size provide evidence
for an inverse association between HDL-C level and risk of all-cause dementia and AD that
is robust to multivariable adjustment. However, future studies that carefully investigate the
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effect of comorbidities and potential effect modifiers like sex on this association are
warranted.

Apolipoprotein A-I
ApoA-I is the major protein component of HDL-C in plasma [9]. Only one prospective
study was identified relating apoA-I concentrations to AD [20]. The Study of Dementia in
Swedish Twins compared the concentration of apoA-I in 23 discordant twin pairs (one twin
developed dementia over 3 years, the other does not) and found no difference in apoA-I
concentrations [20]. Cross-sectional investigations from the Alzheimer’s Disease
Neuroimaging Initiative (ADNI) study [45] and another small case-control study from
Austria found 1.06 and 1.7 times higher plasma apoA-I concentrations, respectively, in
individuals with AD compared with controls [23, 36]. In an age- and sex-matched case-
control study, higher apoA-1 levels have been associated with prevalent AD [40].

Apolipoprotein E
The recognition of the APOE genotype as a major AD susceptibility variant has led to
efforts to study apoE — the main protein in HDL-C in CSF — in relation to dementia. In a
prospective analysis of the ADNI study, in participants with mild cognitive impairment
(MCI), higher CSF apoE levels were associated with a lower risk of conversion to AD [16].
Recently, the large Copenhagen General Population Study and the Copenhagen City Heart
Study confirmed an inverse association between plasma apoE and dementia [25**].
Furthermore, the latter study also addressed the question of whether apoE level is associated
with dementia and AD independent of apoE genotype. While apoE4 carriers have the lowest
apoE levels, the risk for AD associated with apoE4 genotype is not solely explained by the
apoE plasma level as the magnitude or risk associated with the genotype is far greater than
predicted as per the associated difference in apoE plasma level among carriers vs noncarriers
of the E4 variant [25**]. Interestingly, in the latter study, apoE levels increased with
increasing age and age is a strong predictor for dementia and AD. However, in parallel,
apoE4 carriers tend to have the lowest apoE levels but the highest risk of dementia. Cross-
sectional studies on apoE mainly indicated lower apoE levels in participants with dementia
compared with controls, but the majority of studies did not adjust for potential confounding
factors [21, 22, 33, 38, 44]. Although CSF apoE levels were correlated with plasma apoE
levels (r = 0.23, p = 0.004) in the ADNI cohort [16], CSF apoE levels did not differ between
participants with AD and controls in univariate analysis. However, lower CSF apoE levels
were observed in participants with AD compared with controls when accounting for t-tau
levels, age, gender, and APOE genotype [16]. In conclusion, emerging evidence suggests
that lower apoE levels are associated with dementia prevalence and incidence [25**].

Apolipoprotein J
As one of the most prominent transport proteins in the brain and also one of the top genetic
markers recently related to AD [13], apoJ is of particular interest for dementia etiology [46,
47]. Investigators of the ADNI cohort reported that plasma apoJ levels did not differ
between individuals with MCI progressing to AD and individuals with MCI not progressing
to AD [19**]. Although apoJ levels were significantly positively related to prevalent AD or
all-cause dementia at baseline, apoJ levels did not predict incident all-cause dementia during
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7 years of follow-up in the well-characterized population-based Rotterdam study [26]. The
latter results highlight the importance of prospective studies in the evaluation of
apolipoproteins in the pathophysiology of dementia. Smaller, cross-sectional case-control
studies revealed inconclusive results regarding the association of apoJ with AD [41, 42, 43].
Given the recent identification of CLU/APQJ genetic variants as strong markers in GWAS
[13], we expect that additional investigations on this marker are to come.

Other apolipoproteins

Evaluating 146 plasma biomarkers assessed in baseline blood plasma samples of the ADNI
study participants, significantly lower apoA-Il, apoC-I1Il, apoA-1V, and apoH concentrations
were observed in participants with AD compared to controls, whereas no difference was
observed for apoC-I and apoD [23]. In the same cohort, lower plasma apoD and apoA-I1|
concentrations were observed in individuals with MCI progressing to AD compared to
controls in univariate analysis [22].

Diagnostic criteria of dementia

The comparison of study results is challenging because diagnostic criteria for dementia and
AD vary and criteria might be susceptible to subjectivity and misclassification [48]. E.g.
ischemic vascular disease and dementia are tightly linked, especially at old age, and most
dementia at old age includes both mixed vascular and AD pathology [49]. Thus, the
distinction between vascular dementia and non-vascular dementia has been questioned and
HDL-C and apolipoproteins should be regarded among the important vascular contributions
to cognitive impairment and dementia [49]. A recent guideline highlights the importance of
reporting study results in the context of varying standards for diagnosing dementia:
Standards of Reporting of Neurological Disorders (STROND) [48].

