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Abstract

Background and aims: Elevated LDL-C, lipoprotein(a) [Lp(a)], and inflammation are
associated with greater risk for atherosclerotic cardiovascular events. Consumption of individual
nut types decreases these risk factors but knowledge about the effect of mixed nuts on Lp(a) is
limited. The objective of this study was to determine the effects of consuming 42.5 g/day of mixed
nuts on LDL-C, Lp(a), and inflammatory markers in individuals with overweight or obesity.

Methods and results: In a 16-week randomized control trial, 29 participants with overweight
or obesity (BMI 25-40 kg/m?2) consumed either 42.5 g/day of mixed nuts (cashews, almonds,
macadamia nuts, Brazil nuts, pecans, pistachios, walnuts, and peanuts) or 69 g/day isocaloric
pretzels. Blood samples were collected at baseline, week 8, and week 16 for analysis on total
cholesterol (TC), LDL-C, Lp(a), inflammation markers, glucose, insulin, adiponectin and liver
function enzymes. No significant differences were seen in TC, LDL-C, HDL-C, Lp(a), or liver
function enzymes between the two groups. Participants consuming mixed nuts had significantly
lower body fat percentage and diastolic blood pressure, and higher adiponectin (all < 0.05).
C-reactive protein (CRP) and 8-oxo-deoxyguanosis (8-oxodG) showed non-significant decreasing
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trends and total antioxidant capacity (TAC) had a non-significant increasing trend in the mixed nut
group.

Conclusion: Consumption of mixed nuts had no evidence of an effect on LDL-C or Lp(a)
throughout the intervention. Notably, mixed nut consumption lowered body fat percentage without

significant changes in body weight or BMI. Future studies with larger sample sizes investigating
the changing trends of CRP, 8-oxodG, and TAC are warranted.

Clinical trial register: NCT03375866.
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Cardiovascular disease; Mixed nuts; LDL cholesterol; Lipoprotein(a) [Lp(a)]; Obesity; Lipid
profiles; Inflammation

1. Introduction

Overweight and obesity are major public health concerns as they are major risk factors

for the development of atherosclerosis [1], a major contributor to cardiovascular disease
(CVD) [2]. In fact, there is a ten percent increase in the risk for atherosclerosis for every
one-point increase in an individual’s BMI above normal weight [1]. Additionally, obesity
is associated with dyslipidemia [1], which contributes to atherosclerosis and higher risk

of CVD. Atherosclerosis is a chronic inflammatory disease, which causes fatty-plaque
formation to occur in the arterial walls [2]. Initiation of plaque formation occurs when the
inner layer of the endothelial cells of the arterial wall is damaged from either hypertension,
hypercholesterolemia, hyperglycemia, cigarette smoking, or unhealthy dietary habits [2].
Cholesterol is then deposited within the damaged endothelium by circulating cholesterol-
rich apolipoprotein B (ApoB)-containing lipoprotein particles, e.g., low-density lipoprotein
cholesterol (LDL-C), very low-density lipoprotein cholesterol (VLDL-C), or lipoprotein(a)
[Lp(a)], and it then becomes oxidized. Oxidation activates the endothelium to initiate an
inflammatory response, thus causing the following cascade of events: monocyte infiltration,
foam cell formation, plague development, and ultimately, occlusion of the artery that
decreases blood flow to major organs [2,3].

Along with elevated LDL-C, elevated Lp(a) levels may play a critical role in the progression
of atherosclerosis. Lp(a) is an LDL variant and has an LDL-like particle in which ApoB

is covalently bound to apolipoprotein(a) [Apo(a)] [4]. Serum concentration of Lp(a) vary
between persons depending on genetic variation in LPA encoding apo(a) [4]. Assembly of
apo(a) to a LDL-like particle is proposed to occur either on the surface of the hepatocyte

or in circulation [4,5]. Several studies have shown that Lp(a) has pro-inflammatory

oxidized phospholipids (OxPL) attached to apo(a) [6,7]. The presence of OxPLs potentially
being taken up by the damaged endothelial cells could accelerate the development of
atherosclerotic plaques [8].

Evidence from genetic and clinical studies has consistently demonstrated that elevated
LDL-C (>130 mg/dL) and Lp(a) (>75 nM) are associated with a higher risk of CVD [9-12].
Previous data have suggested that reduction of LDL-C could reduce Lp(a) levels [4]. As
such, most clinical trials have aimed to evaluate therapies that lower LDL-C, reasoning
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that the reduction of circulating LDL particles would decrease apo(a) binding to LDL thus
decreasing the formation of Lp(a) [13,14]. Since elevated LDL-C is primarily driven by
unhealthy dietary habits, it would stand to reason that changes in diet could also be a form of
preventative treatment.

