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ABSTRACT

Background and Aims: A well-balanced diet is the first line treatmemthiyperlipidemia.

The objective was to study the association betveeetnm phytosterols and dietary patterns to
use them as surrogate markers of dietary complisngemary dyslipidemias.

Methods: 288 patients with primary hyperlipidemias (192 aotmal dominant
hypercholesterolemia (ADH) and 96 familial combirggberlipidemia (FCHL)) were
included. Principal factor analysis identified 2joralietary patterns using a 137-item food
frequency questionnaire. “Vegetable & Fruits pattevas characterized by higher intake of
of fruits, green beans, nuts, tomatoes, roastémited potatoes, lettuce and chard and lower
of processed baked goods, pizza and beer. “Wegtttern” was positively characterized by
hamburgers, pasta, sunflower oil, rice, chickpedmle milk, veal, red beans and negatively
with white fish. Serum non-cholesterol sterols weegermined by HPLC-MS/MS.

Results: Plant sterols to-total cholesterol (TC) levels eviwer with a higher adherence to a
“Vegetable & Fruits patternR = 0.009), mainly in ADH subjects {R 0.019). Their
concentration was greater with higher complianc&\estern pattern” especially in FCHE (
= 0.014). Higher levels of synthesis markers towith a greater adherence to “Vegetable &
Fruits pattern” was found®(= 0.001) (R = 0.033 and R= 0.109 in ADH and FCHL
respectively).

Conclusion: In subjects with primary dislipidemia, dietary fgahs associate with serum
absorption and synthesis markers, but no with lguidcentrations. The influence of diet on

non-cholesterol sterols levels is not powerful egioto use them as subrogate markers.

KEYWORDS

Plant sterols, phytosterols, familial hyperlipidesiidietary patterns, dietary compliance.
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INTRODUCTION

The strong relationship between plasma cholestardIcardiovascular disease (CVD), the
leading cause of mortality in the world, is weltapted [1,2]. Lifestyle behavioural changes,
including dietary modifications, increased physi@etivity and weight loss in overweight or
obese patients, are the first-line option treatnmehiypercholesterolemias. This is also
reflected in the National Cholesterol EducationgPam (NCEP) dietary guidelines for the
prevention of CVD recommending a healthy dietarnygua rich in monounsaturated fatty
acids provided by plant sources, fruits, vegetabig®le grains, and low-fat dairy products
and low in saturated fatty acids and cholesterpl [3

Dietary assessment is important in the followinmef the patients so as to identify
“unhealthy” dietary habits to promote adherenckdalthier dietary patterns. Dietary
questionnaires such as food frequency questiommadehour recalls or food records are
commonly used to assess dietary intake, howeveh, siethods come with limitations as
reliance on memory, misreporting and should beidensd when evaluating nutrition
behaviours [4,5]. Subrogate parameters which cobjélctively evaluate dietary compliance
would be very useful both in epidemiological stdéed in clinical practice.

Serum levels of phytosterols, commonly known ast@éerols, and cholestanol are
positively correlated with cholesterol absorptiow a@heir ratios to cholesterol (relative
concentrations) are considered to be reliable nnarddeintestinal sterols absorption efficiency
[6,7]. Serum phytosterols are only partially departdo their amount in the diet although this
association has not been studied in subjects withapy dyslipidemias who show an
abnormal cholesterol homeostasis [8,9].

Dietary pattern analysis has emerged as an alteerggtproach to examine the
relationship between diet and the risk of chromsedses; conceptually, dietary patterns

provide a broader picture of food and nutrient comgtion, and may thus be more predictive
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of disease risk than individual foods or nutrigit3,11]. The aim of the study was to examine
the association between serum phytosterols lewelgigetary patterns in primary
dyslipidemias by proposing them as surrogate mar&kdietary compliance in patients with

primary dyslipidemias.

MATERIALSAND METHODS

Study population

Patients attending to the Lipid Unit of the Hosplaiversitario Miguel Servet (Zaragoza,
Spain) from January 2011 to September 2012 weraited. 288 subjects with familial
hypercholesterolemias were recruited as part @neetic and metabolic wider study whose
study details has been already published elseWh2telnclusion criteria were being over 18
years of age and the presence of familial hypeldipiia by including autosomal dominant
hypercholesterolemia (ADH) and familial combinegbéslipidemia (FCHL). ADH was
diagnosed in subjects with off-treatment LDL chidesl levels above the age- and sex-
specific 98" percentile of a Spanish reference populationlytigide below 200 mg/dL and
familial vertical transmission with at least onesfidegree relative with LDL cholesterol
above age- and sex-specifi¢9sercentiles. The diagnosis of FCHL was based en th
presence of primary combined hyperlipidaemia irreated patients whose serum cholesterol
and triglyceride concentrations were above the aeg-age-specific 90th percentiles for the
Spanish population, serum total apolipoprotein\le> 120 mg/dL and there was at least
one first-degree relative with hyperlipidemia (tatholesterol (TC) and/or triglycerides >90th
percentile) [13]. Secondary causes of hyperlipidageg. body mass index (BM#t)30

kg/m?, alcohol intake over 30 gr. and 20 gr. in men andhen respectively) and subjects

with plant sterols supplements intake were exclutiédtten informed consent was obtained
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by all study participants. The study protocol wppraved by the Ethical Committee of our
Institution (Comité Etico de Investigacion Clinida Aragon).

