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Abstract

Background and Aims: Nuts have been demonstrated to improve severdlos@ascular
risk factors and the lipid profile in diabetic apce-diabetic subjects. However, analysis of
conventional serum lipid profiles does not compietexplain the atherogenic risk
associated with pre-diabetes. We therefore invagttywhether chronic consumption of
pistachio modifies the lipoprotein subclasses eathier profile in pre-diabetic subjects.
Methods and Results: Randomized cross-over clinical trial in 54 subjeetgh pre-
diabetes. Subjects consumed a pistachio-supplethéige (PD, 50% carbohydrates, 33%
fat, including 57g/d of pistachios daily) and a wohdiet (CD, 55% carbohydrates, 30%
fat) for 4 months each, separated by a 2-week wwathDiets were isocaloric and matched
for protein, fiber and saturated fatty acids. Naclenagnetic resonance (NRM) was
performed to determine changes in plasma lipoprotibclasses. Small low-density
lipoprotein particles (SLDL-P) significantly decssal after pistachio consumption
compared to the nut-free diet (P=0.023). The nghHdensity lipoprotein particles (non-
HDL-P i.e. VLDL-P plus LDL-P) significantly decreed under the PD compared to CD
(P=0.041). The percentage of sHDL-P increased B$%.after the PD compared with a
reduction of 0.08% after the CD (P=0.014). Consatijyethe overall size of HDL-P
significantly decreased in the PD (P=0.007).

Conclusion: Chronic pistachio consumption could modify the ppatein particle size and
subclass concentrations independently of changéstah plasma lipid profile, which may
help to explain the decreased risk of cardiovasalisease and mortality associated with
those individuals who frequently consumed nuts.

Registration Number: This study is registered at www.clinicaltrials.gav NCT01441921.



Introduction

Atherogenic dyslipidemia is a common feature oktgpdiabetes (T2DM) characterized by
high levels of serum triglycerides, low HDL-cholesil (HDL-C) concentrations and a
relative increase in the number of small dense ldatticles (sLDL-P). Nonetheless, the
lipid and lipoprotein profile often displays othabnormalities in the pre-diabetic stage,
which may contribute to the subsequent increass# df developing T2DM and
cardiovascular (CV) disease. In this regard, lA&fgBL and small LDL patrticles have been
related with a higher severity and incidence oboary artery disease and type 2 diabetes
[1]. However, results on HDL subfractions are moamtroversial. Thus, whereas some
studies showed an association between small HDhéePcaronary risk [2], others found
that small and medium-sized HDL particles were essed with a lower risk of total stroke
[3].

While conventional cardiovascular prevention stym® focus on decreasing LDL-C
concentrations increasing data suggests that piiegeand therapeutic strategies could be
focusing on lipoprotein subfractions abnormalitig§. However, there is a lack of
information on the potential modulatory effectsdidt on lipoprotein subfractions and its

effects on health and disease.

As far as nutritional factors are concerned, bgtidlemiological and clinical studies have
provided a body of scientific evidence on the aapditective effects of nuts and their
lipid-lowering properties. A pooled analysis of @mical trials including different types of
nuts showed a significant dose-related reductiototal cholesterol and LDL-C, but no
effect on HDL-C or triglycerides (except in parfiants with hypertriglyceridemia) after

nut consumption [5]. However, only one study haseased the effect of nut consumption



on the composition and particle size of lipoprotesimbfractions. This study showed
beneficial changes in lipid distribution in lipopetn subfractions after walnut
consumption, and no changes in plasma lipid conipas[6]. Compared to other nuts,
pistachios have lower fat (mostly from poly- andnoonsaturated fatty acids) and energy
content, and higher levels of fiber (both solubie &soluble), potassium, phytosterols,
tocopherol, vitamin K, xanthophyll and carotenoitiereby contributing to explain the
beneficial relation between pistachio consumptiod ealth-related outcomes [7].

