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 Dietary sterols consist of animal-derived cholesterol and 
plant-derived noncholesterol sterols or phytosterols. Phy-
tosterols are important components of a vegetable-based 
diet and are particularly abundant in whole grains, nuts, 
seeds, and oils derived from them. The principal molecu-
lar forms are sitosterol and campesterol ( 1 ). These com-
pounds are structurally related to cholesterol but have 
bulkier and more hydrophobic molecules, which confer 
them a higher affi nity for intestinal micelles than has cho-
lesterol. Consequently, cholesterol is displaced from mi-
celles, and the amount available for absorption is limited. 
The phytosterol content of usual diets is similar to that 
of cholesterol (150 to 450 mg/day), but their intestinal 
absorption is much less effi cient (see review in Ref.  2 ). 
Because of low absorption and rapid biliary elimination, 
physiological plasma concentrations of phytosterols are 
in the order of 10  � 3  those of cholesterol. Their ratios to 
cholesterol are accepted as surrogate markers for the 
effi ciency of cholesterol absorption, while those of the 

       Abstract   Phytosterol intake with natural foods, a measure 
of healthy dietary choices, increases plasma levels, but in-
creased plasma phytosterols are believed to be a coronary 
heart disease (CHD) risk factor. To address this paradox, 
we evaluated baseline risk factors, phytosterol intake, and 
plasma noncholesterol sterol levels in participants of a case 
control study nested within the European Prospective Inves-
tigation into Cancer and Nutrition (EPIC) Spanish cohort 
who developed CHD (n = 299) and matched controls (n = 
584) who remained free of CHD after a 10 year follow-up. 
Sitosterol-to-cholesterol ratios increased across tertiles of 
phytosterol intake ( P  = 0.026). HDL-cholesterol level in-
creased, and adiposity measures, cholesterol/HDL ratios, 
and levels of glucose, triglycerides, and lathosterol, a cho-
lesterol synthesis marker, decreased across plasma sitosterol 
tertiles ( P  < 0.02; all). Compared with controls, cases had 
nonsignifi cantly lower median levels of phytosterol intake 
and plasma sitosterol. The multivariable-adjusted odds ratio 
for CHD across the lowest to highest plasma sitosterol tertile 
was 0.59 (95% confi dence interval, 0.36–0.97). Associations 
were weaker for plasma campesterol. The apolipoprotein 
E genotype was unrelated to CHD risk or plasma phytos-
terols.   The data suggest that plasma sitosterol levels are 
associated with a lower CHD risk while being markers of a 
lower cardiometabolic risk in the EPIC-Spain cohort, a 
population with a high phytosterol intake.  —Escurriol, V., 
M. Cofán, C. Moreno-Iribas, N. Larrañaga, C. Martínez, 
C. Navarro, L. Rodríguez, C. A. González, D. Corella, and 
E. Ros.  Phytosterol plasma concentrations and coronary 
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standardized procedures, and a blood sample was taken. Close to 
60% of blood samples were collected after an overnight fast. To 
ascertain the vital status, annual record linkages were carried out 
with the national databases of the Instituto Nacional de Estadística, 
Spain. For this analysis, the follow-up for vital status was complete 
until December 31, 2004; the mean follow-up period was  ≈ 10 years. 
All subjects provided written informed consent to a protocol ap-
proved by local ethical review boards. 

 Case ascertainment 
 Cases were defi ned as participants who had a defi nite fatal or 

nonfatal myocardial infarction or angina requiring a revascular-
ization procedure. Participants who at recruitment had a prior 
diagnosis of CHD that was validated thereafter were excluded 
from further analyses (n = 193). For the identifi cation of poten-
tial cases, a record linkage between the EPIC database and local 
hospital discharge registers was performed. A Population Myo-
cardial Infarction Register available in three participating regions 
(Navarra, Guipuzkoa, and Murcia) was also used. At censoring, 
468 defi nite cases of incident fatal and nonfatal myocardial in-
farction and 141 cases of angina were identifi ed. 