Clinical and laboratory determination

Clinical parameters obtained included anthroporoetieasures (weight, height and waist
circumference) and blood pressure. BMI was caledl&iveight in kg. divided by the square
of height in meters) and all subjects were assefssguersonal and/or family history of early-
onset coronary heart disease, clinical historyatob consumption and demographic
characteristics by a personal interview.

Fasting blood was drawn following at least 4 weakbout lipid-lowering drugs
treatment. Cholesterol, triglycerides, HDL cholestandy-glutamyl transpeptidase (GGT)
were measured by spectrophotometry with standargneatic methods. LDL cholesterol was
estimated with the Friedewald formula when serugtyterides were <400 mg/dL. Non-
HDL cholesterol was calculated as TC minus HDL ebktdrol. Apolipoprotein B,
lipoprotein(a), and C-reactive protein (CRP) weetednined by nephelometry using
IMMAGE-Immunochemistry System (Beckman Coulter).

Dietary assessment

Dietary intakes were determined using an intervreagministered 137-item food frequency
questionnaire (FFQ). One registered dietician (RMp&formed the interviews. More details
of the FFQ validity, which has been previously ugedtudy other diet-disease association
including plant sterols, could be found elsewhére 16]. Food and nutrient intakes were
calculated as frequency x nutrient compositionpaicfied portion sizes, where frequencies
were measured in 9 categories (never, 1-3 timesrdhml time a week, 2-4 times a week, 5-
6 times a week, 1 time a day, 2-3 times a daytifhés a day and > 6 times a day) for each
food item. The total energy and nutrients intakesexcalculated based on previously

validated Spanish food composition tables [17]. Whessible and applicable, the 137 foods



121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

were grouped into categories based on similartiangl values. Food items (N = 18) with
low prevalence of consumption (less than 15%) weteconsidered in the final analysis (N =
119) to avoid possible bias in the dietary pattealsulation.

Serum non-cholesterol sterols deter mination

Serum non-cholesterol sterol concentrations weatyaad by high performance liquid
chromatography tandem mass spectrometry (HPLC-M$[W85. Briefly, ([°He] cholesterol-
26,26,26,27,27,27 D6) (4g/g) was added to serum (0.1 ml) as the interaaldstrd. After
alkaline hydrolysis, extraction and solid phaseaetton, the sterols were separated using
reverse-phase C18 HPLC. A gDaliquot of the extract (100% 2-propanol) was leddnto a
RP-HPLC column (Zorbax Eclipse Plugs@.1 x 150 mm, 3,5 um patrticle; Agilent, Spain)
equipped with a guard column =4 x 2,5 mm). The HPLC (Agilent 1200RRLC) was
coupled to a 4000 QTrap triple quadrupole ion tregss spectrometer (Applied Biosystems,
Foster City, CA) through an APCI by Heated Nebuli@arbo VTM Source). In each run,
cholestanol, campesterol, sitosterol, sitostandlssigmasterol were quantified.

Statistical analysis

Statistical analysis was performed using SPSS softwersion 15.0 (Chicago, lllinois, USA)
using a significance level &f <0.05.

Data are expressed as means + standard deviairigScontinuous variables with
normal distribution and medians (percentile 25 regmtile 75) for variables with a skewed
distribution. Student-t or Mann-Whitney tests wased accordingly. Categorical variables
were compared using a chi-square test. ANOVA angkal-Wallis tests were performed to
multiple independent variables comparison. Non-e$ielrol sterols levels were adjusted by
those variables which have been shown more inflalentits concentration: age, gender,
BMI and APOE genotype [19]. PCA with varimax rotetiwas used to derive dietary patterns

based on the 61 foods or food groups [10,20,214.fahtors were rotated by an orthogonal
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transformation (resulting in uncorrelated factacsaichieve a simpler structure with greater
interpretability. In determining the number of fa to retain, we considered components
with an eigenvalue >1, the Scree test and thepretability of the factors. The factor score
for each pattern was constructed by summing obdeantakes of the component food items
weighted by factor loadings so each subject hambeedor each dietary pattern with a higher
score indicating higher adherence to the respeptttern [22]. Factor loadings quintiles
were calculated for each different dietary patteratudy the association with non-cholesterol

sterols levels.

RESULTS

The study group was composed of 288 subjects (48%9,rof whom 192 were diagnosed
with ADH and 96 subjects with FCHI.able 1 presents the main clinical and biochemical
characteristics by dyslipidemia type. The FCHL grévad a higher percentage of men (65.6%
vs. 39.8%P = < 0.001), smokers (35.4% vs. 22.5% in FCHL amHAespectivelyP =

0.048), had higher BMI (26.3+£2.12 vs. 24.3£2.7%@®HL and ADH respectivel\p < 0.001)
and waist circumference (93.2+8.14 vs. 84.0+10.5iorRCHL and ADH respectively <
0.001) than AHD group. Regarding biochemical patanse patients diagnosed with ADH, as
expected, showed higher levels of LDL choleste2@B((198-250) vs. 204 (181-228) mg/dL
in ADH and FCHL respectivel\? < 0.001), HDL cholesterol (56.0 (45.3-68.0) vs.%41
(36.3-52.8) mg/dL in ADH and FCHL respectivel/< 0.001) and apolipoprotein A1
(158+35.1 vs. 143+28.1 mg/dL in ADH and FCHL redpegy, P < 0.001) and lower values
of triglycerides (95.5 (77.0-131) vs. 246 (194-38®)/dL in ADH and FCHL respectivel,

< 0.001). Adjusted non-cholesterol sterols coneiutins and their ratios to TC by type of
dyslipidemia are shown ihable Supplementary 1. In general, the ADH group had higher

levels of non-cholesterol sterols which have besal#ished as absorption markers such as
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cholestanol, desmosterol and campesterol espewdhytheir ratios to TC. FCHL group
showed higher concentrations of cholesterol symhearkers particularly of lanosterol
concentration.