The aim of the present study is to evaluate theceféf chronic intake of pistachios on
lipoprotein size and subclass concentration in diabetic subjects as a potential

mechanism for decreasing the cardiovascular riséa@ated with pre-diabetes.



M ethods

Sudy characteristics

The EPIRDEM (Effect of Pistachio Intake on InsulResistance and Type 2 Diabetes
Mellitus) study is a randomized, controlled, craser trial with a four-month dietary

intervention in each period conducted in pre-digbstibjects. The institutional review

board of the Universitary Hospital of Sant JoanRiis approved the study protocol in
September 2011. Executed informed consent wasnalatdrom all study participants. The

trial was registered in Clinical Trials (identifisiCT01441921).

Sudy population

Eligible participants were community-living men am®men aged between 25 and 65
years, body mass index35 kg/nf and pre-diabetes was considered when fasting plasm
glucose levels were between 100 and 125 mg/dL.eStsdhyvere excluded if they met one of
the following criteria: a) diabetes mellitus or ngioral anti-diabetic drugs; b) alcohol,
tobacco or drug abuse; c) frequent consumptionud$é or known history of allergy to
them; d) use of plant sterols, psyllium, fish aipplements and multivitamins, vitamin E or
other antioxidant supplements, e) bad dentitiompliing difficulty to chew pistachios; f)
following a vegetarian or a hypocaloric diet todageight; g) being pregnant or wishing to
become pregnant 9 months before or during the stadiating 6 weeks before or during
the study; h) significant liver, kidney, thyroid ather endocrine diseases; i) medical,

dietary or social conditions that hinder compliancth the intervention.



Sudy design

A 15-days run-in period proceeded the four-monéatinent period. A 2-week wash-out
period separated the 2 crossover sequences. Aisas#ata on medical history, physical
examination and fasting blood for biochemical asialywere collected. Subjects who met
the inclusion criteria were randomly assigned t@ af the two different intervention
sequences, before the 15-days run-in period, usingmputer-generated random-number
table. They were instructed to follow a normocalatiet that provided 50% of energy as
carbohydrates, 15% as protein, and 35% as totaluang the 2 weeks proceeding each
study period.

The isocaloric diet was individually calculated ngiWHO equations adjusted by the
estimated energy expenditure in physical-activéisure-time. After the 2-week run-in
period, subjects were randomized to one of thedaquences: starting with a control diet
(CD) followed by the pistachio supplemented didD)Por starting with the pistachio diet
followed by the control diet. The main charactésstof both intervention diets have
already been published [8]. Participants allocatedthe pistachio diet (PD) were
supplemented with 2 ounces of pistachio (57 graays/dalf roasted and half roasted and
salted). In the control diet (CD), the energy irta@k other fatty foods, mostly olive oil, was
adjusted to compensate for the energy from pistadhicluded in the PD. Adherence to the
intervention period was assessed by counting thatyesachets of pistachio administered

and by measuring plasma lutein-zeaxanthinyata@topherol levels as previously described

[8].



Data collection
Medical and anthropometric measurements were t¢etleat the beginning and at the end
of each dietary period. Blood samples were alsteci@d during the same visits after 12h

of fasting.

Lipoprotein analysis by NMR spectroscopy of plasma samples

Lipoprotein analysis of plasma samples by 2D ditfasordered'H NMR spectroscopy
(DOSY) was performed using a previous protocol [Bhis protocol measures lipid
concentrations (i.e., triglycerides and choles)ersizes and particle numbers for VLDL
(38.6 to 81.9 nm), LDL (14.7 to 26.6 nm) and HDLO(6 10.9 nm) classes, as well as the
particle numbers of nine subclasses (namely lamggium and small VLDL, LDL and
HDL, respectively). Briefly, 20H NMR spectra were recorded on a BrukerAvance0D 6
spectrometer at 310 K (Bruker BioSpin, Rheinstett@ermany). We used the double
stimulated echo (DSTE) pulse program with bipokadient pulses and a longitudinal eddy
current delay (LED). The relaxation delay was 2osels, the finite impulse decays (FIDs)
were collected into 64K complex data points ands&ns were acquired for each sample.
The gradient pulse strength was increased from%%®% of the maximum strength of 53.5
Gauss cri in 32 steps. The squared gradient pulse strengghlinearly distributed.