 Participants 
 Of the 609 confi rmed CHD cases, approximately one-half (n = 

315) were randomly selected for inclusion in this analysis. Using an 
incidence density method ( 20 ), two controls, randomly selected 
among subjects in the cohort still at risk for CHD at the time of di-
agnosis of each case (namely, subjects that had not suffered a CHD 
event at the time their matched case-pair had an event) were 
matched to each case by center, sex, age (within 5 years), and time 
of enrolment (within 3 months). If needed, the same subjects could 
serve as a control more than once. Because we analyzed incident 
(new) cases, any individual who suffered a CHD event during the 
10 year follow-up period was no longer eligible to be a control. 

 Dietary information 
 Information on usual food intake over the year before enrol-

ment was collected by a validated computerized diet history ques-
tionnaire ( 21, 22 ). Energy and nutrient intakes were estimated 
using a conversion table in a computerized database especially 
compiled for the EPIC study in Spain. Intake of total phytosterols 
and their main components was estimated from the database of 
Spanish foods developed by Jiménez-Escrig, Santos-Hidalgo, and 
Saura-Calixto ( 23 ) 

 Laboratory measurements 
 Coded samples of plasma and blood cells (buffy coat) were 

shipped to a central laboratory and stored at  � 80°C until assay. 
Plasma glucose was measured by the glucose-oxidase method in 
fasting samples. Cholesterol and triglycerides were determined by 
enzymatic procedures; triglycerides were measured only in fasting 
samples. HDL-cholesterol was quantifi ed after precipitation with 
phosphotungstic acid and magnesium chloride. The concentra-
tion of LDL-cholesterol was calculated as total cholesterol minus 
HDL-cholesterol minus triglycerides/5 when triglyceride levels 
were  � 3.36 mmol/l in fasting samples, and by the homogeneous 
method of Daiichi Pure Chemicals (N-geneous ®  LDL; Genzyme 
Diagnostics, Cambridge, MA) when triglyceride levels were >3.36 
mmol/l and in nonfasting specimens. The determinations were 
made in an ADVIA 1800 chemical analyzer (Siemens Healthcare 
Diagnostics, Madrid, Spain). Genomic DNA was obtained to de-
termine the apolipoprotein E (apoE) genotype ( 24 ). 

 Serum noncholesterol sterol levels were determined by gas 
chromatography using a modifi cation of the method of Heine-
mann, Axtmann, and von Bergmann ( 25 ). Epicoprostanol (2  � g) 

cholesterol precursor lathosterol are a reliable index of 
cholesterol synthesis ( 3 ). 

 The lower absorption of phytosterols compared with cho-
lesterol is attributable to active resecretion back into the 
intestinal lumen, a process that is mediated by the half-
transporters ABCG5 and ABCG8. Genetic defects in these 
transporters ( 4–6 ) cause sitosterolemia, a rare autosomal 
recessive disorder characterized by intestinal sterol hyper-
absorption, raised plasma phytosterol levels, xanthomas, 
and accelerated atherosclerosis. Because of the presumed 
pathogenic role of elevated plasma phytosterols in sitoster-
olemia, the question whether high levels of circulating 
phytosterols might also be atherogenic in nonsitosterolemic 
individuals has been much debated ( 7, 8 ). This is a substan-
tial concern, given that inhibition of cholesterol absorption 
by gram doses of phytosterols incorporated into various 
foods is widely used as a nonpharmacological strategy for 
cholesterol lowering but is associated with increased serum 
phytosterol concentrations ( 8 ). Results of epidemiological 
studies have suggested either a direct association between 
plasma phytosterols and coronary heart disease (CHD) risk 
( 9–12 ) or a null ( 13, 14 ) and even inverse association ( 15 ). 

 A relevant yet unexplored issue is the effect on CHD risk 
of naturally occurring phytosterols in the usual diet. Two 
large cross-sectional studies have shown a weak inverse as-
sociation between dietary phytosterol intake and plasma 
total and LDL-cholesterol levels ( 16, 17 ). Participants in 
the Spanish cohort of European Prospective Investigation 
into Cancer and Nutrition (EPIC), a large prospective 
study in Europe ( 18 ), have a higher consumption of 
phytosterol-rich vegetables and fruits than most European 
countries and the US ( 19 ), confi rming their adherence to 
the Mediterranean dietary pattern. We hypothesized that 
plasma phytosterol concentrations are markers of a healthy 
diet and are associated with a decreased risk for CHD, in-
stead of an increased risk, in the Spanish EPIC cohort. To 
address this issue, we examined the association among 
dietary phytosterol intake, plasma levels of phytosterols, 
cardiometabolic risk factors, and the risk of future CHD. 