Factor analysis (principal components) to derivataty patterns based on the 61 foods
or food groups were performed and 1 major and npatterns (accounting for 18.8% of the
variance) were identified. Thus, we extracted 2dicin the final model whose factor-
loading matrixes are presentedliable 2. The larger the loading of a given food item te th
factor, the greater the contribution of that fotan to a specific factor. The first factor was
positively correlated with consumption of orandesnanas, apples, green beans, nuts,
tomatoes, roasted or boiled potatoes, lettuce hadiovhilst negatively with processed baked
goods, pizza and beer. The second factor was |Igaakgtively with hamburgers, pasta,
sunflower oil, rice, chickpeas, whole milk, veadrbeans and negatively with white fish.
Components were named as “Vegetable & Fruits digiattern” and the second as “Western
dietary pattern”, which explained 6.85% and 4.1Z%he total diet variance respectively. The
two other minor patterns that were identified dad appear to represent a clear dietary pattern
and analyses did not suggest a significant associbetween these patterns and non-
cholesterol sterols (data not shown).

Subjects characteristics across quintiles of digtatterns (“Vegetable & Fruits
dietary pattern” and “Western dietary pattern”)resoare described ihable Supplementary
2 andTable Supplementary 3 respectively. Those subjects with a higher scoréhe
“Vegetable & Fruits dietary pattern” were more liké be older, have a higher intake of
energy, total fat, phytosterols, fiber and lowerbochydrates consumption. The percentage of
men was higher in the lowest quintile althoughralescy across quintiles was not observed.
Regarding “Western dietary pattern”, those subjedtis a higher adherence were younger

and presenting an upper intake of energy, carbalgslr cholesterol and lower of
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monounsaturated fat consumption. Significant dififexes were found across quintiles in
protein and phytosterols intake although a cleaddéacy was not found. A higher percentage
of smokers was found in the highest quintile of ‘8téen dietary pattern” compliance.

The association of non-cholesterol sterols witttaty patterns is describedTiable 3
and4 (“Vegetable & Fruits dietary pattern” and “Westelietary pattern” respectively).
Those subjects with a higher adherence to the “¥abie & Fruits dietary pattern” showed
lower levels of adjusted absorption (phytosterol3-€) markers compared to those with
lower adherence (2.59 (2.44-2.88) x*Ifig/dL in Q1 versus 2.48 (2.30-2.61) x“i@g/dL in
Q5,P =0.009 in all subjects). This was mainly notedtigmasterol-to-TC (0.42 (0.36-0.43)
x 102 mg/dL in Q1 versus 0.40 (0.34-0.42) Xx“g/dL in Q5,P = 0.002 in all subjects) and
sitosterol-to-TC (1.65 (1.57-1.87) x #@ng/dL in Q1 versus 1.60 (1.51-1.68) X“Mg/dL in
Q5,P =0.044 in all subjects). This tendency was madtigerved in subjects diagnosed with
ADH. Cholestanol-to-TC levels did not show a cleardency across quintiles, which was not
statistically significant in any of both dyslipidés. The concentration of adjusted synthesis-
to-TC (lanosterol and desmosterol) increased ackmgetable & Fruits dietary pattern”
score quintiles which was observed both in ADH BnBCHL (0.70 (0.67-0.75) x T®mg/dL
in Q1 versus 0.75 (0.71-0.80) x4énhg/dL in Q5,P = 0.001 in all subjects). Regarding
“Western dietary pattern”, those subjects withghkr adherence were likely to have higher
levels of adjusted absorption (phytosterols-to-f@ykers compared to those in the lowest
(2.39 (2.27-2.55) x IOmg/dL in Q1 versus 2.54 (2.40-2.71) xg/dL in Q5,P = 0.012 in
all subjects) although the trend was not fully clées in the first dietary pattern, this effect
was mainly present in campesterol-to-TC (0.39 (@28.) x 10 mg/dL in Q1 versus 0.40
(0.38-0.46) x 18 mg/dL in Q5,P = 0.042 in all subjects), stigmasterol-to-TC (0(B85-

0.41) x 10 mg/dL in Q1 versus 0.41 (0.35-0.42) X“fg/dL in Q5,P = 0.022 in all

subjects) and sitosterol-to-TC levels (1.56 (1.4861x 10° mg/dL in Q1 versus 1.62 (1.51-
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10

1.81) x 10 mg/dL in Q5,P = 0.037 in all subjects). FCHL group had more Higant
differences among quintiles, mainly comparing tighast quintile vs. the lowest one, but the
trend was unclear. The adjusted levels of the ggmdimarkers levels were likely to be lower
in those subjects with higher scores for “Westaetady pattern” but no significant
differences were found.