To determine lipoprotein size, the methyl signakvegarface fitted with the numbers of
functions so that the nine lipoprotein subclasseddcbe determined. The mean patrticle
size of every main fraction was derived by avergdire NMR area of each fraction by its
associated size. To obtain particle-weighted liptgin sizes, each NMR area was divided
by its associated volume. The particle numbers awheipoprotein main fraction were

calculated by dividing the lipid volume by the pelg volume of a given class. The lipid



volumes were determined by using common converiotors to convert concentration
units obtained from the partial least-squares (Ru8lels into volume units. The relative
areas of the lipoprotein components used to deceenfie 2D spectra were used to derive

the particle numbers of the nine lipoprotein sutsts.

Satistical analysis

The descriptive data of participants at baselind differences during the intervention
periods are shown as means and 95% confidencevatge(95% CI) for continuous
variables, and number (%) for categorical variabBgferences in all variables were
evaluated by analysis of variance (ANOVA), witheintention diet as the independent and
repeated measures factor. Diet sequence (ordeiebftréatments) was analysed as an
independent factor but as it was not significantwiis not further considered. The
differences in variable changes between dietamrwention periods were analysed by an
ANCOVA test using baseline values as a covariatestatistical analyses were conducted
using intention-to-treat (ITT) anger protocol (PP) approaches. ITT analysis included all
randomized participants and data was analyzedwollp the assumption that the drop outs
(all of them attended only to the baseline visit) dot change their variables’ values
through the whole study. The PP analysis exclua@etigppants who did not attend the last
visit, and the results are shown in Supplement. $ample size estimation has been
previously described [8]. All analyses were donag$SPSS 20.0 (SPSS Inc, Chicago, IL).

All tests were 2-sided, and significance was defiasP < 0.05.



Results

A total of 108 participants were assessed for laligy, of whom 30 declined to participate
and 24 did not meet the inclusion criteria. Fifogf participants were randomly assigned to
one of the two intervention sequences. During fegaphio period, 5 of the 54 randomized
participants (9.25%) dropped out of the study ferspnal reasons (Figure S1, Supporting
information). No gastrointestinal side effects webserved during the trial and no changes
in medication were reported during the study. Thseline characteristics of the study
participants are shown in Table 1. No significaiffedences were observed between
dietary interventions at baseline in any of thelyresl parameters. As expected, plasma
lutein-zeaxanthin ang-tocopherol levels were significantly higher in tR® compared
with the CD (already published data, [8]).

Total LDL-P was non-significantly lowered in the PRIt than in the CD diet (mean (95%
Cl): -46.67 nM (-88.22, -5.12) and 20.66 nM (-23.62.94), respectively, P=0.10) (Table
2). However, when the concentration of each LDLeBctass (i.e. small, medium and
large) was analysed, the concentration of small {EDlvas significantly lowered in the PD
diet than in the CD diet (mean (95% CI): -28.07 (80.43, 4.29) and 16.49 nM (-14.19,
47.18) respectively, P=0.02). However, results fmtal VLDL-P, total HDL-P
concentrations and their relative subclasses, sthomen-significant changes between
intervention periods.