Sources of data on the role of plasma markers in relation to dementia originate from mainly
two complementary study types. First, register-based epidemiological studies rely
exclusively on phenotype information from register data, where only cases that present to
the medical system are included [25**]. Where available, registers represent a compelling
data source for epidemiological studies when caution with regard to validity of the data
including change of data quality over time and completeness of data is appropriately noted
[50]. It is unclear if the cases included in the large Copenhagen General Population Study
and the Copenhagen City Heart Study are representative of the study base [25**, 51].
However, register-based studies can include participants at younger ages and allow for
follow up over many years [50]. In contrast, studies based on data collected by researchers
that closely follow participants with repeated screening tests and examinations by
neuropsychologists are often limited to collection of blood samples from participants at a
higher mean age when their disease incidence is highest [18, 26]. The high costs of many
years of detailed cognitive tests and adjudication of neurological diseases into late life
simply prohibits the longer follow-up duration required for studying younger age groups.
Therefore, smaller studies with costly repeated assessments of the outcome mainly include
study participants at an advanced age at baseline in order to ensure sufficient number of
cases in relatively short follow up. However, it is possible that weight loss and other
characteristics associated with cognitive decline [52] could lead to changes in cholesterol
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levels, including HDL-C levels [53]. This phenomenon could cause reverse causation and as
such it is possible that these investigations underestimate the true association of HDL-C at a
more vulnerable time in life. However, as with neurological disease, the pathological
process of atherosclerotic plaque deposition starts many years earlier (i.e., in the third
decade of life) and investigation of cholesterol measures in even older individuals (age 65
and above) also confirm an inverse association between HDL-C and CHD [54]. As yet, only
few studies focusing on the lifespan course of dementia have been initiated [55, 56]. To the
best of our knowledge, no large-scale studies exists with blood samples stored since early
adulthood from participants followed with many years of detailed cognitive tests and
adjudication of neurological diseases into late life. Nevertheless, smaller studies with
researcher-collected data are feasible, cost-effective, and can provide insights that could
potentially be further expanded in populations of younger adults in the future.

In summary, it is important to recognize the considerable heterogeneity across phenotypes
presented in the different studies. Furthermore, the well-adjudicated, smaller studies and the
larger register-based studies likely complement each other.

CONCLUSION

Studies identified were mostly cross-sectional, of small to moderate sample size and mainly
unadjusted for potential confounding factors. Larger studies indicate that plasma levels of
HDL-C and apoE are inversely associated with dementia risk, which was robust to

multivariable adjustment. Higher apoJ might be a marker of prevalent dementia, but was not

associated with future dementia. Studies on measures of CSF apolipoproteins are limited,
but couldn’t confirm associations observed for apoE. The investigation of HDL-C and
apolipoproteins in relation to dementia represents an area of opportunity and prospective
studies are needed investigating changes of these markers in relation to incident dementia.
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KEY POINTS
« Dementia is a major cause of disability and institutionalization

»  Larger studies indicate that plasma levels of HDL-C and apoE are inversely
associated with dementia risk, which was robust to multivariable adjustment.
Higher apoJ might be a marker of prevalent dementia, but was not associated
with future dementia. Studies on measures of CSF apolipoproteins are limited,
but couldn’t confirm associations observed for apoE

«  Prospective large scale epidemiological studies are needed investigating the
change of HDL-C and apolipoproteins in relation to risk of dementia and AD
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Records identified through MEDLINE
searching
(n=1625)

A 4

Records screened

(n=1625)

\4

Full-text articles assessed
for eligibility

A 4

Records excluded not
meeting criteria for:
Species (n=9)

Study design (n = 56)
Exposure (n = 1397)

Outcome (n =118)

(n=45)

A 4

Studies included in
qualitative synthesis
(n=28)

Figure 1.
Flow chart of the study selection process.

A\ 4

Full-text articles excluded,
not meeting criteria for:

Species (n =0)
Study design (n =10)

Exposure (n =5)

Curr Opin Lipidol. Author manuscript; available in PMC 2017 February 01.




Page 13

Koch and Jensen

‘sa|dwies poojq Bunise)-uoN
‘(snonunuog) auljaseq 1e
as09n|6 pooiq ‘(;w/Bx) 1N g *(K) 8bv

"elusWap 10}
S10}9B} XS [el[iwey pateys Ajjenusiod
g sonauab 10y uawnsnipe uorduwy

"3UON

"eljuswap
Yam pasoubelp ag 01 / pue ‘g Jeak
wexa Je dn moys 03 pey siuedidiyed
(TO) O-1aH 1s8moj ui usw HBuowre

(99'2-20°'T) ¥9'T Sem eruBLISP asned
-|Ie 10} YH 8y} ‘sa1bojoyred Jejnasen
INOYIIM UBW 0} PaldLIIsal Uy
‘(edArouab

pue uoissaidap ‘sajaqelp ‘uoisuspadAy
Buipnjout Joye [€6°T-26'0] 9€'T

sem TO Ul YH) Sa1eleA0d [euonippe
10} Juswisnipe yum parenusie
Apybuys a1om synsay (A 1< 12T '6 '5)
uoIeaNnpa Jo sieak ‘(1a1jjadiuoy ‘uolig
‘Xneaplog) Ja1uad ‘(3 ‘w) xas ‘(A) aby

