
Plasma oxysterols and
angiographically determined
coronary atherosclerosis: a case-
control study
Geert van Poppel, Lucy P. L. van de Vijver, Truus
Kosmeyer-Schuil, Earl S. D. Johanns, Alwine F. M.
Kardinaal, Peter van de Bovenkamp, Dick A. C. M.
Kruyssen and Frans J. Kok

Several in vitro and in vivo experiments have implicated
oxysterols in the aetiology and progression of atherosclerosis.
Oxysterols may be formed endogenously by oxidation of
cholesterol and thus may form a marker of LDL oxidation.
They may also be obtained exogenously through dietary
intake. We investigated the association of oxysterols with the
degree of coronary stenosis in patients undergoing coronary
angiography. Cases with severe coronary atherosclerosis
(>80% stenosis in one of the major coronary vessels, n=80)
were compared with controls with no or minor stenosis (<50%
stenosis in all three major coronary vessels, n=79). Cases and
controls were prestratified on age, gender and smoking
habits. Evaluated were plasma levels of unesterified 
7a -hydroxycholesterol, 7b -hydroxycholesterol, 
25-hydroxycholesterol, 7-ketocholesterol, cholestane-triol
and 5,6a -epoxycholestanol. 7a -Hydroxycholesterol made up
67% of the total amount of plasma oxysterol concentration
and was the only one significantly higher in cases (1.53 m g
per 100 ml vs 1.27 m g per 100 ml, p < 0.05). Further, cases
had somewhat higher LDL cholesterol levels and significantly
lower HDL cholesterol levels than controls. After multivariate
adjustment to account for this difference in lipid levels and for
the prestratification factors the mean difference between
cases and controls for 7a -hydroxycholesterol (0.14 m g per
100 ml) was no longer significant. Also the other oxysterols
showed no significant association with the degree of coronary
stenosis. Multiple logistic regression analyses showed an
adjusted odds ratio of 1.07 (95% CI, 0.45± 2.59) in the highest
tertile of total plasma oxysterol level. We conclude, that this
study does not support the hypothesis that plasma oxysterols
form an additional risk factor for coronary atherosclerosis. 

Keywords: oxysterols, hydroxycholesterol, coronary stenosis,
angiography.

Introduction
Tw o  l ines o f  ev id ence  hav e  im p l ica ted  o x ida t io n  o f

ch o le st e ro l in  th e  pa tho g en esis  o f  ath e ro sc l e ro sis .

F i r s t ly,  P en g  et  a l. ( 19 78 ,  19 79 )  hy po thesized  tha t

d i e t a ry  in take  o f  o x id at io n  p rod uc ts  o f  cho le ste ro l

m ay  p l ay  a n  im p o rt an t  ro le  in  the  p ath o genesis  o f

a th e ro sc l e rosis ,  s ince  o xy ste ro l s  h av e  b een  p ro v en  to

be  cy to to x ic  an d  a th e ro gen ic  in  sev er a l in  v i t ro a n d i n

v i vo  m ode ls  ( Im a i e t a l . 1 97 6 ,  K an d u tsch  e t a l. 1 9 78 ,

P en g  an d  Tay lo r  1 984 ,  P en g e t a l.  1 9 85 ,  S ev an ian  and

P e te rso n  19 86 ,  H u bb ard  et a l.  1 98 9 ,  M or in  an d  P en g

19 89 , S m ith  and  Jo hn son  1 98 9) . C ho leste ro l  in  f oo d

p ro d u c ts  can  r ap id ly  o x id ize  d u r in g  p ro ces si n g  an d

sto r ag e . In deed ,  h igh  d ieta ry  in take  o f  ox yste ro l s

t h rou gh  g hee,  c lar i f ied  bu t te r  o i l ,  has  b een  sug gested

to  ex p lain  the  h igh  r ate  o f  card i ov a scu la r  d is ease

(C V D)  in  I nd ian  im m igr an ts  in  the  U ni ted  K ing dom ,

desp ite lo w  leve ls  o f  o ther  r isk  facto rs  ( Jacobson

1987) . P lasm a levels  o f  oxyste ro ls  m ay  t hu s  b e

assoc iated  w i th  C V D  sin ce  they  m ay  re f lect  d ie ta ry

in take  o f  exog en ou s o xyste ro ls .  T he  seco n d

h yp o th esi s  l in k in g  ch o le ste ro l  o x id a t io n  to

a th e ro sc l e ro sis  i s  th rough  ox idation  o f  L D L  (S te inberg

et  a l . 1989) . Na tive L DL  cho lestero l  b eco m es m o re

a th e rogen ic  a f ter  i t  has  b een  ox id ized  by  f ree  r ad ica ls .

B y  o x id at iv e m odif ica t ion  the up take  o f  L D L  by

m a c ro ph ages i s  acce le ra ted ,  w hich  i s  th e b eg inn ing  o f

th e fa tty  s treak .  O x ystero ls m ay  be  a m ark er  o f  th is

en do genou s o x ida t io n  o f  L D L  ch o leste ro l .

S ev er a l  o xyste ro ls  h ave  b een  iden t i f ied  in

a th e ro sc l e ro t ic le sions (Ten g  and  S m ith  1 97 5) , b u t

t h e re  h ave  b een  n o  ep id em io lo g i ca l  s tu d ie s  o n  th e

assoc ia t io n  b etw een  C V D  and  p la sm a  ox ys tero l s .