The mean size of HDL particles was significantlwéved in the PD diet than in the CD
diet (mean (95% CI): -0.13 A (-0.22, -0.03) and20/0(-0.07, 0.10), respectively, P=0.01),
whereas no significant changes were observed fanrit&DL or LDL particle size.
Moreover, there were significant differences in #iDL-P concentrations (i.e. sum of total

VLDL-P and LDL-P) between the two periods: they aveeduced in the PD period (mean



(95% CI): -36.02 nM (-77.56, 5.20)) and increasedhie CD period (21.11 nM (-23.85,
66.06)); P=0.04. The proportion (expressed as peage) of small-HDL particle
concentrations from total HDL particles, was sigraiftly higher after PD than after the
control period (mean (95% CI): 2.23 % (0.57, 3.889 -0.08 % (-1.66, 1.49), respectively,
P=0.01), whereas the percentage of medium- ane-lRJ particles was significantly
lower. No significant differences in the proportiohsmall LDL-P were observed between
intervention periods (Figure 1). TiRer Protocol analysis showed similar results (Table S1

and Figure S2, Supporting information).



Discussion

In the present study, we have demonstrated thathihenic consumption of pistachios
shifts the lipoprotein size and patrticle profileadess atherogenic pattern, thus suggesting
that pistachios may play a beneficial role in cavdscular disease, even though they have
no effect on the classic lipid factors of cardiouaar risk.

In hypercholesterolemic, normolipidemic and heal8upjects, it has been consistently
reported that the regular intake of nuts has tmeti@al effect on lipid profile of lowering
serum LDL-C, without significantly affecting trigterides or HDL-C [10]. However, these
lipid-lowering properties attributed to nuts are ren@ontroversial in obese subjects or
subjects who are resistant to insulin. In thesgestdy whereas some authors have reported
significant reductions in LDL-C and increases inlHD after nut consumption [11], others
have failed to find significant changes in lipidople [12]. In particular, consumption of
pistachio has been reported to induce a significadtiction in total cholesterol (TC),
TC/HDL-C ratio and LDL-C/HDL-C ratio [13-15] and significant increase in plasma
HDL-C [13,14] in healthy and hypercholesterolemigbjects. The effect of pistachio
consumption on LDL-C concentrations is less coasistthey tend to decrease [13,15] but
not always significantly [13]. In a previous pulation conducted in the same population as
the present study, we found no significant charngesither total cholesterol, LDL-C or
HDL-C after pistachio consumption [8], supportirige thypothesis that obese or insulin-
resistant subjects are less likely to have chamgteeir lipid profile [16].

In recent years, interest in the concentrationdipdprotein subclass particles (small,
medium, large) has been increasingly focused naherotal amount of cholesterol within
these particles but on their potential effect dreedsclerosis and cardiovascular risk [4]. A

decade ago, Liu et al. found that non-HDL-choledt@rDL-C plus VLDL-C) was strongly



associated with an increased risk of coronary hdiggase [17], which was even greater
than that attributed to LDL-C [18]. Unlike large Lparticles, small, dense LDL-P confers
greater atherogenic risk because of its interactiith the arterial wall (e.g. increased
residence time in the circulation, easy penetratitmthe sub-endothelial space and greater
susceptibility to oxidative modification) [4]. Adibnally, high levels of small, dense LDL-
P have been positively correlated with microalbwmig and negatively with glomerular
filtration rate as predictors of diabetic nephrdyafl9] and as emerging CV risk factors
[20]. Otherwise, small HDL-P have been associatgt twith more non-calcified plaque or
higher coronary risk but also with an atheroprotectole [21], whereas larger HDL-P
have been associated with less non-calcified pkgaed lower coronary risk [22].
Lipoprotein subclass abnormalities have also bettad to insulin resistance and T2DM.
Concentrations of small, dense atherogenic LDLiglag are commonly higher in insulin-
resistant subjects [23]. A study conducted on sabjeith or without T2DM demonstrated
that progressive insulin resistance was associatitdan atherogenic profile characterized
by an increase in VLDL size (mainly in large-VLDlamicle concentrations), a decrease in
LDL size (reflected by an increase in small- an@duction in large-LDL), and a decrease
in HDL size (by reduction in large- and an increasesmall- HDL particles) [24]. The
results found after 1 371 T2DM, impaired glucoslesamt and normoglycemic participants
were analyzed in the Insulin Resistance AtherogsierStudy (IRAS) [25], were similar
and suggested that dyslipidemia associated withlimsesistance or type 2 diabetes is not
detected when the traditional lipid profile is ewated. The IRAS study has also
demonstrated for the first time that, independendf triglyceride and HDL-C
concentrations, lipoprotein subclasses were pedytiassociated with the incidence of

T2DM at 5-year follow-up [1].