Several clinical trial studies have consistently shown that nut consumption can reduce

the risk factors for CVD. Nuts have a unique composition of unsaturated fats, soluble
fibers, antioxidants, and phytochemicals, which have favorable effects on blood lipids and
lipoproteins, such as triglycerides, total cholesterol (TC), LDL-C, and ApoB [15]. Previous
studies have demonstrated that the individual composition of almonds, pistachios, walnuts,
Brazil nuts, and macadamia nuts can significantly decrease LDL-C and TC, and increase
HDL-C [16-20]. A few studies have demonstrated that nut consumption can decrease
Lp(a). For example, 73 g/day of almond reduced Lp(a) in a cohort of hyperlipidemic
patients [21]. Similarly, healthy adults consuming a pecan-enriched diet (72 g/day) [22] and
hypercholesterolemic adults consuming a Mediterranean diet with walnuts (41-56 g/day)
have experienced reduction in Lp(a) as well [23]. However, few studies have evaluated the
effects of consuming mixed nuts on Lp(a) levels in populations with overweight or obesity,
conditions that increase CVD risk [1].

The aim of the randomized controlled trial (RCT) was to examine the effects of mixed

nut supplementation on Lp(a), lipid profiles, and inflammation. We hypothesized that diets
supplemented with 42.5 g/day of mixed nuts would decrease levels of LDL-C, Lp(a), and
inflammation markers in overweight and obese individuals.

2. Methods

2.1. Participants

Men and women with overweight or obesity (n = 34, BMI 25-40 kg/m?), between the ages
of 20-55 years, were recruited by posting fliers locally. Participants were eligible if they
were: nonsmokers, not pregnant, not using any dietary supplements, had no known medical
problems related to metabolic disorders or chronic inflammation, were not allergic to nuts
or wheat, and were overweight or obese. The exclusion criteria included: cigarette smoker,
pregnant, currently using dietary supplements, had a known medical condition related to
metabolic disorders or chronic inflammation, had a nut or wheat allergy, were overweight or
obese. Written informed consent was obtained from participants at the baseline laboratory
visit.

2.2. Study design

Based on a previous human trial of nut consumption on LDL cholesterol [24], a power
analysis (G*Power, Germany), with 70% power and an alpha-level of £< 0.05, indicated
that significant differences would be detectable with a sample size of 14 subjects per group.
Twenty-nine participants were randomly assigned to either consume the pretzel control (n =
15 [8M/7W], age: 26.8 + 8.5 years) or mixed nut intervention (n = 14 (7M/7W), age: 28.3 =
10.1 years) for 16 weeks. Participants were subject to 3 block randomizations, i.e., 3 subjects
assigned to the mixed nut group then 3 subjects assigned to the pretzel group then back to
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the mixed nut group and so on. Participants were blinded to what other variables they were
being compared to and what other participants were doing. Subjects were only informed on
their own snack. In order to avoid allocation bias, the lead investigator was the only one with
the randomization sequence, and randomly assigned participants to their respective groups.
The lead investigator did not meet the participants. Research assistants were in charge of
informing participants which group they were in.

All participants made three laboratory visits while in a fasted state at baseline, week 8, and
week 16. At baseline, a medical history was taken. At each visit, participants were asked
to fill out a physical activity form and provide two 24-h recalls of food and beverage
consumption for dietary analysis; in addition, participants fasting blood samples were
collected by a venipuncture and anthropometric measurements were collected as well. This
study protocol was approved by the San Diego State University Institutional Review Board
and registered at ClinicalTrial.gov (#NCT03375866).

2.3. Diet intervention

Participants randomly assigned to the intervention group were provided with 42.5 g/day
packets of mixed nuts consisting of 25.5 g of nut mixture (cashews, almonds, macadamia
nuts, Brazil nuts, pecans) (Kirkland Signature, Issaquah, WA, USA), 5 g of pistachios, 5

g of walnuts, and 7 g of peanuts. The amount of mixed nuts provided, 42.5 g (1.5 0z), is
approximately a small handful (1-2 oz) of nuts, which is approved as an FDA qualified
health claim [25]. Participants in the control group were given pre-weighed packets (69
g/day) of unsalted pretzels (Snyder’s, Charlotte, NC, USA). The nutrient composition of
snacks was matched for sodium (mixed nuts 163 mg; pretzels 173 mg) and energy (253
kcal). The following macronutrient quantities varied respectively between pretzel versus
mixed nut groups: carbohydrate (56.5 ¢, 9 g), protein (6.8 g, 7 g), and fat (0 g, 21 g).
Participants were advised to consume one daily pre-weighted serving while maintaining
their usual diet and physical activity. Compliance was monitored through email and phone
reminders throughout the study. Diet intake was analyzed using the Food Processor Nutrition
Analysis Software (ESHA Research, Salem, OR, USA).