E p id em io log ica l  s tud ie s  m ay  so  fa r  have  been

h a m p e red  b y  th e  rap id  au to -o x ida t io n  o f  p la sm a

ch o le st e ro l  d ur in g  sam p l in g  an d  an a lys is .  I n  s tu d ie s

in  m y o ca rd ia l  in f arc t ion  p a t ien ts ,  th e  acu te  even t  m ay

in f l uen ce  o xy ste ro l  lev e ls  an d  ham pe r  in te r p re t a t io n .

We  n o w  re p o rt  a  s tu d y  i n  w h ich  w e  m easu re d

o xy st e ro l  con cen t r a t io n s in  p a t ien ts  w i th  e i th e r  h i gh

or  low  deg ree  o f  ang io gr ap h ica l ly  de f ined  coro n a ry

a th e ro sc l e ro sis .

METHODS

Study population 
The study was conducted in 1991 and 1992 in several hospitals in Rotterdam,

The Netherlands. The study was approved by an ethical committee on human

research and all participants gave their informed consent. In this period 1467

patients had coronary angiography for suspected CVD. Ineligible were subjects:

over 68 years of age (n = 352); with a previous bypass surgery (n = 110); with a

myocardial infarction in the 12 months prior to the study period (n = 143); under

cardiac care for more than 2.5 years (n = 295); in whom more than 2 months had
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elapsed between angiography and case selection (n = 117); who had diabetes

mellitus, liver, kidney or thyroid disease, or showed evidence of alcohol or drug

abuse (n = 63). Of the remaining 387 patients, 51 refused to participate, 22 could

not be contacted or were otherwise indisposed and 7 had died. Of the remaining

307 patients, cases were selected on the basis of having more than 80% stenosis

in at least one of the three major coronary vessels and controls having less than

50% stenosis in all three major coronary vessels. The percentage stenosis were

scored by the cardiologist performing the angiography. Cases and controls were

prestratified on age, gender and smoking habits. For seven participants, plasma

samples were stored for more than three months and not analysed for oxysterols.

This left 159 subjects; 80 cases and 79 controls, for data analysis. 

Data collection
Information on medical history was obtained from the medical status and through a

questionnaire within 2 months after angiography. Also, information on the use of

medication, dietary-, smoking- and drinking habits, occupation and occurrence of

CVD in parents and siblings was obtained. In addition anthropometric data were

gathered and blood pressure was measured. Fasted venous blood samples 

(10 ml) were collected into EDTA Vacutainer tubes to which the antioxidant

glutathione (10 mg) had been added. The blood samples were immediately placed

on ice and within 30 mins the plasma was isolated by centrifugation and 50 m g ml± 1

of the antioxidant butylated hydroxytoluene (BHT) was added to the plasma. All

samples were kept at 4°C during processing and within 2 hours after venapunction,

the isolated plasma was stored at ± 80°C.

Preparation and isolation of cholesterol and oxysterols
After a maximum 3 months storage period plasma (2 g) was extracted with 40 ml

Folch mixture. After filtering, washing and addition of betulin as internal standard

the extract was concentrated in 1 ml chloroform.

Preliminary fractionation of the lipid extract, necessary prior to HPLC, was

conducted using successively two solid phase extraction columns. A silica column

(Mega Bond Elut, 2 g packing, Analytichem International, Cambridge, UK) was

conditioned with 6 ml chloroform. After the lipid extract was applied to the

column, a chloroform (8 ml) wash step was performed. Elution of analytes was

accomplished with 14 ml acetone. The acetone was evaporated and the residue

was redissolved in 1 ml HPLC mobile phase (acetonitrile:isopropanol:water

51:45:4 v/v/v). A C18 column (500 mg, Analytichem International) was washed

with 3 ml methanol and 3 ml HPLC solvent before applying the oxysterol fraction.

Elution was performed with 7 ml HPLC mobile phase. Again this fraction was

evaporated and redissolved in 0.265 ml mobile phase solvent. Removal of

cholesterol was carried out by HPLC. A 0.2 ml sample fraction from column II was

injected and the eluate (approximate 4 ml) was collected until cholesterol passed

the UV-detector (202 nm). This fraction was evaporated and dissolved in 0.5 ml

dry pyridine. A Sperisorb 5-ODS glass (i.d. 3 mm, length 200 mm) column

(Chrompack, Bergen op Zoom, The Netherlands) operating at a flow of 0.4 ml

min± 1 was utilized. The preparation of trimethyl silyl esters has been described

previously (Van de Boventamp et al. 1988). The volume of hexane addition was

changed to 0.1 ml.

A 2 m l sample aliquot was splitless injected into a Hewlett Packard 5890 series II

gas chromatograph (Avondale, PA19311 USA) with an HP 7673A autosampler. GC

conditions were: splitless column fused silica, CP-Sil5/CB (Chrompack), 0.25 mm

i.d. x 25 m length, film thickness 0.12 m m; oven programme: 2.5 min at 70°C,

followed by a rise to 220°C at a rate of 40°C min± 1 and subsequently at a rate of

1°C min± 1 to 250°C, this temperature was held for 1 min, then the oven was

programmed at 40°C min± 1 to a final temperature of 285°C for 25 min; carrier gas

hydrogen at 100 kPa; injection temperature 300°C; detector, flame ionization,

325°C. Data acquisition and quantificantion were carried out with HP 3365 series II

Chemstation version A03-01 software on an HP Vectra 386/25 computer.