 METHODS 

 Study design 
 We performed a nested case-control study among participants 

of the Spanish EPIC study ( 19 ). Subjects were recruited as part of 
a 10 country collaborative study designed to investigate dietary and 
other determinants of cancer ( 18 ). The population of the Spanish 
branch of EPIC included 41,440 individuals. Participants were 
healthy men and women volunteers, principally blood donors, 
aged between 30 and 69 years at enrolment between October 1992 
and July 1996 in fi ve regions, three in Northern Spain (Asturias, 
Navarra, and Gipuzkoa) and two in Southern Spain (Murcia and 
Granada). In face-to-face interviews, each participant was adminis-
tered questionnaires to collect information on lifestyle factors, in-
cluding food consumption and smoking, and a complete medical 
history, including a prior diagnosis of hypertension, hyperlipid-
emia, or diabetes, and medication use. Anthropometric measure-
ments [height and weight, with calculation of body mass index 
(BMI) in kg/m 2 , and waist circumference] were obtained by using 
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was set at  P  < 0.05. Analyses were performed using SPSS, version 
15.0 (Chicago, IL). 

 Odds ratios (ORs) and 95% confi dence intervals for CHD risk 
by plasma phytosterol ratios were calculated by conditional logis-
tic regression using the PHREG procedure (SAS statistical soft-
ware, v. 9; SAS Institute, Cary, NC), stratifi ed by the case-control 
set. Risk estimates were computed as “crude” (adjustment for 
matching variables only), after adjustment by cardiovascular risk 
factors and apoE genotype, and after additional adjustment by 
intake of energy and nutrients, including plant sterols. We did 
not adjust for statin use because the few subjects under statin 
treatment at recruitment were excluded from calculations. 

 RESULTS 

 From the total number of 315 CHD cases, 16 were ex-
cluded, seven because they were under statin treatment, 
one due to implausible energy intake, and eight because 
plasma sterol determination failed due to insuffi cient or 
spoilt plasma samples; corresponding exclusions among 
the 630 control subjects were 8, 3, and 35. 

 Associations of dietary phytosterols in control subjects 
 The median total phytosterol intake of the whole cohort 

(n = 883) was 315 mg/day and was higher in men (337 mg/
day, range 82–851) than in women (237 mg/day, range 
26–501) ( P  < 0.001). After adjustment for energy intake, 
between-gender differences were blunted but still sig-
nifi cant (321 mg/day in men and 293 mg/day in women, 
 P  = 0.001).   Table 1    shows that phytosterol intake in control 
subjects was associated directly with both the male sex and 
total energy intake and inversely with age, but was unre-

was added to serum (0.1 ml) as internal standard. After alkaline 
hydrolysis, extraction, and derivatization to trimethylsilyl ethers, 
sterols were quantifi ed on a 30-m nonpolar capillary column 
(TRB-Esterol, Teknokroma, Barcelona) equipped with fl ame 
ionization detection in a Perkin-Elmer GC Autosystem TM  (Norwalk, 
CT) apparatus. Each run quantifi ed lathosterol, campesterol, 
and sitosterol. Noncholesterol sterols are expressed as ratios to 
cholesterol ( � g/mg cholesterol) because, like cholesterol, these 
molecules are transported exclusively in lipoprotein particles and 
their concentrations are altered by changes in carrier lipoprotein 
concentrations ( 2 ). Inter- and intra-assay coeffi cient variations 
were 5.0% and 3.2% for lathosterol, 1.9% and 1.6% for campes-
terol, and 2.0% and 1.8% for sitosterol, respectively. 

 Statistical analyses 
 Qualitative variables are expressed as numbers (percentage). 

Data for continuous variables are presented as mean ± SD. Phytos-
terol intakes and plasma levels of triglycerides and noncholesterol 
sterols had a skewed distribution and are presented as medians 
and interquartile ranges. Participants with more than 3 SDs from 
the mean of daily total energy intake were considered to have im-
plausible dietary data and excluded from further analysis. We cat-
egorized control subjects by tertiles of both dietary phytosterol 
intake and plasma phytosterol-to-cholesterol ratios and used 
ANOVA,  �  2 , and Kruskall-Wallis statistics, as appropriate, to calcu-
late tests for trend for cardiovascular risk factors. Pearson correla-
tion coeffi cients were constructed to test for relationships between 
intake of phytosterols and other dietary variables. Because phytos-
terol intake was strongly related to total energy consumption and 
showed age and gender differences, age-, gender-, and energy-
adjusted phytosterol values were used when examining associa-
tions with other dietary variables or plasma lipid values. 