Although a considerable amount of research has bagied out on the conventional lipid
profile, the modulatory effect of dietary fatty dsion the size and concentration of
lipoprotein subclasses has been poorly analyzethw&r consumption of saturated fatty
acids (15%, 9% or 6.1%) for 4 weeks significantBceased large HDL and increased
small HDL subclasses [26]. A reduction in large,dmen and small, dense LDL-P was
observed after a portfolio diet including almond&d/day) for 4 weeks [27]. However, a
significant decrease in the proportion of small l-Blhas been reported in normolipidemic
subjects after 3 days on a high-fat diet (37% en&an fat) [28] and also 6 hours after a
high-fat meal (83% energy from fat) [29]. To thesbef our knowledge, only one study has
evaluated the effect of nut consumption on theriistion and particle size of lipoprotein
subclasses. The study was conducted in a small @uofbadults (n=18) with combined
hyperlipidemia who consumed 48g of walnuts for 6ekge Cholesterol decreased,
particularly in small-LDL-P and large-HDL particlewhich suggested that the beneficial
properties of nut intake on cardiovascular risk ni#y/ underlying by an additional
mechanism [6]. In agreement with these results, siudy demonstrates that chronic
consumption of pistachios induces a significantrei@ee of small-LDL concentrations and
HDL-P size, despite the absence of change in TQ,-CDor HDL-C. The mean decrease
observed in HDL-P size could be explained by tigaifcant increase in the proportion of
small HDL-P and the significant decrease in thepprton of medium and large HDL
particle concentrations. Similarly, we found a #igant decrease in non-HDL-particle
concentrations, which are also strongly associaiddcardiovascular risk [30].

Several strengths and limitations of our study deseomment. Among the strengths are
its cross-over randomized design, its medium-teuratibn and the biochemical dietary

compliance markers. We have also used NMR to aadiysprotein subfractions, which it



has been suggested as a better coronary heartseligssimator than non-denaturing
polyacrylamide gradient gel electrophoresis [31¢c&use data on HDL function was not
measured, the implications of changes in HDL subtggstribution need to be further

investigated. However, because the study focusegrerdiabetic subjects, the results
cannot be extrapolated to healthy subjects or stdjwith T2DM. Despite the cross-over
design, other limitations could be related to thkatively heterogeneity of the subjects
studied as the presence of dyslipidemia or theafidgid-lowering treatments. Whether

other nuts can modify lipoprotein subclasses imala way deserves further research.

In conclusion, the results of the present studygesgthat the chronic consumption of
pistachios has a beneficial effect on emergenticaadcular risk factors, even though it has
little or no effect on classical lipid risk marker§urther research is necessary to
corroborate our results and to extend them in thewkedge of which subclasses are

reliable markers of cardiovascular diseases anehtiat targets for effective therapies.
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Appendix A. Supplementary data:

Table S1. Baseline and changes after intervention periodpioprotein concentration and
size.

Figure S1. Flowchart of study participants.

Figure S2. Changes (expressed as percentages) in the papoftiipoprotein subclasses
(small, medium or large) related to the total lipmpin particle concentration (HDL-P,

LDL-P or VLDL-P) according to intervention period.