Recoveries for the oxysterol standards ranged from 89% for 25-

hydroxycholesterol to 110% for 7a -hydroxycholesterol. Replicate spiked control

samples included in duplicate in each run showed that between run variations were

comparable to within run variations. The overall coefficient of variation for the sum

of all cholesterol oxides was 14.7%. To ensure that storage of blood samples

would not influence plasma oxysterol levels we conducted a test in which spiked

and control samples stored at ± 80°C were analysed weekly over a 6 month

period. No changes in total plasma oxysterol concentration were observed.

Analytical measurements
HDL cholesterol was determined as described by Warnick et al. (1982),

triglycerides were analysed according to Sullivan et al. (1985). Total plasma

cholesterol was determined by use of a Spectrum analyser (Abbot Laboratories,

North Chicago, IL 60064, USA) with CHOD-PAP reagent (Boehringer, Mannheim,

Germany). LDL cholesterol concentrations were calculated using the forumula of

Friedewald et al. (1972). For all laboratory analysis, cases and controls were

divided in equal numbers over each laboratory run.

Data analysis
First, basic characteristics, lipids and plasma oxysterol concentrations between

cases and controls were compared by Student’s t-test for unpaired samples. The

association between oxysterols and continuous variables were quantified by

Pearson’s correlation coefficient. Multiple linear regression analysis was used to

adjust differences in oxysterols between cases and controls for age, gender,

smoking habits and serum HDL- and LDL cholesterol. Stratified analyses were

performed to identify confounders or effect modifiers. In order to quantify the

association of oxysterols with coronary stenosis, patients were divided into

tertiles based on oxysterol concentrations and for each tertile the odds ratio was

calculated. Multiple logistic regression analysis was used to adjust odds ratios for

age, gender, smoking habits and HDL- and LDL cholesterol. All statistics were

calculated using the BMDP package (Dixon 1992).

Results
B asic  ch a r ac te r i s t i cs  an d  m ed ica l  h i s to ry  o f  the 159

p a t i en ts  a re  p re sen ted  in  tab le  1 . H D L  cho lestero l  w as

sign i f ican t ly  h igh er  in  con tro ls ,  w h ereas L DL

ch o l est e ro l  w as so m ew ha t ,  th ou g h  n o t  s i gn i f ican t ly

low er  (p =0.14) . C ases m ore fre q u en t l y  re p o rte d  t h e

use  o f  cho le ste ro l  re st r ic ted  d iet ,  h is to ry  o f

m y o c a rd ia l  in f a rct ion  (M I)  o r  percu ta n e  t r an sl u m in a l

c o ro n a ry  an g iop la sty  ( P T C A ) an d  past  sm ok ing .

S ev e r a l  m edi ca t io n s w ere  u se d  m o re f req u en t l y  b y

cases, i .e .  b -b locke rs ,  calc ium -an tagon ists ,  n it r ate s ,

sal icy lic  acid  an d  H M G -C o A  red u ct a se  inh ib i to r s .  F o r

a l l  o the r  m ed ica t io ns no  s ign i f ican t  d iffere n c e

b e tw een  c ases  an d  c on t ro l s  w as o bse rv ed  ( re su l t s  n o t

sh o w n ) .  T h e  7 a - h y d ro x ych o les te ro l  w as  th e  o n l y  o n e

of  the  o xystero ls  w h ich  w as in i t ia l ly  s ig n i f ican t ly

h ig h e r  in  cases . H o w ever, a f ter  m ul t iv ar iate

ad ju s tm en t  th is  m ean  d i ffere n ce  b e tw een  cases  an d

c o n t ro ls  was n o  lon ger  s ign i f ican t  (Tab le  2 ) . T he  

7 a - h y d ro x y cho le ste ro l  a l so  m ad e  u p  the  bu lk  o f  the

to tal  p la sm a  ox ys tero l  co nc en t r a t io n ,  ap p ro x i m a t e ly

6 7 % .  T h e  rem a in in g  f iv e ox yste ro ls ,  n e i th e r

sep a r a te ly  n o r  p o o led ,  sh ow ed  an y  s ign i f ican t

G. van Poppel et al.374
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d i ffe ren ce  in  c on c en t r a t i o n  b e tw een  cases a nd

c o n t ro ls .

HD L  cho lestero l  w as nega tively  a ssoc ia ted  w i th  to ta l

p lasm a  ox yste ro l concen tr at ion  (r= ±0.152 , p =0.057)

w hile  L D L  cho leste ro l  sh ow ed  a  s l ig h t po si t iv e

assoc iat ion  (r= 0.142 , p =0.075) . Age was positively

assoc ia ted  (r=0.166 , p = 0.0 36)  w i th  to tal  p lasm a

o xyste ro l co ncen t ra t io n . 7 a - H ydrox ycho leste ro l

sh ow ed  a  p osi t ive  co rrela tion  w ith  L D L  cholestero l

(r=0.163 , p =0.04)  and w ith  age (r= 0.171, p =0.03)  as

w ell  as  a  s ligh t  negat ive corre la tion  w ith  H DL

ch oles terol (r=±0.142 , p = 0.075) . 

I n  t he  co n t ro ls ,  w e o bse rved  a  s ign if ican t  d i ffere n c e

in  to ta l  p la sm a  ox ys te ro l  co n ce n t r a t i o n  b e tw een  m en

an d  w o m en  ( 1 .7 7  m g  per  100  m l  vs  2 .19  m g  pe r  1 00  m l)

a s  w el l  a s  a  d i ff erence in  H D L - and  L D L  cho lestero l .