Regression analysis showed that “Vegetable & &uigtary pattern” adherence was
significantly associated to absorption markersepwhdently of age, BMI, gender aABOE
genotype, only in ADH subjects (standarized B 456;P = 0.030) by determining a 1.9% of
the variance. The compliance to this pattern wdspendently associated to synthesis
subrogate markers in ADH and FCHL (standarized®195;P = 0.007 and standarized B =
0.345;P = 0.001 respectively) by determining a 3.3% an®%dof levels variance in each
case. No significant influence of “Western dietpagtern” compliance in non-cholesterol

sterols was founded.

DISCUSSION

The results derived from the present study reveslthere is an influence of diet on non-
cholesterol sterols levels although the associasiamt strong enough to consider them as
potential subrogate markers of healthy diet cornpka These data agree with previous
studies which have stated the diet influence oarsgrlant sterols levels concentration, not
only with phytosterols intake but with other nufvig too, such as the ratio of
polyunsaturated/saturated fatty acids [6]. Howethez influence of regular dietary
phytosterols intake on circulating plant sterold anplant sterol-to-TC ratios has been
estimated in 4.03% and 3.59% respectively in gémpenaulation but no data were available
for subjects with familial dyslipidemias [19]. Otlngse, the high intake of phytosterols, as

supplements, is associated with a marked increaserum plant sterols concentration

10
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[19,23]. According to our data, healthy diet (“Végjde & Fruits dietary pattern” with a
moderate-high intake of plant sterols) compliamzipendently influence non-cholesterol
sterols, mainly in ADH. These levels variance ekpd by the dietary adherence is around
1.9% in absorption subrogate markers and 3.3% aré®d (ADH and FCHL respectively) in
synthesis subrogate markers. Despite having arthljistary patterns beyond of isolated
nutrients, the influence is not strong enough &ed tusefulness as subrogate markers of
dietary adherence does not seem to be useful.

A clear association of lipid parameters and athgalietary adherence was not found
in any of both dyslipidemias. Thus, in hon obedgextts with primary dyslipidemias, the
effect of diet on lipid metabolism seems to be lowcontrast with the substantial
improvement of lipid profile with weigh loss ancetiry habits enhancement in obese
subjects with FCHL that has been previously prd&24]. Given that non-cholesterol
sterols, both absorption and synthesis markergya@rearkedly influenced by diet in non
obese subjects with primary dyslipidemias, theyldde more useful for the study of the
pathogenic mechanism of the lipoprotein disordeipraviously proposed [25].

The inverse association of cholesterol absorpiibh synthesis has been well
established in general population and our dataircorthis relationship also in subjects with
primary dyslipidemias. An increase in cholesteyoitkesis by the liver occurs when
intestinal cholesterol absorption diminishes duartancrease in phytosterols intake [7,26].
An unexpected finding in our study was that thadgects with a high adherence to a healthy
diet, rich in vegetables, fruits and phytosterbks] lower plasma plant sterols levels than
those subjects with a lower adherence. At the danee an increase in cholesterol synthesis
markers was also observed with a higher adherehtzhwas especially evident in ADH
subjects. We hypothesize that a compensatory merhamuld be the responsible for the

reduction of serum plant sterols levels when areiase of a healthy diet (“Vegetable & Fruits

11
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dietary pattern”) adherence. It maybe possibleith#tose patients following a healthy diet
the excretion of phytosterols to the bile wouldh®eased by compensating the
augmentation of those in the serum whereas thestawbl neosynthesis in the liver would
raise, as previously described by Krawczyc M. einafjallstone disease [27]. Because of this
compensatory mechanism, no differences in the stesl@ levels across quintiles of dietary
adherence are observed despite of a better digiighdr intake of phytosterols. These data
reinforces the primary cause of the hypercholeleria in the studied subjects and explains
the poor response to diet modification in some gleimgpercholesterolemias as previously
reported [28,29]. Most of our ADH subjects had feahhypercholesterolemia with a
pathogenic mutation in the LDLR, a group of sulgesith a very limited response to a lipid
lowering diet due to the mechanism of their diselseontrast, the lipid profile of subjects
with FCHL is highly dependent of environmental tast especially to weight gain. However,
cholesterol synthesis, the main pathogenic fact®&tGHL, is poorly modified by diet in
absence of weight loss, in contrast with triglydes synthesis [30].

The study has several limitations such as the sissad of food intake based on
subjective self-reports although we have not stlidigtrients or foods by separate but dietary
patterns which represent better and more reattstioverall diet and represent a broader
picture of dietary habits which constitute strengtlthe present study. Subjective decisions
on the number of patterns to be extracted were rhasled on empirical guidelines rather than
on an exact quantitative solution and this shoel@ddnsidered as another study limitation.

In conclusion, the influence of diet on non-chadest sterols concentration is neither
completely clear nor sufficiently powerful and aal tendency was not observed in patients
with primary dyslipidemias. Thus, the usefulnesseum plant sterols levels as subrogate

makers of dietary adherence have to be reconsidered

12
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Table 1. Factor loading matrix for the two majoetdiry patterns identified.

“Vegetable & fruit “Western
dietary pattern”  dietary pattern”
Oranges 0.755
Bananas 0.683
Apples 0.651
Green beans 0.428
Nuts 0.426
Tomatoes 0.416
Roasted or boiled potatoe 0.367
Lettuce 0.330
Chard 0.305
Processed baked goods -0.301
Pizza - 0.395
Hamburguers 0.526
Pasta 0.518
Sunflower oil 0.515
Rice 0.488
Chickpeas 0.460
Whole milk 0.366
Veal 0.319
White fish -0.334
Beer - 0.327
Red beans 0.329

®Absolute values < 0.30 were not listed in the tdbiesimplicity. Food items with factor

loadings < 0.30 for any factor were excluded.