 Unpaired  t -tests,  �  2  tests, or the Mann-Whitney test, as appro-
priate, were used for comparisons of variables between cases and 
controls. These statistical tests were two-tailed, and signifi cance 

 TABLE 1. Distribution of plasma lipids and noncholesterol sterol ratios by tertiles of total plant sterol intake in 
control subjects 

Characteristics Tertile 1 Tertile 2 Tertile 3  P a  

Plant sterol intake, mg/day  � 260.1 260.2–360.0  � 360.1

n 194 195 195
Sex, male (%) 109 (56) 166 (85) 180 (92) <0.001
Age, years 55.4 ± 7.6 53.7 ± 6.8 53.3 ± 7.1 0.008
Total energy intake, kJ/day 8,348 ± 2,522 10,191 ± 2,553 12,576 ± 2,918 <0.001
Plasma lipids, mmol/l
Total cholesterol
Unadjusted 5.68 ± 0.86 5.66 ± 0.91 5.67 ± 0.91 0.982
Adjusted  b  5.68 5.66 5.67 0.798
LDL-cholesterol
Unadjusted 3.62 ± 0.80 3.65 ± 0.84 3.73 ± 0.83 0.391
Adjusted  b  3.62 3.65 3.73 0.260
HDL-cholesterol
Unadjusted 1.46 ± 0.36 1.37 ± 0.34 1.32 ± 0.33 <0.001
Adjusted  b  1.46 1.37 1.32 0.077
Cholesterol/HDL ratio
Unadjusted 4.11 ± 1.13 4.38 ± 1.24 4.57 ± 1.43 0.002
Adjusted  b  4.11 4.38 4.57 0.058
Triglycerides  c  1.09 (0.82–1.49) 1.23 (0.84–1.62) 1.14 (0.87–1.66) 0.365
Plasma noncholesterol sterol-to-cholesterol ratios,  � mol/mmol
Lathosterol 1.59 (1.10–2.09  ) 1.63 (1.33–2.18) 1.68 (1.31–2.17) 0.378
Campesterol 1.43 (1.16–2.03) 1.57 (1.23–1.86) 1.73 (1.25–2.11) 0.125
Sitosterol 1.27 (0.96–1.75) 1.34 (1.09–1.85) 1.53 (1.18–1.87) 0.029

Values are mean ± SD or number (percentage). Triglycerides and noncholesterol sterol ratios are medians 
(interquartile ranges).

  a  P  for linear trend calculated by ANOVA,  �  2 , or Kruskall-Wallis statistics, as appropriate.
  b   Adjusted by sex, age, and energy intake.
  c   Measured in 356 fasting samples.
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secured that sex and age were comparable between cases 
and controls. Predictably, participants with incident CHD 
during follow-up had higher waist circumference and BMI 
and were more likely to smoke and have obesity, diabetes, 
hypertension, and hyperlipidemia than controls. Also, 
total cholesterol, LDL-cholesterol, and triglyceride levels 
were higher, and HDL-cholesterol was lower in cases than 
controls. apoE genotype frequency distribution and 
plasma noncholesterol sterol ratios were similar between 
the two groups. Intakes of total phytosterols and sitosterol, 
the main dietary noncholesterol sterol, were nonsignifi -
cantly lower in cases compared with controls. There were 
no case-control differences in energy or nutrient intake 
(data not shown). 

 Plasma phytosterols and CHD risk 
   Table 4   shows  the unadjusted and adjusted ORs for fu-

ture CHD by tertiles of plasma sitosterol- and campesterol-
to-cholesterol ratios explored via conditional regression. 
Because this analysis requires strict case-control matching, 
293 cases and 586 controls (33 used twice) were used by the 
model. The multivariable-adjusted risk for CHD was 41% 
lower in the highest plasma sitosterol-to-cholesterol tertile 
compared with the lowest tertile. The plasma campesterol 
ratios were not associated with the risk of CHD. 