(g9

=G'0) 9'T ‘€1 sem g1 40} (1D %S6)
dH ays ‘sasea Qv ajqissod pue
a|qeqoud 03 pajoLlsal sisAjeue uj
"€1 404 (8'T—€°0) L°0 :SeM S3|11I3}
awanxa buredwod (1D %S6)

HH "BIUBWASP UM pajeldosse
Apueaiyubis Jou O-1aH

"SUIM] JUSWIBP-UOU
03 eluawap Buidojanap suimy
a3 Burredwod (900°'0=d) ones
Tvode 0 gode pue (2900 0=d)
uoneuaduod gode JaybiH
‘suim Burredwoo

uonenuaduod (go=d) Twode Io
‘(e'0=d) O-1QH u1 3oUBIBYIP ON

‘av o1 I

woJy Buissaiboud jou sjenpialpul
01 patedwod @y 01 |DIN Wouy
Buissaiboud spenpiaipur ui (9:0=d)
UOIRIUAdUO0D rode Ul 3dUaIBYIp
ouing (200°0 = d) uonenuaduod
Jode auljaseq Jamo]

‘dV J0 elnusLWap asnes
-[1e yum pajeroosse Ajuediyiubis
lou sem D-1AH 1ey) paloday
*UMOUS S)|NS8J OU :UBLLOAN
(6€'T-29°0) 26°0 ‘7O

aoualayal :£0+20

(#0'2-€0'T) S¥'T 1O

:UBW [[e Ul BRUSWSP asned

-11e 10} (1D %S6) ¥H "O-1aH
1SBMO| YlIM usw ul elpuswisp

10 ysu Jaybiy Joy Aouspus) v

"Y@Yav-SAONIN (8T
=U) @V 9|q1ssod pue 3|qeqoid
‘AIFINSQ (2T = u) enuawag

JusWIsp-uou
SUIBLUB] UIM] 1310 8U) Sealaym
UIM] 3UO Ul (7 = U enuawap
paig1oadsun ‘g = u enuawap
asned AJepuooss ‘g = U Jejnasea
pue QV PexIW 'y = U :dA

‘8T = U 1Y) enuswWap 1uapiauj

vadav
-SADNIN :(T9T = u) av

vadav

-SAONIN :QYV ‘eusld
pasinal AI-INSQ 01 Buipioade
dan1wiwo9 sisibojolnau

10 SNSUasU0I ‘a|qe|lene

41 13d 4o [4IN ‘sisiBojoinau
pue sisibojoyoAsd pauresy

Aq uonreuiwexa [ea160joInau
pue [eaibojoydAsdoinaN
(262 = U :uswom ‘y8T

= U :UsW) BIUSWAP 8SNed [

‘paniodal

10U |3A9)] aullaseg

§o)

-71@H wnJas BunseyuoN

‘paniodal

10U S[2A3)] BUljaseg
‘uoneiuaou0d gode pue
‘I-vode ‘O-1QH wniss

(L00)

8v'z :av 01 Buissaiboid
10U S[enpIAIpU|

(L0'0) 6¥'2 :aV 0}
Buissaiboud spenpiaipul
:(TTwyBri 0ThHoy)

rode ewsed (Qs) uesin
(81°0)

T.°T :av 01 Buissaiboid
10U S[enpIAIpU|

(87°0) 99'T :aV 0}
Buissaiboud sfenpiaipul
:(qw/6ri 0TBo)) Jode
ewseld (Qs) uesin

‘paniodal

10U SanjeA a14end
'€/'T ueaw

oL18Woah

|[eJ3A0 [UBWOAAN
€972 %0

€9'T>-6T°0 :€0+20
6TT>:10

v'T -uesaw

21118W 036 [[e4aN0 US|
:(1/1oww)

O-T1aH wnJas Bunse

G66T—766T :duljaseg 'sieak ¢ dn
-Mo|104 ‘(A 72 abe ueaw) auljaseq
12 RIIUBLIBP JO 931} UBWIOM 66 = U