E v en  a f te r  ad justm ent  f o r  th ese  lip id  leve ls , ag e  and

sm o kin g  h ab i t s ,  th e  d i ffere nc e  b e tw e en  ge nd e r s  

(0 .57  m g  per  100  m l, 95%  C I; 0 .09±0 .91  m g  p er  100  m l)

w as s t i l l  s tat i s tica lly  s ign i f ican t . T he re  w as  n o

sign if ican t  d i fferen ce  in  to tal  o xy stero l  co n cen t r a t io n

b e tw een  co n t ro ls  o n  a  ch o le ste ro l  re st r ic t ed  d i e t

c o m p a red  w i th  th o se  w h o  w e re  n o t  o n  su ch  a  d ie t

(1 .78  m g  per  100  m l  vs  1 .9 6  m g  p er  100  m l) ,  b etw een

c u rren t  sm ok ers  an d  n on -sm o ker s  ( 1 .90  m g  pe r  100 m l

vs 1 .93  m g  pe r  m l)  n o r  b e tw een  n o n- sm o k er s  w h o  h ad

nev er  sm ok ed  an d  ex- sm ok ers  ( 1 .89  m g  p er  1 00 m l  v s

2 .07  m g  pe r  100 m l) . A fte r  m u lt iv ar iate  ad justm en t ,

m e an  d i ff erences in  to ta l  o xy sterol  (95%  CI)  fo r  these

gro u p s  w e re; 0 .18  m g  pe r  100 m l (±0 .23  ± 0 .38  m g  pe r

1 00 m l) , ±0 .01  m g  pe r  100 m l (±0 .40  ± 0 .38  m g  pe r

1 00 m l)  and  ±0 .01  m g  p er  1 00 m l  (±0 .46  ± 0 .44  m g  p e r

1 00 m l)  re sp ec t iv e l y.  N o ne  o f  th e  o th e r  d ich o tom o us

va r iab le s  in  tab le  1  no r  an y  o f  th e  m ed ica t io ns u sed

sh o w ed  an  a s so c ia t i on  w i th  th e  o x y ste ro ls .  T h e

n um b er  o f  con t ro ls  w i th  a  h is to ry  o f  M I or  P T C A w as

too  sm a l l  to  inv est ig a te th e  a ssoc ia t ion  w i th  p la sm a

o xy st e ro ls .  H o w ever,  an a ly si s  in  w h ich  th ese  p a t ien ts

w e re  o m i t ted  sh o w ed  si m i la r  re su l t s  a s  th ose in  tab le

2 ( re su l t s  no t  sho w n) . L ikew ise ,  s im i la r  re su l t s  w ere

ob ta ined  fo r  sepa ra te ana ly sis o f  ca se- con t ro l

d i fferen ces f o r  curren t  sm ok er s ,  n on -sm o ker s , ex -

sm o k er s  an d  su b jec t s  w h o  w ere  no t  on  a  cho le ste ro l

re str ic ted  d ie t  ( re su l t s  n o t  sh o w n) .

Ta b le  3  sh ow s the  od ds ra t ios  f o r  coro n a ry  s ten o s is

in  th e  d i fferen t  te rt i les  o f  p la sm a  o xy ste ro l

con cen t r a t io ns . I n  th e  c ru d e  an a ly s is ,  t h e re  ap p ea r s  to

be  a  so m ew ha t  h igh e r  o d ds r a t io  in  the  h igh est  te rt i le .

T h e  d i fferen ce  w i th  th e  lo w est  te rt i le  h ow ever  i s  n o t

s ign i f ican t  n or  i s  th ere  a  tend ency  f o r  an  inc rea si n g

t ren d  ov e r  th e  te rt i le s .  W h en  ad ju sted  f o r  l ip id s  an d

p rest ra t i f ica t ion  fac to rs  th e od ds ra tio s a re  e ssen t ia l ly

sim ila r  o ve r  th e te rt i le s .

Discussion
T he  pur pose  o f  th is case-con tro l study  was to  te st the

hyp othesis  th at  oxyste rols fo rm  an  ad d i t io na l  r i sk

Plasma oxysterols and atherosclerosis 375

Cases (n=80)a Controls (n=79)a

Mean±SD

Age (years) 53.7 ±8.7 52.7 ±9.3

Body mass index (kg m± 2) 26.2 ±3.1 25.4 ±3.0

Systolic blood pressure (mmHg) 132.9 ±17.4 131.8 ±16.4

Diastolic blood pressure (mmHg) 83.1 ±10.1 83.3 ±10.1

Under cardiac care (years) 0.84 ±0.69 0.69 ±0.49

Years stopped smoking 6.5 ±8.8* 10.8 ±11.3

Plasma HDL cholesterol (mmol l± 1)b 1.08 ±0.31* 1.35 ±0.42

Plasma LDL cholesterol (mmol l± 1)b 4.17 ±0.89 3.95±0.99

Plasma total cholesterol (mmol l± 1)b 6.21 ±0.90 5.99 ±1.08

Cigarettes per day 11.3 ±9.0 9.0 ±7.7

Proportion (%) of:

Males 66 65

Cholesterol lowering diet 50* 23

Vitamin C or E supplement 5 8

Current smokers 23 28

Ex-smokers 68* 49

Alcohol drinkers 70 77

History of hypertension 44 38

History of MI 18* 3

History of PTCA 11* 3

Family history of CVD 70 66

Table 1. Basic characteristics and medical history of patients with different

degrees of coronary stenosis. 

a Cases >80% stenosis in at least one coronary vessel; controls <50%

stenosis in all three coronary vessels.
b One value missing.