Table 2 Clinical and biochemical characteristics of sulgemtcording to clinical

diagnosis?

ADH FCH
N= 192 N = 96 P

Males, n (%) 76 (39.8) 63 (65.6) <0.0011
Age, years 44.2+12.3 46.0+£11.3 0.208
Tobacco consumption, n (%)

Smoker 43 (22.5) 34 (35.4)

Former smoker 53 (27.7) 26 (27.1) 0.048

Non smoker 95 (49.7) 36 (37.5)
Diabetes, n (%) 0 (0) 1(2) 0.333
Hypertension, n (%) 27 (14.1) 12 (12.5) 0.433
Systolic blood pressure, mm Hg 127 (119-135) 12B{141) <0.001
Diastolic blood pressure, mm Hg  80.0 (70.0-85.0) .5827.3-90.0) <0.001
Body mass index, kg/m 24.3+2.79 26.3+2.12 <0.001
Waist circumference, cm 84.0+10.5 93.2+8.14 <0.001
Metabolic syndrome, n (%) 22 (11.5) 50 (52.1) <00.0
Total cholesterol, mg/dL 309+48.3 299+44.1 0.106
HDL cholesterol, mg/dL 56.0 (45.3-68.0 41.5 (36238) <0.001
Non HDL cholesterol, mg/dL 239 (218-271) 246 (2Z&Bp 0.252
LDL cholesterol, mg/dL 219 (198-250) 204 (181-228) <0.001
Triglycerides, mg/dL 95.5 (77.0-131) 246 (194-382) <0.001
Apolipoprotein A1, mg/dL 158+35.1 143+28.1 <0.001
Apolipoprotein B, mg/dL 161+33.7 168+31.6 0.104
Lipoprotein(a), mg/dL 27.9 (13.6-59.2 24.3 (7.600 0.193
C reactive Protein, mg/L 1.50 (0.60-3.40) 2.35013163) 0.009
GGT, IU/L 19.5 (15.0-29.0) 30.0 (19.0-46.0)  <0.001
Glucose, mg/dL 87.8+10.2 92.9+11.1 <0.001
HbAlc, % 5.20 (5.00-5.40) 5.30 (5.10-5.50) 0.033

®Values are mean * standard deviation or mediarc¢péite 25-percentile 75) as

applicable.



Table 3. Adjusted non-cholesterol sterols-to-totallesterol levels among quintiles of “Vegetabl&&its dietary pattern” scorés.

Cholestanol-to-TQ Stigmasterol-to-TIGCampesterol-to-TCQ Sitosterol-to-TC maSrli/g::(tacs)ﬁ'@ Phé[/;[)c_)itgrols-
Q1 0.60 (0.56-0.63)|  0.42 (0.40-0.43 0.41 (0.38p.4 1.68 (1.61-1.90)| 0.71 (0.66-0.74) 2.62 (2.5M®P.9
Q2 0.61 (0.58-0.64)|  0.36 (0.35-0.41 0.40 (0.3%p.4 1.58 (1.48-1.68)] 0.70 (0.65-0.76) 2.45 (2.2BR.6
ADH Q3 0.62 (0.58-0.65)|  0.36 (0.35-0.42 0.40 (0.3%P.4 1.57 (1.50-1.74)] 0.70 (0.66-0.75) 2.44 (2.2%2.[7
N =192 Q4 0.62 (0.58-0.67)|  0.40 (0.35-0.42 0.40 (0.3GD.4 1.60 (1.53-1.79)| 0.72 (0.66-0.78) 2.48 (2.34p.7
Q5 0.60 (0.87-0.65)|  0.40 (0.34-0.42 0.39 (0.36:D.4 1.60 (1.54-1.68)| 0.75(0.70-0.70) 2.48 (2.3112.6

p 0.561 0.005 0.087 0.009 0.031 0.009
Q1 0.57 (0.53-0.60)|  0.42 (0.35-0.52 0.38 (0.35:D.4 1.60 (1.47-1.87)] 0.70 (0.68-0.75) 2.52 (2.2622.8
Q2 0.58 (0.56-0.61)|  0.41 (0.35-0.42 0.36 (0.3HP.4 1.60 (1.49-1.65)| 0.74 (0.69-0.7F) 2.51 (2.3042.5
FCHL Q3 0.59 (0.57-0.61)|  0.36 (0.35-0.41 0.39 (0.3BP.4 153 (1.41-1.64)] 0.73(0.69-0.77) 2.29 (2.1%p.5
N =96 Q4 0.58 (0.55-0.63)|  0.41 (0.38-0.47 0.37 (0.34p.4 1.62 (1.56-1.82)| 0.77 (0.72-0.78) 2.56 (2.38:2.8
Q5 0.58 (0.55-0.59)|  0.40 (0.35-0.43 0.36 (0.38D.3 1.61 (1.44-1.69)| 0.77 (0.72-0.70) 2.45 (2.2%.6