/86T :duljaseq "sieaA g :dn-mojjo4
‘(sared 7 = u ajew ‘A T/ obe

ueaw) Ansifay UM USIpams ul
pajjoJua sited UM} Xas-aWes Qg = U

'8002—500¢ -auljeseg

‘syjuow 9¢

:dn mojj04 (%19 ajew ‘A g/ abe
ueaw) 1D ynm s108lgns g6z = U

'T00Z—666T -auljeseg

'AJ :dn-mojjo4

"(%6€ a[ew ‘sieak

7, abe ueaw) suosiad Buljjamp
-Aunwwod Jo Apnis 1oyod

as-nnA “siuedionued €602 = u

[vel vsn ‘1i
Apnis Buiby pue
YeaH S, USWOAA

‘TTOZ MIBIN

[oz]

uspams (VSLvS)
SUIM YSIPBMS

ul enuswsag jo
Apms ‘0T0Z Z1eD

._” _”Jn\f@._””_

epeue) pUB VSN
‘(INQW) anneniu
BuibewioinaN
aseasiq

S Jawlsyz|y
‘GT0Z enojoisody

[81] soueu ‘Apnis
(0€) Ano-saiyL
‘€T0C uldduY

sajou ‘spuslsnipy

sBuipuyy urey

©1481149 on1soubelp
‘(sased 4o ‘ou) awonnQO

uoI1eJIUsIU0I
(suryeseq)
abeuane ‘aansodx3

sonstisloRIeyd ApNIS

A1unod ‘Apnis
ay1 Jo aweu ‘Jeak
‘Joyine 1s114

Author Manuscript

enuawap Yyum suialoidodijode pue 7aH Jo uoneldosse ayl Bunebinsaaul saipnis aAndadsold Jo sonsiigoeIey)

T alqel

Author Manuscript

Author Manuscript

Author Manuscript

Curr Opin Lipidol. Author manuscript; available in PMC 2017 February 01.



Page 14

Koch and Jensen

BB ‘L 9nuInd O ‘UOIEBIN0SSY S19pJosIQ Pate|aY pue asessiq S, JBWIBYZ|Y-930S PUB SI8PJ0SIQ SAIIBIIUNWILIOD PUe [ed1B60j0INaN 40 3Iniisu| [euoneN ‘'vYadav-SAININ
‘Juswredwil SAIUBOI PIIA ‘IDIA ‘011eY pJezeH ‘HYH ‘UOISIASI 1X3) ‘UOIIPS PAIY} ‘SI9PJOSIA [BIUSIAl JO [enUelAl [edlIsieIS pue onsoubelq ‘dilI-INSA ‘Xapul ssew Apog ‘|INg ‘asessIp s Jawisyz|y ‘av

"31qe} au3 ul papnjoul jou are paynuapt [2z] Apns wepiapoy pue [8€ ‘€z ‘2z ‘T¢ ‘9Tl Apmis INAV du} wiouy sHodal _m:o:_uv<._”

'av 10 Aianes

Jarealb se |jam se (#00°0= sa|1enb
Jano puaiy d) v Buiaey o sppo
JarealB yum parerdosse Apuediyiubis
sem rode ewse|d Jaybiy ‘pajuswap-uou
3} 01 auljaseq 18 Ay Yum suedionied
09 Burtedwoo sisAjeue [euondass

-s5049 & U] "(ou ‘saA) uoisuanadAy ‘(ou
‘saA) aseasip Leay Aseuo.od ‘(Buows
Apuaiing jou Bupjows Ajpuaiing)
Burjows ‘(ou ‘sak) salagelp ‘(¥

¥ i-1p78) adAiousb 30dV ‘(uoneonps
Arewnid ueyy asow ‘uoneonps Arewrid)
19A8] uoieanpa ‘(4 ‘wy) xas ‘(A) aby

‘(ou

:s8A) uswiean Buiamol prdif ‘(;w/Bx)
1NG ‘(ou:sak) aseasip Leay ‘(ouisak)
uoisuapadAy ‘(outsak) snijjaw
sajaqelp ‘(y9/ye ‘-/ye) adAioush
JOdV ‘(o1uedsiH ‘o1uedsiH-uouoe|g
‘o1uedsiH-uou/anyan) dnoub aluyie
‘(A) uoneanpa ‘(J ‘w) xas ‘(A) aby

'sjuiodpus Jo uonepifen

10 uoneailian oN adAousbh 304V Aq
PaILIPOLL 10U 319M S}NS8Y “1aPUNOLU0D
Buons e sem adAjousb 304V

(9

/@ '-y8) adAiousb 30dV ‘(T1/1o0ww)
D-T1aH pue ‘(1/j0ww) sapLadA|bLy
‘(7/10wiw) jois3s3j0y2 uislosdodi|
Aisuap-moj ‘(7/joww) [0481S310YD [€10}
‘(Ag= ‘8>) uoneanpa ‘(ou ‘sak) Adelayy
Buriamol-pidi ‘Adesayy Juswaoe|dal
Jeuowoy ‘(ou sak) snyeis asnedousw
‘(ou ‘sak) Aanoeur feaisAyd ‘(ou

‘sak) uondwnsuod joyoaje ‘(ou ‘sak)
Burjows ‘(ou ‘sak) sniijjaw sayaqelp
‘(ou :sak) uoisuanadAy *(;w/6)