* p < 0.05.

Oxysterols m g per 100ml, Casesa Controlsa Adjusted case-control

mean ± SD (n = 80) (n = 79) difference (95% CI)b

7a -Hydroxycholesterol 1.53 ± 0.92c 1.27 ± 0.67 0.14 (± 0.13± 0.41)

7b -Hydroxycholesterol 0.15 ± 0.06 0.14 ± 0.06 0.00 (± 0.02± 0.02)

7-Ketocholesterol 0.13 ± 0.05 0.13 ± 0.07 0.00 (± 0.02± 0.02)

5,6a -Epoxycholestanol 0.15 ± 0.09 0.15 ± 0.07 0.00 (± 0.02± 0.02)

Cholestane-triol 0.15 ± 0.17 0.14 ± 0.14 ± 0.01 (± 0.07± 0.05)

25-Hydroxycholesterol 0.07 ± 0.12 0.06 ± 0.03 0.00 (± 0.04± 0.04)

Sum of five oxysterolsd 0.65 ± 0.37 0.62 ± 0.27 ± 0.01 (± 0.13± 0.11)

Total plasma oxysterols 2.18 ± 1.04 1.92 ± 0.77 0.13 (± 0.42± 0.16)

Table 2. Plasma oxysterol concentrations in patients with different degrees of

coronary stenosis. 

a Cases >80% stenosis in at least one coronary vessel; controls <50%

stenosis in all three coronary vessels.
b Mean difference in oxysterol concentrations between cases and controls

after adjustment for age, gender, smoking habits and HDL- and LDL

cholesterol.
c Student’s t-test for unpaired samples (p <0.05).
d All oxysterols except 7a -hydroxycholesterol.
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facto r fo r coro n a ry  a the rosc le rosis. Fo l low ing  th is

hypo thesis, one w ould  expect  to  f ind  h ighe r  leve ls  o f

ox yste ro ls  am ong cases. Of  the  six  oxystero l s

invest iga ted , 7 a - hy d roxy cho lestero l  m ade  u p  th e

m ajor  part o f  the  to tal  plasm a  oxystero l  con cen t ra tion s.

I t also  was the on ly  one in it ial ly  sign if ican tly  h ighe r  in

the cases. T h is  d ifferen ce  h o w ever  d isap pea red  a f ter

m ul tivar iate ad justm ent. T he o ther  f ive  oxystero ls ,

ne i th er  separ ate  n or  poo led ,  show ed  an y  a ssocia tion

w i th  th e  d eg ree of  coro n a ry  stenosis , nei ther  be fore n o r

af te r  m u lt ivar ia te ad justm ent.

I t  ap pea r s  un l ik ely  tha t  th e  o b serva t ion  o f  n o

assoc ia t i on  a s  f o un d  in  t h is  s tu dy  h as been  b ia sed  by

f law s in  the  s tu d y  d esig n .  We  too k  spec ial  care  to

p reven t  au to -o x id a tio n  o f  cho leste ro l  in  th e  b lo o d

sam p les b y  add in g  th e  g lu ta th io n e  and  B H T

an t i o x id an ts  an d  b y  r ap id ly  p ro cess in g  th e  s am pl es.

I n  ad d i t i on  b lo o d  sa m p les w ere  an a ly sed  w i t h in  3

m o n t h s ,  w h e reas w e  hav e  o bse rv ed  tha t  th e  to ta l

p la sm a  o x y ste ro l  co nce n t r a t io n  d i d  no t  i nc rease o v er

a  6  m on th  s to r age  pe r iod . 

B o th  s tu dy  g ro u p s  w e re  u n d e r  c a rd io lo g ica l

t rea tm en t  f o r  v ascu la r  co m p la in ts  and  can  th u s b e

c o n s id e red  to  b e  eq u al ly  p ron e  to  d ie t a ry  ch an g es.

N ev erth ele ss ,  s ig n i f ican tly  m o re  cases  w ere  on  a

ch o l e s te ro l  res t r ic ted  d ie t .  H o w ever,  w e  o bse rv e d  n o

asso c ia t io n  b e tw een  su ch  a  d ie t  an d  p la sm a  o x y ste ro l

lev els . To  red u ce  th e  e ff ec t  o f  p ossib le  d ie ta ry o r  life-

s ty le  ch anges a s  a  re sp o nse  to  th e  ca rd io log y  re p o rt ,

b lo o d  sam p les  w ere  tak en  w i th in  2  m o nth s a f te r

an g io gr a ph y.  A  ch an ge  in  d ie t  a f ter  ang iogr aph y  w as

re p o rted  in  s ix  cases an d  f ou r  co n t ro ls ,  o f  w ho m  tw o

sub jec ts  in  b o th  g ro u p s  re p o rted  use  o f  a  cho le stero l -

o r fat-re st r icted  d ie t.  E xc lusion  o f  a l l  sub jec ts  on  a

ch o l e s te ro l - re st r ic ted  d ie t  y i el ded  e ssen t ia l ly  s im i la r

re su l t s .

T h e resu lt s cou ld  have been  b ia sed  by  sm oking

hab i ts,  since m ore  cases w ere ex-sm okers. As sm oking

causes ox idative  stress (Pryor  et al. 1983)  th is m ay

in c rease  endogen ous oxyste ro l form ation . How ev er,  n o

d i fferences in  p lasm a  oxystero l leve ls w ere  seen

be tw een  cu rren t and  ex-sm okers , nor  d id  w e f ind  a

co rrela tion  between  the num ber  o f  cigare tte s sm ok ed

an d  ox yste ro l levels. M oreover, analysis fo r  non-

sm okers and  sm okers  sepa rately  y ielded  sim ilar  re su l ts .  