 DISCUSSION 
 The results of this study in the prospective Spanish EPIC 

cohort suggest that elevated levels of plasma phytosterols 
are not associated with an increased risk of incident CHD. 

lated to plasma lipid levels after adjusting by sex, age, and 
energy intake. Plasma campesterol- and sitosterol-to-
cholesterol ratios increased across tertiles of phytosterol 
intake, but only the sitosterol increase was signifi cant ( P  = 
0.029). Sex-, age-, and energy-adjusted phytosterol intake 
was directly correlated ( P  < 0.001) with intake of vegetables 
( r  = 0.316), fruits ( r  = 0.475), legumes ( r  = 0.293), cereals 
( r  = 0.238), fi ber ( r  = 0.605), vegetable protein ( r  = 0.397), 
and polyunsaturated fatty acids ( r  = 0.269) and inversely 
correlated ( P  < 0.001) with intake of animal protein 
( r  = –0.185), saturated fatty acids ( r  = –0.282), and choles-
terol ( r  = –0.245). Intake of measurable phytosterol sub-
classes showed similar associations (data not shown). 

 Plasma phytosterols and risk factors in control subjects 
   Table 2   shows  the distribution of cardiovascular risk fac-

tors, plasma noncholesterol sterol ratios, and dietary 
phytosterol intake across tertiles of plasma sitosterol-to-
cholesterol ratios in the control group. Plasma sitosterol 
tertiles were associated directly with HDL-cholesterol levels, 
plasma campesterol-to-cholesterol ratios, and phytosterol 
intake and inversely with BMI, waist circumference, plasma 
glucose and triglyceride levels, cholesterol/HDL ratios, and 
lathosterol-to-cholesterol ratios. The total cholesterol level 
increased nonsignifi cantly with increasing plasma sitosterol. 
Tertiles of plasma campesterol-to-cholesterol ratios showed 
similar associations (data not shown). 

 Characteristics of CHD cases and matched controls 
 The baseline characteristics of assessable CHD cases (n = 

299) and controls (n = 584) are shown in   Table 3  .  Matching 

 TABLE 2. Distribution of cardiovascular risk factors and noncholesterol sterols by tertiles of 
plasma sitosterol-to-cholesterol ratios in control subjects 

Characteristics Tertile 1 Tertile 2 Tertile 3  P a  

Sitosterol-to-cholesterol ratio,  � g/mg  � 1.16 1.17–1.62  � 1.63

n 195 195 194
Age, years 60.8 ± 7.1 60.6 ± 7.8 59.7 ± 7.7 0.321
Male sex, n (%) 148 (75.9) 158 (81.0) 149 (76.8) 0.428
BMI, kg/m 2 30.2 ± 4.3 28.4 ± 3.0 27.5 ± 3.2 <0.001
Waist circumference, cm 102.3 ± 10.2 97.7 ± 9.2 95.1 ± 9.9 <0.001
Hypertension, n (%) 46 (23.7) 54 (27.7) 43 (22.2) 0.425
Fasting glucose, mmol/l  b  5.09 ± 1.93 4.57 ± 0.97 4.51 ± 0.88 0.002
Plasma lipids, mmol/l
Total cholesterol 5.67 ± 0.91 5.59 ± 0.84 5.74 ± 0.92 0.255
LDL-cholesterol 3.66 ± 0.82 3.61 ± 0.74 3.72 ± 0.91 0.417
HDL-cholesterol 1.30 ± 0.31 1.36 ± 0.32 1.48 ± 0.39 <0.001
Triglycerides  b  1.31 (0.93–2.09) 1.12 (0.84–1.52) 1.01 (0.78–1.36) <0.001
Cholesterol/HDL ratio 4.57 ± 1.23 4.31 ± 1.16 4.18 ± 1.41 0.009
apoE genotype, n (%) c 0.534
apoE2 15 (8.8) 13 (7.7) 15 (8.4)
apoE3 130 (76.0) 121 (72.0) 139 (78.1)
apoE4 26 (15.2) 34 (20.2) 24 (13.5)
Plasma noncholesterol sterol-to-cholesterol ratios,  � mol/mmol
Lathosterol 1.90 (1.35–2.36) 1.54 (1.21–1.96) 1.36 (0.99–1.78) <0.001
Campesterol 1.07 (0.92–1.26) 1.53 (1.34–1.74) 2.17 (1.83–2.62) <0.001
Total plant sterol intake, mg/day 286 (224–375) 315 (248–393) 317 (238–397) 0.041
Sitosterol 179 (141–227) 202 (156–245) 197 (149–253) 0.028
Campesterol 29 (22–36) 34 (24–42) 31 (25–40) 0.006