Xapul ssew Apog ‘(4 ‘w) xas ‘(A) aby

‘BlIUBWIBP
asneo-|[e 104 (21°T-28°0) 96°0

pue av Jo} (Z1°T-68°0) 00'T :rode
Jaybiy as 1 Jad (10 %S6) H
:aul|aseq

1e rode ul asealoul s T Jed
sanfeA |1 AV 1uapIoul pue rode
ewse|d UsaMIBQ UOITRIDOSSE ON

'90°0=P""%d ‘(6°0-2°0) ¥'0 :¥O
(6'1-50) 60 :€0

(9'T-7'0) 80 :20

ERIEIETET R (o)

:av alqeqoud 104 (1D %56) YH
0T'0=P*"*%d (6'0~2'0) ¥'0 :¥O
(6T-90) TT:€D

(ST-v0) 80:20

8oualaal :TO

:aV 9|qissod pue ajqeqoud

104 (10 %G6) HH pawsnipy
'S[8A8] O-1aH 1s3ubiy yum
asoy) Buowe Qv JO XSi 1SaMo]

"30uaJlayal (Jode 1saybiy) €1
(9,7-86'0) TE'T ‘2L

(80Z-€T'T) €T TL

:av 104 (10 %G6) dH

8ouaJayal :(3ode 1saybiy) €1
(0€'T-T6°0) 60T ‘2L

(r1-10T) 22T TL

:$9]1149) Jode Buredwod enuawap
112 104 (1D %G6) UH parsnipy
'sjana| Jode 1saybiy yum asoyy
Buowre punoy sem enuawap Jo
s11samo) 8y L (1000 >d) sased
-uou 8y} 03 pasedwod ‘enuawap
padojanap oym syuedionted

Ul UOI_IIUOU0D D-TT H JomoT]

"elIRILD YAHAV-SADNIN
Buisn sieak y—g A1ana swexa
Apnis e sisiBojoyaAsdoinau
‘sysibojolnau

10 |aued e Aq pasoubeip

pue abexui| 411631 :dn-mojjoy
Burnp av 8oz = u Buipnjou
'/€2 = U) BRUBWSP JUsPIdU|

'YAddav-SAODNIN

‘(86 = U) @V algedoid (TOT
=U) gV 9|qissod pue a|qeqoid
'SPJ023J [e2Ipal pue Syluow 8T
AK1ana syuswissasse dn-mojjo4

(av

03 YoIYyM JO EpF) BUBISP O}
passaifiosd 090‘T = U "UOISINABI
(0T PUR UOISIARY 8 ‘asessiq
10 UOITRDIJISSE|D [RUOITRUIBIU|
uoneziueblQ yieaH plHop
uo paseq ‘Ajuo ejep Jaisibay

(s2) 511

RENUENTED]

10} ¥S1J Je Loyoagns
:(TwyBr) code ewseld
(as) ueaw Bunseq

00'96< 7O
00'95-T0'9% :€0
00'9%-T0°8€ ‘20

00'8e5 10

:sa1enb O

-7QH ut sbues (p/Bw)
O-1aH ewseld Bunse4

8GEL

Ty cL

TETL

:S9|1L18) paljnens

xas pue abe ul (Tp/Bw)
Jode ewsed ueipa\
(200°0)

9'T ‘elusWap oN
(e00) LT:aQV

(20°0) 2'T ‘enuswap |1V
:(noww) o-1aH
ewse|d (gs) ues\

'K/ :dn-mojjo} ues|N

"666T—L66T :auljaseq ‘dn-mojjo}
Buunp [(Qv 95T = u) enuswop
padojansp 8/T = u] 10Yyo2 Jua.ted
40 s3sB0 [RUOHIPPE pUe [(AV 26 =
u) enuawsap padojansp 19 = U] 9z6
=U 1Joyoagns wopuey ‘siuedionted
pajuswWap-uou Buowe 110yo2-3se)

‘A ¥ :dn-mojjo4

“(%ve arew ‘A

9/ 8fe uesw) TO0Z-666T :aullaseq
1e Juawuredw aARIUBOI JO 9814
sjuaidioal asealpay woly pajdures
sfenpiaiput A1apja 0€TT = u

'$9sed a1niny 1oy (afew %0v)
SIeak £/ pue (3[ew 94Giy) Sieak
/G Sem sased-uou Jo abe ueaw g
‘auljaseq Je abe ueaW |[eIan0 ON

‘(s1eak 7 Jo ueaw) TT0Z :dn-mojjo4

'€00¢-T00C

10 #66T—T66T Ul Butjdures poojq
W=SHJD ‘£002=SdDJ :aul|aseq
‘uabeyuado) ui sa1pnIs pauIquIod
om] wouy siuedionued 8o/ = u

lozl
SpueIaylaN a8y}
‘Apnis wepJsnoy
‘7102 S19nllyos

[v1]

VSN ‘(SYINON)
Apnmis ueneyuen
UJBylIoN

‘0T0Z 29y

[««5e]

rewusq ‘(SHOD)
Apms 1esH

Ao uabeyuado)
pue (Sd99)
Apms uonejndod
ITENED)
uabeyuado)
‘GT0Z Usssnwisey

saj0u ‘susunsnipy

sBuipuy urey

e1481149 d13soubelp
‘(sased Jo "ou) awonnQO

uo11e.I1UsoU09
(sunjaseq)
abeuane ‘aansodx3

sonsLIgloRIeYd APNIS

A1unoo ‘Apnis
ay) JO awreu ‘aeak
‘Joyine 15414

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

; available in PMC 2017 February 01.