S ev e r a l  m ed ica t io ns  w ere  m o re fre q u en t ly  u sed  b y

cases, o f  w hich  H M G- C oA  red uc ta se  inh ib i to r s ,  b e in g

ch o l est e ro l  low er in g  d rugs,  a re  o f  p art icu la r  in te re st .

B y  lo w erin g  the  cho leste ro l  lev e l  th ey  co u ld  a lso

lo w er  o xy ste ro l  co ncen t r a t io ns . H ow ever,  w e

o b se rved  no  a sso c ia t ion  o f  p la sm a  o xy ste ro l lev els

and  use o f  H M G -C oA  re d uc ta se  in h ib i to r s  n o r  w i t h

use  o f  any  o f  th e o the r  m edica t ion s.

Of  qu ite a d i fferen t  o rde r  i s  the  p ossib le b ia s  cau sed

by  sub jects  w i th  a h is to ry o f PT CA (perc u t an e

t r an slu m in a l  co ro n a ry  ang iop lasty ) . S ub jects  cou ld

have  been  m iscla ssi f ied  as  co n t ro ls  du e  to  p re v io u s

P T C A . H ow ever, on ly  th ree  co n t ro l s  h ad  u n d e rg o n e

P T C A ,  an d  an  analysis om i t ting  P T C A  sub jects  y ielded

sim i la r  resu l ts  a s those in  tab le  2  ( re su l t s  no t  sh ow n ) .

In  ev alua t in g  the  p ossib le  b io lo g ica l s ig n i f icance o f

o u r  re su l t s ,  i t  sh ou ld  be  rea l ized  th a t  ou r  s tud y  g ro u p

m ay  n o t  b e  re p resen ta t ive  o f  the  g en e r al  p op u la t io n .

B o th  cases  and  co n t ro ls  a re  selected  f ro m  i n d i v i d u a l s

ref erred  b ecau se  o f  m an ife st  c l in ica l  sy m pto m s o f

C V D  and  the  co n t ro l s  in c lu d e  p a t ie n ts  w i t h  k n o w n

m in o r  co ro n a ry  s t en o sis .  H ow ever, in  th e  co n t ro l

g ro u p  5 9 %  w e re  sco red  a s  h av in g  n o  s ten o sis  and  th e

m e an  p e rcen tag e  s ten osis  o ve r  the  th ree  co ro n a ry

v es se ls  d id  n o t  ex ceed  3 0% .  C o ro n a ry  a rte r io g r aph y

a l low s fo r  an  im p rov ed  d iag nosis  o f  coro n a ry  a rt e ry

d isease,  f o r  an  ob jec tive  iden t i f ica t io n  o f  con tro l s  a n d

cases an d ,  m o s t  im p ort a n t ly,  fo r  po ten tia l  a the ro ge n i c

agen ts  to  b e  d irec t ly  a sso c ia ted  w i th  co ro n a ry  s te n os is

(P ear so n  1 984) . S ince assoc ia tion s o f  r i sk  f ac to rs  w i th

sten o si s  v a ry  by  de f in i t ion  o f  con trol  g rou p  ( P ea r so n

19 84 ,  R eed  and  Yano  19 91 ) , w e  a lso  exam in ed  the

p a t ie n ts  w i t h  m o re  ex t rem e  d eg rees o f  coro n a ry

sten osis ,  i . e .  co n t ro ls  w i th  < 10%  sten osis  (n = 5 2)  an d

cases w i th  > 90 %  steno sis  (n = 64 ) . T h is  w o uld  a l low

s t ron ger  in fe rence  to  be  m ad e  ab ou t  the  a ssoc ia t ion  o f

o xy st e ro l s  w i t h  co ro n a ry  s teno sis . T h is  ana lysis  gav e

th e  s am e  re su l t s  a s  tho se  a l ready  ob ta in ed  f ro m  t h e

le ss  s t r in gen t  d a ta an aly sis .  

We  h ad  h y p o t hes ized  th a t  p la sm a  lev e ls  o f

o xy st e ro ls  m i gh t  b e im p l ica ted  in  a th e ro sc le ro sis  a s  a

re f lec tio n  o f  ex og en ou s in tak e s ince  th ese  m ay  re f lect

ex og en ou s in tak e . E x p e r im enta l  ev id en ce  in d ica te s

th a t  d ie ta ry  ox yste ro ls  are ab so rb ed  f ro m  t h e

G. van Poppel et al.376

Tertiles Low Medium High

Crude OR (95% CI)

Total oxysterols 1.00 0.86 (0.39± 1.86) 1.71 (0.79± 3.71)

7a -Hydroxycholesterol 1.00 0.85 (0.38± 1.79) 1.76 (0.81± 3.82)

Sum of five oxysterolsb 1.00 1.12 (0.52± 2.41) 1.31 (0.60± 2.83)

Adjusted ORc (95% CI)

Total oxysterols 1.00 0.60 (0.25± 1.45) 1.07 (0.45± 2.59)

7a -Hydroxycholesterol 1.00 0.85 (0.34± 1.93) 1.14 (0.49± 2.68)