p 0.303 0.220 0.301 0.441 0.018 0.252
Q1 0.58 (0.54-0.61)|  0.42 (0.36-0.43 0.40 (0.3BD.4 1.65 (1.57-1.87)] 0.70 (0.67-0.75) 2.59 (2.448p.8
Q2 0.61(0.58-0.63)|  0.40 (0.35-0.41 0.39 (0.3@p.4 1.59 (1.49-1.66)| 0.71(0.66-0.7F) 2.47 (2.30¢25
All subjects| Q3 0.61 (0.58-0.64) 0.36 (0.35-0.42 0.40 (0.38P.4 1.57 (1.48-1.65)| 0.71(0.67-0.75) 2.44 (2.27P.5
N = 288 Q4 0.62 (0.57-0.65)|  0.40 (0.35-0.42 0.40 (0.364D.4 1.61 (1.53-1.80)| 0.73 (0.67-0.78) 2.49 (2.352R.7
Q5 0.59 (0.57-0.62)|  0.40 (0.34-0.42 0.38 (0.33D.4 1.60 (1.51-1.68)] 0.75(0.71-0.8D) 2.48 (2.3QLR.6

p 0.044 0.003 0.024 0.012 0.001 0.009

®Data (10°) are expressed as median (percentile 25-pertéBiNon-cholesterol sterols-to-total cholesteevkls are adjusted by gender, age,

BMI and APOE genotypd® refers to statistical differences among quintiles.



®Synthesis markers are the sum of lanosterol anuaigsrol levels.

“Phytosterols are the sum of campesterol, sitostsitostanol and stigmasterol levels.



Table 4. Non-cholesterol sterols-to-total cholesitEvels among quintiles of “Western dietary pattescores.

Cholestanol-to-T(

[ Stigmasterol-to-TC

Campesterol-to-1

[GSitosterol-to-TC

Synthesis

markers-to-T¢&

Phytosterols-
to-TC

Q1 0.62 (0.60-0.66)]  0.36 (0.35-0.41 0.40 (0.38p.4 1.57 (1.50-1.74) 0.71 (0.67-0.79)  2.37 (2.2822.6
Q2 0.60 (0.57-0.63)  0.41 (0.34-0.42 0.39 (0.351p.4 1.60 (1.50-1.76) 0.73 (0.69-0.76)  2.49 (2.28}.1
ADH Q3 0.62 (0.58-0.66)]  0.40 (0.35-0.42 0.40 (0.36P.4 1.61 (1.54-1.77) 0.73 (0.65-0.76) 2.49 (2.38BYP.1
N =192 Q4 0.61 (0.58-0.64)  0.40 (0.34-0.42 0.41 (0.3BD.4 1.63 (1.53-1.76) 0.69 (0.67-0.76)  2.50 (2.322.1
Q5 0.61 (0.57-0.65)  0.41 (0.35-0.42 0.40 (0.38p.4 1.62 (1.52-1.81) 0.71(0.68-0.78) 2.53 (2.418).1

p 0.163 0.317 0.521 0.647 0.554 0.350
Q1 0.58 (0.57-0.60)  0.40 (0.34-0.41 0.36 (0.39P.4 1.56 (1.46-1.61) 0.73 (0.70-0.78)  2.45 (2.25L.5
Q2 0.58 (0.56-0.61)|  0.40 (0.34-0.41 0.36 (0.3%.4 1.58 (1.47-1.66) 0.76 (0.70-0.79)  2.44 (2.2532.5
FCH Q3 0.51 (0.50-0.60))  0.51 (0.42-0.52 0.36 (0.38p.3 1.85 (1.57-1.90] 0.76 (0.72-0.81) 2.89 (2.56p.¢
N =96 Q4 0.58 (0.55-0.59)  0.41 (0.35-0.42 0.38 (0.38D.3 1.57 (1.46-1.66) 0.73 (0.70-0.78) 2.44 (2.242.6
Q5 0.58 (0.55-0.61)|  0.41 (0.35-0.43 0.41 (0.38p.4 1.63 (1.49-1.85) 0.71(0.67-0.76) 2.54 (2.2%D.6

p 0.068 0.016 0.019 0.077 0.284 0.014
Q1 0.61 (0.58-0.64)]  0.36 (0.35-0.41 0.39 (0.36:D.4 1.56 (1.49-1.66) 0.73 (0.69-0.78) 2.39 (2.22.5
Q2 0.59 (0.57-0.62)  0.40 (0.34-0.42) 0.38(0.35-0.41) | 1.58 (1.49-1.69) 0.74 (0.70-0.772.47 (2.27-2.64)
All subjects Q3 0.60 (0.57-0.66)]  0.41 (0.35-0.43) 0.39 (0.36-0.45) | 1.61 (1.55-1.83) 0.74 (0.66-0.783.51 (2.38-2.82)
N = 288 Q4 0.60 (0.57-0.63)  0.41(0.35-0.42] 0.39(0.36-0.42) | 1.60 (1.51-1.70) 0.71 (0.67-0.772.48 (2.32-2.64)
Q5 0.60 (0.56-0.63)  0.41(0.35-0.42) 0.40(0.38-0.46) | 1.62 (1.51-1.81) 0.71 (0.68-0.752.54 (2.40-2.71)

p 0.400 0.110 0.061 0.098 0.242 0.042

®Data (10°) are expressed as median (percentile 25-perters)leNon-cholesterol sterols-to-total cholestéewkls are adjusted by gender, age,

BMI and APOE genotypd® refers to statistical differences among quintiles.



®Synthesis markers are the sum of lanosterol anuaigsrol levels.

“Phytosterols are the sum of campesterol, sitostsitostanol and stigmasterol levels.



Table Supplementary 1. Clinical, biochemical aretatly characteristics of subjects among quintifé¥egetable & Fruits dietary

pattern” score8§.