Curr Opin Lipidol. Author manuscript



Page 15

Koch and Jensen

‘(8o -/79)
adAjouab
30dV

‘(A) aby

"3UON

"3UON

"UON

"paiy1oads jou
uonnquisip
Japus9
‘payorew

Xas pue

abe sjou0)

"3UON

Burredwoo (9:0=d)
UOIRIUSOU0D O
-1QH U1 8ouaiaIp ON

'S|043U0D
01 @V yum sjuedioned
Burredwos (8o 0=d)
UOIRIIUAIU0D O

-1dH ul 8duaJsyip ON

's109lgns

101102 01 (50°0<d)
paJedwod s103oe}

>SU pue Sa1IpIgIoWod
1e|NISEAOIPIED INOYUM
@V 10U INg SI0}IB}
>SI pue Sa1IpIgIoWwod
1e|NISEAOIPIRD Y)M
av yum syuedionted ui
(50°0>d) uoneusdU0d
2-1aH Jemo]

*dnoJb 101U09 By} yum
pasedwod (g0 0>d)
dnoib Qv 19suo Ajiea
ay u1jou Ing ‘dnosb
Ay 185U0 a1 8y Ul
(10°0>d) UONEAUSIUOI
O-71dH 1Mo

'(8'0=d) dnoib

1043U09 8y 01 patedwod
dnoib Qv ay;

Ul uoneudu09 Jode
u1 8ouaJlayip oN "dnoib
104309 8y 0} pasedwod
dnotB @y au ut (900°0
= d) uonenuaosuod
|-wode JaybiH

‘dnouf j013u02

ay} 01 pasedwod dnoib
av aus ut (50°0<d)
UO11eIIU3dU09 D

-1QH Ul 8duaiaflip ON

'V4AVv-SADNIN :av

'VHAV-SADNIN :aV 18suo 8jeT]

'YAdav-SAdNIN :av

'YAyav-SAdNIN
:@V 19su0 are| pue e

‘0T-a)l 01 Buipioase sueldisAyd
Jeaibojoinau Ag uoneuiwex3 :qv

1s1delayy
leuoirednado pue ‘IsibojoyoAsdoinau
“s160j04nau 1sBuowe snsussuo) :ay

(220) 29°T sjonu0D

(02°0) 89°T :QV

:(/j0ww)

O-1aH ewseld (gs) uesw bBunsed

(0°2T) 629 ‘sjonu0D
(8'91) §'6G :QV
:(p/Bw) O-1aH (as) uesiy

(pauy10ads 1ou
UoIRIIUB2U02) D-T1AH ewse|d Bunse

(9°27) 99 'sjonu0d

(2'9T) ¥'6G :QV 135U ajeT]

(6'2T) 9°09 :QV 185U0 A}
:(Ap/Bw) O-1aH wnuss (QS) uean

(L£°0T) 69°9€ :sjonu0D

(prL1) €L2€ :QV

:(7/6w) Jode winias ueay
'(02°0) £6°0 :s108U0D

(Tzo) 90T :av

:(71/6) 1-wode wnuss (Qs) ues

02 :s]01uU0)
8T :av

(7/10ww) D-1@H wnJas uesw Bunseo

‘paniodal Jou :1eak Apnis

‘(A 0/ 8be ueaw :, s1aurejdwod Alowaw

-uou,, jewlou A|aAnIubod) $j0U0d G9E = U ‘palsl|
10U X3s ‘sieak g/ abe uraw) QV YIM 66T = U

‘panodal Jou :eak ApniS "(%Ey afew ‘sieak
18 bk ueaw ‘zog = U S|0J1U0J 940 djew ‘Sieak
g/ abe ueaw ‘€GT = u Qv) suedidied GGy = u

‘paniodal Jou

1eak ApniS “(96E€ arew ‘A €/ abe ueaw) si0oe)
SII pue S31IIPICIOWO0I Je|NIseA INOYIIM pue
Juswlredwi sAnIUBO9 Jo 99UBPIAS INOYIM S193[gNS
1013U02 €€ = U ‘(%1 aew ‘A 6/ abe ueaw)