2.4. Anthropometric and physiological measures

Body weight and height were measured using a weigh beam eye-level mechanical physician
scale (Detecto, Webb City, MO, USA), and percent body fat was analyzed using a dual-
energy X-ray absorptiometry (DXA,; Prodigy, GE Healthcare, Chicago, IL, USA). Blood
pressure (BP) was measured using an electronic BP monitor (Omron Healthcare, Kyoto,
Japan). Waist and hip circumferences were measured using a tape measure and waist to hip
(W/H) ratio was calculated. Anthropometric and physiological measures were collected at
all three time points (baseline, week 8 and week 16).

2.5. Biochemical analysis

The fasted blood samples were collected, and serum was separated by centrifugation at
1200xg for 10 min at 4 °C and stored at =80 °C for further analysis. Glucose was measured
using the Glucose Liqui Color assay kit (EKF Diagnostics, Cardiff, UK). Glucose level was
determined by the color intensity of the quinone complex according to the manufacturer’s
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instructions. Absorbance was read at 500 nm. Insulin was measured using a sandwich

type enzyme-linked immunosorbent assay (ELISA) kit. Samples were incubated with the
detection antibody and then 3,3",5,5 -tetramethylbenzidine (TMB) substrate. A stop solution
was added, and absorbance was read at 500 nm. Adiponectin was tested using an ELISA kit
(RayBiotech, Norcross, GA, USA). Samples were incubated with biotinylated anti-human
adiponectin antibodies, horseradish peroxidase (HRP) conjugated streptavidin, and then
TMB substrate solution sequentially. The stop solution changed the color of the sample from
blue to yellow and absorbance was read at 450 nm.

Triglyceride (TG), total cholesterol (TC), and high-density lipoprotein cholesterol (HDL-C)
were analyzed colorimetrically (EKF Diagnostics). LDL-C levels were calculated using the
Friedewald equation (LDL-C = TC — HDL-C - (TG/5)) [26].

Lp(a) was measured using an ELISA kit that detected apo(a). The protocol used a Sandwich-
ELISA detection method utilizing LPA4 (Millipore Sigma, Burlington, MA, USA) as

the capture antibody, a biotin-labeled LPA4 detection antibody (Millipore Sigma), and
Neutravidin (Thermo Fisher, Grand Island, NY, USA) with Lumiphos (Lumigen, Southfield,
MI, USA) for fluorescence reading. This protocol was provided in collaboration with Dr.
Sam Tsimikas at the University of California at San Diego.

Liver function enzymes, including aspartate aminotransferase (AST), alanine transaminase
(ALT), alkaline phosphatase (ALP), lactate dehydrogenase (LDH), creatine kinase (CK),
and gamma-glutamyl transferase (y-GT), were analyzed using kits from EKF Diagnostics
following the manufacturer’s manual. AST and ALT activities were analyzed by measuring
the rate of oxidation of NADH per minute, while LDH activity was tested by measuring the
rate of reduction of NAD to NADH per minute. ALP activity was detected by the formation
of 4-nitrophenol per minute. CK activity was tested by the presence of an antibody to CK-M
monomer per minute. y-GT activity was analyzed by the rate of liberation of 5-amino-2
nitrobenzoate per minute. Absorbance of AST, ALT, LDH, and CK were read at 340 nm,
while ALP and y-GT were read at 405 nm.

C-reactive protein (CRP) was analyzed using an ELISA kit (Immundiagnostik AG,
Bensheim, Germany). Samples were incubated with coated antibodies and then peroxidase-
labeled detection antibodies. Samples were tested for absorbance at 450 nm.

Total antioxidant capacity (TAC) was determined colorimetrically using a kit from Cayman
Chemical Company (Ann Arbor, MI, USA). Trolox equivalents TAC was measured using
the ABTS (2,2"-azino-his-3-ethylbenzthiazoline-6-sulfonic acid) decolorization method.

High mobility group box protein 1 (HMGBL1) levels were determined using an ELISA

kit (MyBioSource, San Diego, CA, USA). Serum samples were incubated with a biotin-
conjugated antibody, an avidin conjugated HRP, and then a substrate solution. When mixing
a stop solution to stop the color change, absorbance was read at 450 nm.