Tables

Table 1. Baseline characteristics of the study population

Variable

Subjects
(n=54)

Female sex, n (%)

Age (years)

Weight (kg)

Body mass index (kg/th

Waist circumference (cm)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Total cholesterol (mg/dL)

LDL-C (mg/dL)

HDL-C (mg/dL)

Triglycerides (mg/dL)

VLDL-P (nM)

LDL-P (nM)

HDL-P (uM)

Fasting plasma glucose (mg/dL)
Fasting plasma insulin (mU/mL)
HOMA-IR

Glycated HbA. (%)

Glycated HbA:(mmaol/mol)

25 (46)

55 (53.4, 56.8)
77.6 (74.8, 80.3)
28.9 (28.2, 29.6)
94.7 (92.8, 96.6)

134 (130, 137)

81 (79, 83)
213.13 (205.00, 221.26)
135.66 (127.65, 143.67)

54.47 (50.83, 58.11)
115.34 (102.68, 128.00)
41.62 (36.07, 47.18)
1210.40 (1147.26, 1273.54)
30.34 (29.13, 31.56)
112.80 (108.51, 117.08)
12.19 (10.59, 13.79)
3.50 (2.97, 4.02)

5.92 (5.81, 6.03)
41.20 (40.01, 42.38)

Dyslipidemia, n (%) 27 (50)
Hypertension, n (%) 23 (42.6)
Statins, n (%) 5(9.3)
Fibrates, n (%) 2(3.7)
Angiotensin converter enzyme inhibitors, n (%) 6 (11.1)
Beta-blockers and other antihypertensive drug&py 13 (24.1)
Leisure-time physical activity (Kcal/day) 347 (307, 387)

Data are given as mean (95% CI) or number (%). VLiry low-density lipoprotein;
LDL, low-density lipoprotein; HDL, high-density Igprotein; -C, cholesterol; -P, particle;
HOMA-IR, homeostatic model assessment of insulisistance; HbA, Glycated
hemoglobin.



Table 2. Baseline and changes in lipoprotein concentrati@hsize after the intervention period

Pistachio diet Control diet Treaiment
Characteristics Baseline Change Baseline Change P-value
Total VLDL-P (nM) 46.24 (39.74,52.73) -0.58 (-5.12, 3.95) 42.12 (36.61, 47.64) 2.27 (-3.36, 7.90) 0.33
Large VLDL-P (nM) 1.42 (1.06, 1.78) -0.06 (-0.33, 0.21) 1.10 (0.87, 1.34) 0.22 (-0.20, 0.65) 0.23
Medium VLDL-P (nM) 7.09 (5.64, 8.54) -0.11 (-1.09, 0.87) 6.04 (4.89, 7.18) 0.75 (-0.47, 1.97) 0.25
Small VLDL-P (nM) 37.72 (32.93, 42.51) -0.41 (-3.81, 2.98) 34.98 (30.73, 39.22) 1.35(-2.73, 5.43) 0.39
Total LDL-P (nM) 1236.37 (1160.70, 1312.04 -46.67 (-88.22, -5.12) 1219.11 (1154.56, 1283.67) 20.66 (-23.62, 64.94) 0.10
Large LDL-P (nM) 131.36 (113.49, 149.23) -8.15 (-18.99, 2.69) 133.98 (120.49, 147.47) 1.80 (-8.13, 11.73) 0.30
Medium LDL-P (nM) 463.62 (421.63, 505.62) -10.45 (-31.39, 10.49) 462.91 (431.15, 494.68) 2.37 (-21.26, 26.01) 0.49
Small LDL-P (nM) 647.68 (604.74, 690.61) -28.07 (-60.43, 4.29) 620.60 (581.13, 660.06) 16.49 (-14.19, 47.18) 0.02
Total HDL-P (uM) 30.32 (29.02, 31.62) 1.18 (-0.33, 2.70) 30.72 (29.46, 31.98) 0.70 (-0.28, 1.68) 0.55
Large HDL-P (uM) 1.14 (0.83, 1.44) -0.08 (-0.18, 0.03) 1.04 (0.79, 1.29) 0.05 (-0.06, 0.17) 0.09
Medium HDL-P (uM) 6.69 (5.77, 7.61) -0.28 (-0.76, 0.20) 6.44 (5.73, 7.15) 0.13 (-0.25, 0.51) 0.13
Small HDL-P (uM) 22.58 (21.24, 23.91) 1.57 (0.22, 2.91) 23.34 (22.19, 24.49) 0.56 (-0.53, 1.65) 0.18
Particle size (A)
VLDL 200.59 (199.15, 202.04) 0.27 (-0.77,1.31) 199.58 (198.38, 200.78) 0.41 (-0.58, 1.39) 0.83
LDL 99.20 (98.85, 99.54) 0.09 (-0.16, 0.35) 99.46 (99.20, 99.71) -0.15 (-0.40, 0.11) 0.17
HDL 40.30 (40.09, 40.51)* -0.13 (-0.22, -0.03) 40.21 (40.05, 40.37) 0.02 (-0.07, 0.10) 0.01
Non-HDL-P (nM) 1282.61 (1206.53, 1358.69 -36.02 (-77.56, 5.52) 1261.35 (1195.00, 1327.70) 21.11 (-23.85, 66.06) 0.04
Total-P/HDL-P ratio 1.04 (1.04, 1.05) -0.003 (-0.005, -0.0006) 1.04 (1.04, 1.05) -0.0004 (-0.002, -0.002) 0.09
LDL-P/HDL-P ratio 0.04 (0.04, 0.05) -0.003 (-0.005, -0.0005) 0.04 (0.04, 0.04) -0.003 (-0.005, -0.0007) 0.86