Q1 Q2 Q3 Q4 Q5
N =56 N =57 N =57 N =57 N =57 P
ADH/ FCH, % 1741245 20.0/20.2 21.6/17.0 12216.0 18.9/22.3 0.433
Males, % 38 (67.9) 27 (47.4) 18 (31.6) 23 (40.4) (221) 0.001
Age, years 37.7+9.48 44.8+9.85 45.1+7.83 48.0+9.82 48.4+8.87 < 0.001
Tobacco consumption, %

Smoker 22 (39.3) 19 (33.9) 13 (22.8) 16 (28.1) 7(12.3) 0.125

Former smoker 13 (23.2) 15 (26.8) 16 (28.1) (283) 18 (31.6)

Non smoker 21 (37.5) 22 (39.3) 28 (49.1) 2B @5 32 (56.1)

Packets/day x Years 16.5 (7.75-30.0) 23.(6(83.0) 20.0 (10.8-30.0) 13.0 (8.00-23.0)  20.0%431.0) 0.489
Systolic blood pressure, mm Hg 127 (113-138 120141) 126 (121-132) 134 (120-140 130 (123-139) .219
Diastolic blood pressure, mm Hg 78.0 (70.0-87.0) .5823.0-88.0) 80.0 (77.0-87.0 82.0 (76.0-88/0) .0809.5-84.0) 0.417
Body mass index, kg/m 25.8£3.41 25.1+2.11 24.9+1.88 25.242.74 25.312.54 0.768
Waist circumference, cm 90.7+£12.7 88.5+8.18 87.6%8. 88.9+10.5 90.0+11.1 0.676
Total cholesterol, mg/dL 306155.4 296+42.1 307+46.5 296+33.8 315455.6 0.534
HDL cholesterol, mg/dL 46.0 (39.0-58.0) 46.0 (3640) 52.0 (44.0-64.5) 46.0 (38.0-63.0)  41.0 (HHB®k) 0.159
Non HDL cholesterol, mg/dL 243 (222-287) 245 (22®p 241 (223-272) 234 (225-261 270 (226-293) 0.741
LDL cholesterol, mg/dL 218 (192-250) 216 (189-247) 214 (190-242) 208 (196-227) 229 (184-269) 0.845
Triglycerides, mg/dL 145 (94.0-221) 130 (91.3-168) 133 (103-206) 179 (85.0-277 270 (85.5-272) 0.892
Apolipoprotein A1,mg/dL 146+34.0 144+27.8 156+31.2 1514+32.3 144+31.9 0.538
Apolipoprotein B, mg/dL 168+29.4 165+31.5 167+32.2 164+28.9 167+34.0 0.989
Lipoprotein(a), mg/dL 24.1 (12.0-55.0) 45.7 (1598 31.8 (13.0-75.2) 14.0 (5.27-37.1)  21.4 (9.B4% 0.057




C reactive Protein, mg/L 1.55 (0.58-3.43 2.75 8§04740) 1.30 (0.55-2.80) 2.60 (1.33-5.38)  2.00@4325) 0.108
GGT, IU/L 27.0 (18.0-38.0) 24.5 (17.8-32.0 30.6.6:50.5) 26.0 (18.0-65.0 22.0 (15.5-38.0) 0.698
Glucose, mg/dL 88.7+£10.2 90.2+10.3 87.5+£9.73 931631 92.8+15.0 0.181
HbAlc, % 5.10 (5.00-5.30) 5.40 (5.05-5.50) 5.20345.38) 5.30 (5.08-5.60 5.30 (5.13-5.40) 0.053
Dietary intake
Energy, kcal/day 2111 (1777-2466) 2104 (1695-2584104 (1691-2545)] 2093 (1803-24162384 (2073-2879 0.006
Carbohydrates, % 43.3t7.93 43.37.18 44.86.86 46.36.62 48.%5.88 <0.001
Protein, % 16.4:2.50 16.62.46 16.62.89 16.32.39 16.22.41 0.869
Fat, % 36.17.25 36.%#6.42 35.%6.30 34.86.64 32.%#5.04 0.010
Monounsaturated fat, % 17.6+4.65 17.94.13 17.24.01 16.63.90 15.43.27 0.007
Polyunsaturated fat, % 4.30 (3.63-5.08) 4.69646.44) 4.66 (3.86-5.70) 453 (3.76-6.09)  5.0114/.02) 0.056
Saturated fat, % 10.2:2.08 9.962.59 9.8%2.40 9.65%2.30 8.721.96 0.010
Cholesterol, mg/ddy 347+129 328109 349101 31489.7 35&125 0.219
Phytosterols, mg/day 293 (230-340) 320 (257-391) 335 (274-410 363 {314) 440 (374-520) <0.001
Fiber, g/day 14.0 (12.3-16.9) 19.3 (16.6-22.1 22.5 (20.0-26.5)23.9 (21.8-29.1)| 32.1(28.2-37.0) <0.001
Alcohol, g/day 6.74 (2.15-15.9) 8.23 (1.42-17.3 5.08 (1.20-12.2)4.38 (0.68-11.2)| 4.38 (0.69-11.9) 0.296

®Data (10°) are expressed as meatandard deviation or median (percentile 25-peike&) as applicabld® refers to statistical

differences among quintiles.

PEnergy-adjusted.



Table Supplementary 2. Clinical, biochemical aretatiy characteristics of subjects among quintifé$\testern dietary pattern” scorés.