10108} XSIJ pUR S81IPICIOWOI Je|NISeAOIp.Ied

Uim v ynm sjuediorued 9T = U '(%L€

alew ‘A 18 abe uesw) g yum syuedionted Jz = u

‘panodal Jou :1eak Apnis *(%%8z ajew ‘uawi

ut g/ ‘uswom ui T/ abe ueaw) uone|ndod [elsush
3y} WoJy panival s193fgns [01U02 08 = U ‘(%82
8lew) Qv 19su0 are| ynm siuaned /8T = U ‘(%SE
ajew) v 18suo Apea yum syuedionted g9 = u

‘paniodal Jou
reak Apnis (A og abe ueaw) s1oalgns j01U09 Z9
= U ‘(A 0g abe ueaw) @v yum syuedioned v = u

‘pauiodal Jou 1ueak ApmS “(%ES ajew
‘A 69 abe ueaw) s398lqns [01U0D BT = U ‘(%¥E
alew ‘A 29 abe uesw) Qv Yyim syuaned gz = u

[e€] erfensny
‘Uoyod g1V
‘TT0zZ ®dno

[eel wsn
‘1oyo9 198l04d
yoJeasay
SUIdIpsN
pazifeuosiad
3yl ‘1702
snoluelgayo

[og] Auewan
‘¥T0C sela

[62] puejod
‘2102 Msdezd

lov] euyd

‘v10Z Bueyd

[82] etfensny
‘¥T0Z pawyy

sjuswsnipy

sbuipuiy urey

el1181110 onsoubelp :awoano

uoneUsoU0d abelane ‘aunsodxg

‘sas1aa1oeaeyd ‘uoneindod Apmis

A1unod
‘Apns ay3

J0 aweu ‘Jeak
‘Joyine 15414

Author Manuscript

enuawap yum suiajoidodijode pue 7aH Jo uonelidosse ayy Buiebinsaaul Sa1pns [RUOIII8S-SS0II JO SINSIIg1RIRYD

Author Manuscript

¢ olgel

Author Manuscript

Author Manuscript

Curr Opin Lipidol. Author manuscript; available in PMC 2017 February 01.