Sum of five oxysterolsb 1.00 0.99 (0.42± 2.39) 0.92 (0.39± 2.18)

Table 3. Crude and adjusted odds ratios for severe coronary atherosclerosis

in tertilesa of plasma oxysterol concentration.

a The patients are divided into tertiles on the basis of oxysterol

concentrations.
b All oxysterols except 7a -hydroxycholesterol.
c Adjusted for age, gender, smoking habits and HDL- and LDL cholesterol.
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g ast ro in te st in a l  t r ac t  and  a re  d is t r ib u t ed  am o n g  t he

l ip id  f r ac t ion s,  in  pa rt icular V L DL  and  L DL  (M orin

and  P en g  198 9) . I n  a m ix ed  D utch  d iet  the  to ta l

am o un t  o f  ox y ste ro ls  r anges f rom  3 .6  to  6 .2  m g g±1 d ry

w ei gh t  ( van  de  B ov en kam p  e t a l.  1988) .  A t  a daily

f ood  in tak e o f  abou t 500  g  the  ave rage m ix ed  D utch

d ie t  w ould  lead  to  the  in gestio n  o f  a  f ew  m i l lig ram s o f

o x y ste ro ls . I f  p lasm a  ox yste ro ls  a re  p r im ari ly  o f

d ie ta ry  o r ig in , con cen t r a t ion  p ro f i le s  in  d ie t  an d

p lasm a  w o ul d  b e  ex p ec ted  to  be  s im i la r.  H ow ever,

o x y ste ro ls  in  fo od  sho w  a  to ta l ly  d i ffere n t

c o n cen t r a t io n  p ro f ile  (Jacobson  1 987 , N ouro o z - Z ad eh

an d  A pe lq v ist  1 98 8 ,  v an  de  B ov en kam p  e t  a l.  1988) .

I n  p a rt ic u la r,  in  f ood  the  7 a - h y d ro x y ch o leste ro l  d o e s

n o t  p red o m in a t e  w h ich  in d ic a te s  t h a t  p la sm a  

7 a - h y d rox y ch o lest e ro l  is  o f  end og en ous o r ig in .  T h e

f ac t  tha t 7 a - h y d ro xy ch o les te ro l fo rm s  a n  in te rm e d i a t e

in  the  b iosy n thesis  o f  b i le  ac id s f ro m  c ho l est e ro l

(B jö rkhem  et  a l.  1 987 )  m ay  exp la in  it s  re la t iv e ly  h igh

p la sm a  co n cen t r a t i on  an d  i t s  co rre l a t i o n  w i th  th e

to ta l  cho le ste ro l  leve l .  Ind eed ,  p la sm a lev els  o f  

7 a - h y d rox y ch o lest e ro l  have  been  sug gested  to  be

u sef u l  a s  a m ar ke r  fo r  cho le ste ro l  7 a - h y d rox y l ase

ac t iv i ty,  the  ra te - l im i tin g  enzym e  in  b i le  ac id

b io syn thesis  ( B jö rkh em  e t a l. 1987) .

M ean  p la sm a  leve l  o f  f ree (u nester i f ied )  7 a -O H

c h o les te ro l  ob se rved  in  o ur  cases (1 .53  m g  p er  100 m l )

is  i n  th e  sam e  ord e r  o f  m ag ni tud e  a s  lev e ls  re p o rt e d  i n

ch o le l i th ia sis  pa t ien ts  ( 1 .94  m g  pe r  10 0m l)  an d  in

g ast r ic  can cer  p a t ien ts  w i th o u t  h epa t ob i l ia ry  d i se ase

(2 .25  m g  pe r  100 m l)  ( O da e t  a l.  19 90) . T h is  s tu dy  

a lso  in d ica ted  tha t  abo u t  2 0±25 %  o f  the  to ta l  

7 a - h y d rox y ch o lest e ro l  in  p la sm a  is  f re e

( uneste r i f ied) .  L ikewise B jö rkhem  e t a l. (1987)

re p o rted  levels o f  3 .0  m g  per  1 00 m l  ( un este r if ied ) ,  in

p a t ien ts  w i t h  g a l l s to n e  d is ease .  K oo p m an et  a l . (1987)

re p o rted  levels o f  1 .96±16 .4  m g  p er  100 m l  i n  h e a l t h y

v o lu n tee rs  u sing  an  a ssay  f o r  the  sum  of  e ster i f ied  an d

free  7 a - h y d ro x y ch o l este ro l .  T he  som ew h a t  lo w er

leve ls fo r  f ree  7 a - h y d ro x y ch o leste ro l  in  o u r  s tu d y

m ay  b e  ex p la in ed  b y  o ur  effort s  to  p reven t  au to -

o x id a t ion  o f  ch o le ste ro l .  T h u s, th e  to ta l  p la sm a

o x y ste ro l  con cen t r a t ion  a s  f o un d  i n  th e  cases w as a

m e re  2 .18  m g  p e r  10 0 m l  an d  ev en  le ss  w h en  7 a -

h y d ro x y cho le ste ro l  is  o m i tted  ( 0 .65  m g  pe r  100 m l) .