Q1 Q2 Q3 Q4 Q5
N =56 N =57 N =57 N =57 N =57 P
ADH/ FCH, % 18.4/22.3 17.9/24.5 24.2/11.7 21.1/18.1 18.4/23.4 0.099
Males, % 19 (33.9) 31 (54.4) 25 (43.9) 29 (50.9) (6) 0.061
Age, years 48.1+£9.95 46.7+£9.97 44.4+8.85 43.8+10.1 39.9+9.47 0.010
Tobacco consumption, %

Smoker 13 (23.2) 9 (15.8) 16 (28.6) 13 (22.8) 26 (45.6) 0.021

Former smoker 19 (33.9) 17 (29.8) 18 (32.1) (Z:3) 8 (14.0)

Non smoker 24 (42.9) 31 (54.4) 22 (39.3) 95 23 (40.4)

Packets/day x Years 24.4 (8.50-36.0) 20.(6(84.3) 17.0 (10.0-32.8) 14.0 (9.13-22.9)  18.0@431.0) 0.767
Systolic blood pressure, mm Hg 130 (120-134 122{140) 130 (120-139) 130 (123-139 128 (117-138) .548
Diastolic blood pressure, mm Hg 80.0 (72.3-87.0) .5880.0-89.0) 80.0 (74.3-88.0) 82.0 (80.0-86)0) .0831.5-85.5) 0.219
Body mass index, kg/m 25.3+2.56 25.8+2.36 25.3+2.87 25.4+2.09 24.7+2.92 0.618
Waist circumference, cm 89.1+11.1 90.7+9.937 8806381 89.4+9.16 88.2+11.1 0.899
Total cholesterol, mg/dL 309+42.6 299+40.2 292+44.1 318+55.9 301+49.6 0.240
HDL cholesterol, mg/dL 47.0 (40.0-58.8) 45.0 (38(88) 49.0 (39.0-62.3) 52.0 (36.3-62.8)  43.0 (D) 0.529
Non HDL cholesterol, mg/dL 271 (221-284) 254 (2Z2p 230 (213-251) 252 (227-297 241 (223-283) 0.14¢
LDL cholesterol, mg/dL 226 (191-261) 226 (181-246) 202 (189-224) 218 (200-268) 222 (196-240) 0.566
Triglycerides, mg/dL 143 (94.0-277) 158 (98.0-210) 124 (89.8-185) 140 (89.8-235 154 (94.0-300) 0.85¢
Apolipoprotein A1,mg/dL 153+28.7 156+31.6 151+28.1 147+34.8 136+32.0 0.097
Apolipoprotein B, mg/dL 174+31.7 167+28.9 159+33.3 168+30.2 164+28.6 0.365
Lipoprotein(a), mg/dL 20.5 (6.77-32.7) 26.8 (1234 25.7 (12.7-62.7) 16.0 (7.05-51.3)  43.5 (12454p 0.208
C reactive Protein, mg/L 1.80 (0.60-4.10 1.65 QeR%H0) 1.50 (0.70-3.55) 2.60 (0.95-4.08) 2.30@BB5) 0.626
GGT, IU/L 25.5 (19.3-50.3) 30.5 (16.0-48.8 25.56.(133.8) 21.5(15.5-51.3 26.0 (18.0-32.0) 0.818




Glucose, mg/dL 89.3+9.00 91.8+10.3 90.4+13.0 8931 91.3+10.1 0.907
HbAlc, % 5.30 (5.10-5.48) 5.25 (4.88-5.50) 5.20055.40) 5.30 (5.10-5.40 5.20 (5.10-5.48) 0.765
Dietary intake
Energy, kcal/day 2054 (1684-2341 2091 (1680-26p)940 (1659-2244) 2364 (1972-27012454 (2140-2865 <0.001
Carbohydrates, % 42.9+7.87 45.3+6.89 44.1+6.81 #6738 46.7+7.09 0.004
Protein, % 16.4+2.62 16.7+2.65 17.4+2.44 16.2+2.28 15.5+2.34 0.002
Fat, % 37.1+7.41 34.8+6.12 35.4+6.39 33.9+5.37 8318l 0.100
Monounsaturated fat, % 18.6+5.02 17.1+£3.69 4323 15.8+3.48 16.1+3.67 0.002
Polyunsaturated fat, % 4.98 (4.05-5.52 4.589%.38) 4.43 (3.74-5.85) 5.57 (3.71-5.68)  4.78(3.32) 0.706
Saturated fat, % 9.29+2.31 9.42+2.18 9.76+2.45 9.78+2.22 10.0+£2.42 0.451
Cholesterol, mg/dé’y 302+101 338+107 311+95.1 360+118 384+£119 < 0.0q
Phytosterols, mg/dgy 341 (284-405) 354 (266-430) 311 (269-359 377 (320) 389 (316-470) 0.002
Fiber, g/da9 22.5 (17.7-26.6) 21.9 (18.7-29.6 22.1 (16.7-27.[7)23.5 (19.3-31.9)| 21.6 (15.8-28.0) 0.344
Alcohol, g/da§ 4.42 (0.68-15.5) 5.08 (0.35-16.3 5.14 (1.42-15.2)4.38 (1.46-11.8)| 5.92 (1.79-15.6) 0.811

®Data (10°) are expressed as meatandard deviation or median (percentile 25-peile8) as applicablé refers to statistical differences

among quintiles.

PEnergy-adjusted.