Page 16

Koch and Jensen

'$]03U09 0} paseduiod

pue yoseasay

av yum sjuedionted aseasiq
ut (0zo"0=d) (TT2) 9°02 :sj0u0D ‘pauiodal Jou Jeak Apms s Jawiayz|y
UO1RIU3IU0I (8€1) L9 :aV (% 69 ajew ‘A 0/ abe) sjou0d /6T = U ‘(%0E sexa]
"'SUON O-71dH 13m0 VYAddv-SAODNIN @V alqeqold :(Ip/Bw) O-1aH (as) uesiy 8lew ‘A 0g 8be) @v yum siuedionued oGT = U ‘€T0¢ Uallepy
'S|043U09 0} QY YuUm
syuedionued Buredwod (6°€) £'€€ :s]1013U0D
SUOITRAUAIUOD (8'v) €€ :av paiodal Jou Jeak Apnis *(969€ ajew
(50°0<d) vavyiav (qQw ‘A 7/ abe ueaw) s|0J3U0d T/T = U pue (%62 aew [ev] uspams
"3UON rode uf aduaiayip oN -SADNIN pue HIII-NSa :ay  /6r) code ewseyd (Qs) uesw Bunsej-uoN ‘A G/ obe ueaw) Qv ynm siuedioned 2gT =u - ‘gT0Z 91ZPlRIIS
[1¥] Auewiss
‘(e@00aby)
swuaired
aled Arewnd
'S|043U09 0} QY Yum ‘syuedioned ul enuawap
syuedionued Buredwod PaMaIAIBIUI-UOU 10} 8]B3S BlIUBWagd pue uonubod
(20 = d) uonenuaouod passe|g pue 8|edas uoljelolsiaq (9°2%) §'T9T :sj043u0D Buiby uo Apms
rode ewseyd [ed0|9 ‘A¥AV-SADONIN (e's¥) 6°8ST :aQV ‘paniodai Jou Jeak Apmis (2608 uewao ‘1102
"3UON Ul 90UaJalIp ON  pue (INVAIS) 0T-adl ‘Al-INSA :aV :(wybrl) code ewseld (Qs) uesiN  :ajew ‘A g8 abe ueaw) Qv yum syuedionted J9 =u uuBWINYdIS
'$|04JU09 0] AV YHM
sjuedionued Burredwos
SUOITRJIUBIU0D ‘paniodal
(8'0 = d) 3ode 10U :1eak ApniS *(949€ :aew ‘A g, abe ueipaw) [2€] uapams
ewseld pue (g0 =d) vadavy (pawuiodal Jou av noynm sjuedidred € = u pue (9. :ajew ‘¥T0Z O|[1ION
"3UON 4SD Ul 80UaJalIp ON -SADNIN pue Hi11-ANSa :av suoieIUadU09) Jode 4S9 pue ewse|d ‘A T9 abe uelpaw) @y yum syuedionied gy = u -ZaujLeN
'S]041U09 0} pasedwod
av yum suedioned
ut (100°0>d) (2T) €0T :s]013Uu0D ‘pauiodai Jou Jeak Apms [og]
UONEAU3U0D (87) 9.1 :aVv (%26 8jew ‘A T 8Be) s|0u00 €7 = U pue (%9 eLISNY ‘yT0Z
"9UON |-wode JaybiH 'Yayav-SADNIN :av 3|geqoid :(wyBrl) |-wode (QS) uesw ‘ewseld  aew ‘A T8 abe uesw) @y yum syuedioned €€ = u JENEISTEN
'S]0J1U0d 0} AV YHM
syuedionued Buredwod
(50°0<d) uonenusouod (9°'7) 0°9 :sj0nU0D [sel
Jode uf 30uUaJayIp (1) 25:av  (%ee dfew ‘A 0/ abe uesw) s|0Au00 OE = U ‘(% €€ puejod ‘€102
"3UON uedlIubls oN ‘AIFINSQ 'Y@¥Aav-SAONIN :av :(Tp/Bw) Fode (Qs) uesw wnies  afew ‘A o/ 8be uesw) AV yum siuedionied GG = u eysmoxfo]
'(500°0<d) sjosuo2 ‘(v66T ‘paniodal Jou :1eak Apmis (90, :dfew ‘A T9
anfen 0} d¥N 10 Qv yum ‘U017RI0SSY JLIIBIYOAS] UBdLIBWY (Tz'z) gz'ez :sjonuo)  abe ueaw) sjenplAIpul [043U0D paydlew-abe gy = u
-d payoauiod  sjuedionued Buredwod ‘UOINPa p) S19pI0SIQ [eIUBIN (67°€) 0T'2Z :AVN pue ‘95T6 :9jew ‘A 26 abe ueaw ‘QyN) Ssenuawap
1uolisjuog UOIRJIUBOUOD  JO [enue [e21ISIelS pue ansoubelq (se'2) 9¢'z2 :av Jawiayz|y-uou yum siuedionded €9 = U ‘(%65 [vE] BIpUl ‘€T0Z
'8UON  Jode Ul 82uBJaYIp ON ‘avN YaQdav-SAoNIN :av :(wy/Brl) Jode 40 (@s) uesaN  :ejew ‘A zg 8be uesw) Qv yum siuedionied yi =u e|[ewipuey
'S|043U09 0 patedwod
av yum sjuedionted
ut (#0°0>d)
UOITRJIUBIU0D
Jode JomoT (99'2) €¥°GT sjonuod
*$10J1U0D (€92) ezvT :av
01 @V yum syuedioned (1p/Bw) gode ewseld (gs) ueaw Bunse
A1unos
‘Apnas ayy
0 awreu ‘aesh
syuswnsnipy sBuipuiy ureiy B1481149 213soubelp :8woaNQ uolIeIIUsIU0I abelane ‘aansodxg ‘sonsiaaloeaeyd ‘uonendod Apms ‘Joyine 15414

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Curr Opin Lipidol. Author manuscript; available in PMC 2017 February 01.



Page 17

Koch and Jensen

[euoneN ‘Yayav-SADNIN ‘uswiredw] aAIUBOD PIIA ‘|DIN UOISIASI 1X3) ‘UORIPS PAIY) ‘SIPIOSI [BIUBIAl JO [enURlAl [ednsieIS pue dnsoubeld “H111-INSd ‘sessIp S, JaWIsyz|y ‘Qy :suoneinsIqay

“UOITRIN0SSY SIBPIOSI Pale|ay PUe 8seasi S, JaWIBYZ|\-80.1S pue SIapIosid SAIRdIUNWWOD pue [ed1fojoinaN Jo 8s1nsu|

"wvode 0} sJaal Lm%aﬁ

"3UON

'S]0J3U09 0] pasedwod
av yum syuedioned u (€0°0T) ¥L°29T :sj04u0D (TT0Z-010Z 19k Apmis (%t
(T0°0=d) uonenUsdU0O (#'€1) T0°29T :QV afew ‘A 6/ afe) s|01U0d HOT = U ‘(%6E dfew [zv] eulud
rode 1aybiH YQaydav-SAoNIN :av 3|qeqoid :(TwyBr!) code ewseyd (as) uesn ‘A 08 abe uesw) @v yum siuedionsed 40T = U ‘ztoz Burx

[6€] saers
pajun ‘uoyod
yalessay
leuipnyifuo
(00uvl)
wniuosuo)
ale)

syuswsnipy

A1unos

‘Apnas ayy

0 awreu ‘aesh

sBuipuly urepyy ©1I1149 213soubelp :awoanO uole.IIusduU09 abelane ‘aansodx3 ‘sonsias1oeaeyd ‘uonre|ndod Apnis ‘Joyane 1sd14

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Curr Opin Lipidol. Author manuscript; available in PMC 2017 February 01.