Intention-to-treat analysis, n=54. All values areams (95% CI). Intra-group analysis was assessdticbpaired t-test. Basal-adjusted changes betgemips
were analysed using adjusted ANOVA of repeated areasents. * Significant difference (P<0.05) betwbaseline and end of a particular interventionqukriP,

particle; -C, cholesterol; VLDL, very low-densitpbprotein; LDL, low-density lipoprotein; HDL, higtensity lipoprotein.



Figurelegends

Figure 1. Changes (expressed as percentages) in the prapoofiolipoprotein
subclasses (small, medium or large) related tadta lipoprotein particle concentration

(HDL-P, LDL-P or VLDL-P) according to interventiqgreriod.

Intention-to-treat analysis, n=54. Values are mgab8o CI). Changes between groups
were analysed using ANOVA of repeated measurenmfestsinds for significant
differences (P<0.05) in changes between pistaci@bahd control diet. HDL-P, high-
density lipoprotein particle; LDL-P, low-densitypbprotein particle; VLDL-P, very

low-density lipoprotein particle.
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* We examined the effect of pistachio intake in lipoprotein subclasses
» Pistachio intake improves the lipoprotein profile in pre-diabetic subjects

* Wesuggest it asadietary tool for managing other prevalent chronic diseases
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Table S1. Baseline and changes after intervention periogwpkotein concentration and size.