  a  P  value for linear trend calculated by ANOVA,  �  2 , or Kruskall-Wallis statistics, as appropriate.
  b   Measured in 356 fasting samples.
  c   Determined in 524 participants and classifi ed as apoE2 (E2/2+E2/3), apoE3 (E3/3), or apoE4 (E3/4+E4/4), 

with exclusion of seven subjects with the E2/4 genotype.
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tion in aortic valves obtained at surgery in patients with 
aortic stenosis. Silbernagel et al. ( 29 ) showed a weak asso-
ciation of plasma phytosterol ratios with increased severity 
of angiographically assessed coronary artery disease. Fi-
nally, recent data from a case-control study within the 
Framingham offspring cohort ( 30 ) suggest that elevated 
plasma phytosterols and concurrently decreased synthesis 
markers are associated with cardiovascular disease or ca-
rotid stenosis. It is clear that the topic of plasma phytos-
terols and cardiovascular risk is controversial. Our results 
agree with those of some recent studies ( 13–15 ) in suggest-
ing a lack of association and even a protective role of ele-
vated plasma phytosterol concentrations on risk of future 
CHD. 

 The median phytosterol intake (315 mg/day) in the 
EPIC-Spain cohort was similar to that previously reported 
from another Spanish population ( 23 ) and from the EPIC-
Norfolk study ( 16 ). However, it was slightly higher than 
that reported from a Swedish population study ( 17 ) and 
nearly 3 times higher than that described in the CORA 
study from Germany ( 14 ), which casts doubt on the reli-
ability of the phytosterol database used in that study. As 
previously reported ( 16, 17 ), the phytosterol content in 
the usual diet of EPIC-Spain participants correlated di-
rectly with consumption of healthy foods and nutrients, 
such as fruits and seeds, vegetable protein, fi ber, and poly-

Instead, the upper tertile of cholesterol-adjusted plasma 
sitosterol, the main dietary phytosterol, was inversely re-
lated to CHD risk both unadjusted and after controlling 
for various confounders. Furthermore, phytosterol intake 
with natural foods, a measure of healthy dietary choices, 
and HDL-cholesterol increased, and adiposity measures, 
cholesterol/HDL ratios, and levels of fasting glucose, tri-
glycerides, and lathosterol, a cholesterol precursor, de-
creased across plasma sitosterol tertiles. Our results suggest 
that plasma phytosterols are a marker of a healthy diet and 
a lower cardiometabolic risk and are thus associated with a 
reduced risk for CHD. 

 The controversy on whether raised plasma phytosterols 
are a CHD risk factor in nonsitosterolemic individuals has 
been fed by the inconsistent fi ndings of epidemiological 
studies ( 9–15 ). Other contradictory evidence has been 
presented recently. An investigation from the Dallas Heart 
Study showed no relationship between plasma phytosterols 
and a surrogate marker for CHD, namely, coronary 
calcium scores measured by electron beam computed 
tomography ( 26 ). Miettinen et al. ( 27 ) reported an asso-
ciation between raised plasma phytosterol levels and in-
creased phytosterol content of surgically removed carotid 
plaques, while Weingärtner et al. ( 28 ) showed that con-
sumption of phytosterol-enriched margarine correlated 
with increased plasma concentrations and tissue deposi-