T h is  i s  f a r  le ss  than  th e m in im u m  5 ±10  m g  p e r  m l

o x y ste ro l  co ncen t r a t io n  req u i re d  in  t h e  c u l t u re

m ed i u m  to  in d u ce  ao rt ic  sm o o th - m usc le  ce l l  d ea th  in

in  v i t ro exp e r im en ts  ( P eng  e t  a l.  1979) . M ore o v e r,  o u r

re su l t s  d o  no t  in d i cat e  an  a sso c ia t io n  o f  p l a sm a

o x y ste ro ls  in  th e  ob se rved  r ang e  w i th  co ro n a ry

a t h e ro sc le ro sis  and  th us su gg est  th a t in tak e  o f

o x y ste ro ls  f ro m  an  av e rag e  m ixed  D u tch  d ie t  do es n o t

po se  a  m a jo r  h ea l th  r i sk  w i th  rega rd  t o

a t h e ro sc l e rosis .  T h is  obse rv a t io n  c lea r l y  can n o t

read i ly  b e  ex t r ap o la ted  to  o t he r  p op u la t ion s h av ing

o th e r  d ie ta ry  h ab i t s .  F o r  instance  in  g hee  o xy stero l s

m ake  u p  1 2 .3 %  o f  th e  s te ro ls  (258  m g  pe r  g  d ry

w eigh t )  (Jacobson  1987) . H igh  d ie tary  in tak e o f  ghee

cou ld  th us  lead  to  f ar  h igh e r  p la sm a o xy ste ro l  lev e ls

w h ic h  c ou l d  i n de ed  po se  a  r i sk . I n  ou r  s tu d y  w e  d id

no t  hav e  da ta  on  su b jec ts  w i th  h ig h  g hee  in tak e .

T h e  se co nd  p a rt  o f  o ur  hypo th esis  link ing  oxy ste ro l s

to  coro n a ry  a th e rosc le ro sis  w as tha t  p lasm a  o xy ste ro l s

m ay  be a m arker  o f  L D L  oxida tion . We  m ea su re d

un este r i f ied  o xyste ro ls ,  w hich  can  b e a ssu m ed  to  be

located  am o ng  the  un este r i f ied  cho leste ro l  o n  the

s u rf ace  o f  the  lipopro te in ,  the  lo ca t ion  m ost  p ro n e  to

ox ida t io n .  To tal  p la sm a  oxy ste ro l leve ls  m easured  a re

a  m ere f raction  (<1 .10±4% ) of  to tal  cho leste ro l lev el.

T h is  m ay  be  in te rp re ted  a s  in d ica t in g  th at  n o t  m u ch

oxida t io n  o f  ch o lestero l occur s  in  v i vo.  M oreo v er,  w e

o bse rved  n o  a ssoc ia t io n  o f  p lasm a oxy ste ro ls  w i th

co ro n a ry  s teno sis . T hese  observ a t ions seem  to  p lea

aga inst  a  role of  ox idation o f  L D L  cholestero l  in  th e

aetio logy  o f coro n a ry  a t he ro sc le rosis . H ow ever, i t

sh o u ld  b e  real ized  tha t ox idat ion  o f  L DL  m ay  on ly

occur  ex t r av ascu la r ly,  i .e .  in  the a rte r ia l w al l.  In  the

m i c ro en v i ron m en t o f  the  vascu la r  in tim a , w a te r  and

l ip id - so lu b le  an t io x id an t  th at  a re  read i ly  ava i lab le  in

th e c i rcu la t ion  m ay  b eco m e su ff ic ien tly  d ep leted  to

allow  the ox idation  o f  L D L  and  f orm a tion  o f  o xyste ro l s

(S teinb erg et  a l.  198 9) .  T h is  ox idat ion  m ay  n o t have an

im pac t  on  p la sm a  o xy ste ro l  leve ls  sin ce  th e  o x id ized

L D L  is  rap id ly  taken  up  by  the re si d en t  m a crop h ag es.

M o reov e r, any  o x id ized  L DL  that m igh t  leak  away  

in to  the  c ircu la t io n  w i ll  rap id ly  b e c lea red  b y  th e live r

(S teinb erg et a l. 1989) . Our  re su l t s  t he refo re  m ay  

be tte r  be  in te rp re ted  a s  ind icat in g  th a t  p la sm a

ox yste ro ls  are a poor  m arker  o f  ex travascu la r  L DL

oxida t io n . A  po ssib le  be t te r  m ark er  to  s tud y  th e

assoc iat ion  o f  L D L  ox idat ion  w ith  coro n a ry

a t h e roscl ero sis  m ay  b e th e resistance o f  L DL  against

ex - v ivo in du ced  chem ica l  ox id a tio n  (E ste r baue r  et  a l.

198 9 , P r in cen  et  a l.  1 992) , wh ich  has been  rep o rted  to

b e  dec reased  in  pa t ien ts  w i th  sev e re  coro n a ry

a t h e roscl erosis (R egnst röm  e t a l.  1992) . Our  re su l t s

t h e refo re m ay  no t  be app l icab le to  the  L DL  ox idat io n

hy p oth esis  s in ce  p la sm a  ox y ste ro ls m ay  be a poo r

m arker  of  L D L  oxidat ion  in  v ivo.

We  co n c l u d e  th a t  th is  s t u d y  p ro v i d es e v id en ce  t h a t

o xy st e ro ls  m easu red  in  p la sm a  a re  no t a  r isk  fac to r  f o r

c o ro n a ry  a t he ro sc l e rosis  in  D utch  su b jec ts . D ie tary

in tak e o f  ox yste ro ls at  levels f ro m  an  av e rag e  D utch

d ie t  m ay  th e re fore  n o t  p ose  a  m a jo r  h ea l th  r i sk  w ith

reg ard  to  co ro n a ry  a th e ro sc le ro sis .

Plasma oxysterols and atherosclerosis 377
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