Pistachio Diet Control diet Treatment Effect
Characteristics Baseline Change Baseline Change P-value
Total VLDL-P (nM) 46.24 (39.74, 52.73) -0.07 (-5.05, 4.92) 42.63 (36.57, 48.69) 2.50 (-3.72, 8.72) 0.42
Large VLDL-P (nM) 1.42 (1.06, 1.78) -0.06 (-0.35, 0.24) 1.08 (0.83, 1.34) 0.25 (-0.23,0.72) 0.24
Medium VLDL-P (nM) 7.09 (5.64, 8.54) -0.07 (-1.15, 1.01) 6.02 (4.76, 7.28) 0.82 (-0.53, 2.18) 0.28
Small VLDL-P (nM) 37.72 (32.93, 42.51) 0.05 (-3.67, 3.78) 35.53 (30.87, 40.18) 1.49 (-3.02, 5.99) 0.53
Total LDL-P (nM) 1236.37 (1160.70, 1312.0¢  -52.14 (-97.74, -6.54) 1213.04 (1144.42, 1281.6% | 23.05 (-26.21, 72.31) 0.09
Large LDL-P (nM) 131.36 (113.49, 149.23) -8.05 (-20.01, 3.92) 136.54 (122.13, 150.95) 2.11 (-8.95, 13.17) 0.35
Medium LDL-P (nM) 463.62 (421.63, 505.62) -11.20 (-34.29, 11.89) 463.86 (429.02, 498.70)  2.63 (-23.67, 28.94) 0.50
Small LDL-P (nM) 647.68 (604.74, 690.61) -32.89 (-68.37, 2.59) 610.42 (570.29, 650.55) 18.31 (-15.89, 52.51) 0.02
Total HDL-P (uM) 30.32 (29.02, 31.62) 1.28 (-0.39, 2.95) 30.71 (29.34, 32.08) 0.77 (-0.30, 1.85) 0.56
Large HDL-P (uM) 1.14 (0.83, 1.44) -0.09 (-0.20, 0.03) 1.06 (0.79, 1.34) 0.06 (-0.07, 0.19) 0.09
Medium HDL-P (uM) 6.69 (5.77, 7.61) -0.30 (-0.83, 0.23) 6.48 (5.71, 7.24) 0.14 (-0.28, 0.57) 0.15
Small HDL-P (uM) 22.58 (21.24, 23.91) 1.66 (0.19, 3.13) 23.28 (22.07, 24.50) 0.62 (-0.58, 1.82) 0.21
Particle size (A)
VLDL 200.59 (199.15, 202.04) 0.16 (-0.99, 1.30) 199.11 (197.90, 200.33) 0.45 (-0.64, 1.54) 0.68
LDL 99.20 (98.85, 99.54) 0.12 (-0.16, 0.40) 99.52 (99.25, 99.79) -0.16 (-0.44, 0.12) 0.15
HDL 40.30 (40.09, 40.51)* -0.14 (-0.24, -0.04) 40.22 (40.04, 40.39) 0.02 (-0.08, 0.11) 0.01
Non-HDL-P (nM) 1282.61 (1206.53, 1358.6¢ -40.37 (-85.97,5.22) 1255.80 (1185.03, 1326.57 | 23.38 (-26.61, 73.37) 0.04
Total-P/HDL-P ratio 1.04 (1.04, 1.05) -0.003 (-0.005, -0.0006 1.04 (1.04, 1.05) -0.0004 (-0.003, -0.002 0.09
LDL-P/HDL-P ratio 0.04 (0.04, 0.05) -0.003 (-0.005, -0.0005 0.04 (0.04, 0.04) -0.0004 (-0.003, -0.002 0.10

Per protocol analysis, n=49. All values are me&%84 ClI). Intra-group analysis was assessed by direg t-test. Basal-adjusted changes between
groups were analysed using adjusted ANOVA of regzbateasurements. * Significant difference (P<Ol¥ween baseline and end of a particular
intervention period. -P, particle; -C, cholesteMLDL, very low-density lipoprotein; LDL, low-denti lipoprotein; HDL, high-density lipoprotein.



Figure S1. Flowchart of study participants.

Assessed for eligibility
n=108

n =54 were excluded
n = 30 declined to participate

n= 24 did notmeetinclusion criteria

Under went randomization

n=54
Pistachio/Control Control/Pistachio
Sequence Sequence
n=29 n=25

n=>5 dropped outfor
personalreasons

[ 24 subjects finished the study ] [ 25 subjectsfinished the study ]

EPIRDEM Flow chart. Crossover design.



Figure S2. Changes (expressed as percentages) in the papoftiipoprotein subclasses
(small, medium or large) related to the total lipmpin particle concentration (HDL-P,
LDL-P or VLDL-P) according to intervention period.
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Per protocol analysis, n=49. Values are means (95% CI). Chabgéseen groups were analysed using
ANOVA of repeated measuremeritstands for significant differences (P<0.05) inrdies between pistachio
diet and control diet. HDL-P, high-density lipopeot particle; LDL-P, low-density lipoprotein patgg
VLDL-P, very low-density lipoprotein particle.