 TABLE 3. Baseline characteristics of CHD cases and matched control subjects 

Variables Cases (n = 299) Controls (n = 584)  P a  

Age, years 54.1 ± 7.2 54.3 ± 7.3 0.768
Men, n (%) 236 (78.9) 455 (77.9) 0.728
Smoking, n (%)
Never 90 (30.1) 247 (42.3)
Past 65 (21.7) 140 (24.0)
Current 144 (48.2) 197 (33.7) <0.001
BMI, kg/m 2 29.6 ± 3.7 28.7 ± 3.7 0.001
Waist circumference, cm 100.5 ± 9.8 98.3 ± 10.2 0.003
Obese, n (%) 122 (40.8) 176 (30.1) 0.002
Hypertension, n (%) 106 (35.5) 143 (24.5) 0.001
Type 2 diabetes, n (%) 41 (13.7) 39 (6.7) 0.001
Hyperlipidemia, n (%) 120 (40.3) 142 (24.3) <0.001
Fasting glucose, mmol/l  b  5.18 ± 1.60 4.72 ± 1.37 0.001
Total cholesterol, mmol/l 6.11 ± 0.95 5.70 ± 0.89 <0.001
LDL-cholesterol, mmol/l 4.07 ± 0.90 3.66 ± 0.82 <0.001
HDL-cholesterol, mmol/l 1.27 ± 0.38 1.38 ± 0.35 <0.001
Triglycerides, mmol/l  b  1.39 (1.06–2.02) 1.14 (0.84–1.59) <0.001
Cholesterol/HDL ratio 5.16 ± 1.48 4.36 ± 1.28 <0.001
apoE genotype, n (%)  c  
apoE2 17 (6.4) 43 (8.3) 0.513
apoE3 201 (75.3) 390 (75.4)
apoE4 49 (18.4) 84 (16.2)
Total dietary plant sterols, mg/day 287 (227–372) 309 (234–386) 0.144
Campesterol, mg/day 30 (23–39) 31 (23–40) 0.517
Sitosterol, mg/day 178 (144–231) 192 (148–241) 0.100
Plasma noncholesterol sterol-to-cholesterol ratios,  � mol/mmol
Lathosterol 1.54 (1.24–2.06) 1.57 (1.15–2.06) 0.657
Campesterol 1.47 (1.18–1.94) 1.53 (1.19–1.97) 0.360
Sitosterol 1.29 (0.98–1.68) 1.36 (1.03–1.77) 0.087

Values are mean ± SD or number (percentage). Triglycerides and noncholesterol sterol ratios are medians 
(interquartile ranges).

  a   Unpaired  t -test,  �  2 , or Mann-Whitney test, as appropriate.
  b   Measured in 540 fasting samples (184 cases and 356 controls).
  c   Determined in 808 participants and classifi ed as apoE2 (E2/2+E2/3), apoE3 (E3/3), or apoE4 (E3/4+E4/4), 

with exclusion of 10 subjects with the E2/4 genotype.
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 An additional factor that infl uences plasma phytosterol-
to-cholesterol ratios is statin treatment ( 7, 36 ), a reason why 
statin users were excluded from the analyses. Finally, the 
plasma sitosterol and campesterol ratios to cholesterol were 
in the same physiological range as reported in previous 
studies ( 9–15, 30 ), strengthening the reliability of our data. 

 This study has limitations. The observational design 
does not exclude the possibility that potential confound-
ers could have infl uenced the associations observed. Cases 
and controls were matched for gender, age, and time of 
recruitment, but not for cardiovascular risk factors. Al-
though we controlled for factors known to be associated 
with cholesterol homeostasis and CHD risk in the multi-
variate analyses, we cannot exclude the infl uence of un-
measured confounders. Second, only a single measure of 
dietary exposure and risk factor status at baseline was avail-
able; therefore, changes in diet and other lifestyle variables 
that might have infl uenced CHD risk throughout the  � 10 
year follow-up were not accounted for. Finally, it could be 
argued that the fi ndings are specifi c for the Mediterra-
nean cohort studied, but the similarity of plasma noncho-
lesterol levels with those reported in epidemiologic studies 
from the US ( 9, 26, 30 ), Finland ( 10 ), Germany ( 11, 12, 
14 ), the UK ( 13 ), and The Netherlands ( 15 ) suggests that 
they may be generalized to other populations. 

 In conclusion, circulating phytosterols are unrelated to 
the risk of incident CHD in the prospective cohort of the 
Spanish EPIC study. They are also indicative of an effi cient 
intestinal cholesterol absorption, which only marginally 
raises total cholesterol levels but is strongly and inversely 
related to features of the metabolic syndrome. Plasma con-
centrations of the main phytosterols, sitosterol and campes-
terol, appear to be markers of a lower cardiometabolic 
risk. These results suggest that moderately elevated plasma 
sitosterol, but not campesterol, might signal individuals 
with a reduced risk for CHD. However, taking into consid-
eration all the epidemiological studies dealing with this 
topic ( 9–15, 26–31 ), we still cannot answer the important 
question of whether circulating phytosterols are proathero-
genic, antiatherogenic, or neutral.  

 The authors thank the participants of the Spanish EPIC cohort 
for their contribution to the study. 

unsaturated fatty acids and inversely with intake of un-
healthy diet components, such as animal protein, saturated 
fatty acids, and cholesterol. Cholesterol-adjusted plasma 
sitosterol levels were weakly associated with phytosterol in-
take. In the absence of supplementation with phytosterol-
enriched foods, not commercially available in Spain at the 
time the EPIC cohort was recruited in 1992–1996, this 
fi nding suggests that plasma phytosterol levels are related 
in part to phytosterol intake with the usual diet, which in 
turn refl ects healthy food choices. 

 Besides diet, other factors may infl uence plasma phy-
tosterol levels (see review in Ref.  7 ). The apoE genotype 
has been studied in this regard because circulating phy-
tosterols are markers for cholesterol absorption, and apoE 
plays a major role in lipid transport, but fi ndings have 
been inconsistent ( 7 ). In this study, apoE variants were 
unrelated to plasma phytosterols. We did not investigate 
variability at the ABCG5/8 gene loci, a potent heritable 
factor infl uencing phytosterol levels ( 31 ). An additional 
factor and an important one determining circulating lev-
els of noncholesterol sterols is adiposity. Recent work by 
Miettinen and colleagues ( 32–35 ) has shown that insulin 
resistance states, such as obesity, the metabolic syndrome, 
and type 2 diabetes, are associated with increased choles-
terol synthesis (i.e., high plasma lathosterol-to-cholesterol 
ratios) and reduced cholesterol absorption (i.e., low 
plasma sitosterol-to-cholesterol ratios). When obese dia-
betic subjects underwent weight reduction, their choles-
terol synthesis decreased while absorption increased ( 35 ). 
Indeed, there is evidence that a synergy exists whereby 
changes in cholesterol synthesis result in an opposite re-
sponse of cholesterol absorption to maintain cholesterol 
homeostasis ( 36 ). Concurring with these concepts, our 
results show that adiposity, fasting glucose, triglycerides, 
and the cholesterol synthesis marker lathosterol decreased 
across tertiles of plasma sitosterol ratios. As measures of 
the effi ciency of sterol absorption, plasma sitosterol ratios 
were associated with nonsignifi cant increases of the total 
cholesterol level. However, because HDL-cholesterol in-
creased proportionately to a greater extent, the choles-
terol/HDL ratio was lower. Thus, increased plasma 
phytosterols signaled leaner individuals with a lower over-
all cardiometabolic risk. 

 TABLE 4. ORs (95% confi dence intervals) for incident CHD across tertiles of plasma phytosterol to cholesterol ratios 

Cases No. (%) Controls No. (%) Unadjusted OR

Adjusted OR

Model  a   Model  b  

Sitosterol-to-cholesterol ratio

 � 1.14 109 (37.2) 168 (30.4) 1 1 1
1.15–1.59 100 (34.1) 185 (33.5) 0.834 (0.585–1.188) 0.904 (0.576–1.419) 0.921 (0.575–1.475)
 � 1.60 84 (28.7) 200 (36.2) 0.645 (0.450–0.927) 0.758 (0.395–1.003) 0.592 (0.363–0.965)

 P  for trend 0.018 0.047 0.032
Campesterol-to-cholesterol ratio
 � 1.29 103 (35.2) 174 (31.5) 1 1 1
1.30–1.78 102 (34.8) 181 (32.7) 0.933 (0.655–1.327) 1.084 (0.699–1.680) 1.046 (0.658–1.661)
 � 1.79 88 (30.3) 198 (35.8) 0.720 (0.500–1.036) 0.898 (0.568–1.420) 0.763 (0.464–1.254)

 P  for trend 0.076 0.643 0.285

  a   Adjusted by smoking, BMI, diabetes, hypertension, total cholesterol, HDL-cholesterol, and apoE genotype.
  b   Additionally adjusted by intake of energy, protein, fi ber, saturated, monounsaturated and polyunsaturated fatty acids, alcohol, cholesterol, and 

plant sterols.
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