Eight-oxo-deoxyguanosine (8-oxodG) was measured using the ELISA kit Il (Trevigen,
Gaithersburg, MD, USA). An 8-OHdG monoclonal antibody binds competitively to 8-
oxodG in serum samples. An HRP conjugate was used as a secondary antibody and

Nutr Metab Cardiovasc Dis. Author manuscript; available in PMC 2024 December 16.
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detection was performed with colorimetric substrate. Product formation is inversely
proportional to the amount of 8-OHdG present in the sample.

2.6. Statistical analysis

Data was analyzed using SPSS version 24 (IBM, Armonk, NY, USA). Normality was
assessed prior to analysis to determine possible outliers. Outliers were excluded from follow
up analysis if they were 2.58 standard deviation (SD) units away from the mean. One
cholesterol outlier was excluded from the analysis. Whether this outlier was included or

not, it did not affect the statistical significance of the analysis. A mixed repeated measures
ANOVA was used to determine if there were significant differences in treatment groups over
time. If significant interactions were observed, follow-up Bonferroni post-hoc tests were
performed. If data were not normally distributed, non-parametric tests were also applied.
Lp(a), HDL-C and adiponectin data were analyzed using non-parametric tests (Mann-
Whitney U'test and Wilcoxon Rank Sum Test) between trials and over time, respectively.

If basal values were significantly different following independent t-tests, an ANCOVA was
performed using the baseline values as a covariate. Baseline values were different between
trials in ALP and LDH measurements, therefore an ANCOVA was performed on them.
Cohen’s d values were calculated to determine the effect size. All results are expressed

as means + SDs. A Pvalue < 0.05 was considered statistically significant. Intra-assay of
coefficient of variation (CV) for biochemical measures were calculated by dividing the
standard deviation (SD) of a set of measurements by the mean of the set and multiplying by
100.

3. Results

3.1.

Demographic

Of the 34 participants who passed the initial screening, 29 completed the study and their
data was analyzed (Fig. 1). Fifteen were males and 14 were females. The mean age of

the participants was 27.6 years. There were no significant differences in physical activity
between groups (Supplemental Table 1). Non-completers dropped out of the study due

to personal reasons (moving or non-compliance) and their data was not included in the
analysis. Baseline characteristics did not significantly differ between treatment groups and
therefore were not used as covariates in subsequent analyses.

3.2. Anthropometry

There were no significant differences in BMI, body weight, and W/H ratio between groups.
However, body fat varied over the length of the intervention with significant increases
observed between baseline and week 16 in the pretzel group, and significant decreases
observed during the same time points in the mixed nuts group (P < 0.05; Cohen’s d = 0.57)
(Table 1). Body fat percentage was higher in the pretzel group compared to the mixed nut
group at week 16 (P< 0.05).

The mixed nuts group had a non-significant tendency towards reductions in mean diastolic
blood pressure (DBP) between baseline to week 8 (P = 0.06), while significant decreases
were observed between baseline to week 16 (P= 0.04; Cohen’s d = 0.49) (Table 1). The

Nutr Metab Cardiovasc Dis. Author manuscript; available in PMC 2024 December 16.
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pretzel group did not have any significant differences at any time point. Between the pretzel
and the mixed nut groups, no significant differences for DBP were found at any time point.

3.3. Lipid profile and Lp(a)

There were no significant differences in TG, TC, HDL-C, or LDL-C between groups

over the course of the intervention (Table 2). No significant differences were detected
between the two treatment groups or over time on Lp(a) (Fig. 2A). Lp(a) values were
adjusted to compare individual participants to their baseline levels. There were no significant
differences between the participants consuming mixed nuts or pretzels (Fig. 2B).

3.4. Glucose, insulin, and adiponectin

Mixed nut consumption showed lower glucose level at week 8 (P=0.01; Cohen’sd =
0.78), while there were no significant changes with pretzel consumption (Table 2). There
was no significant difference for insulin between groups over time. The mixed nuts group
showed increased adiponectin level in week 16 (P=0.03; Cohen’s d = 0.56) while there
were no significant changes in the pretzel group. At baseline, weeks 8 and 16, there

were no significant differences between the pretzel and mixed nut groups for glucose and
adiponectin.

3.5. Liver function enzymes

There were no significant changes between the groups for liver function enzymes (AST,
ALT, ALP, LDH, CK, and -y-GT). There were no significant changes observed over time for
either group (Table 2).

3.6. CRP, HMGB1, 8-ox0dG, and total antioxidant capacity

3.7.

Mixed nuts consumption resulted in a non-significant tendency towards lower CRP in
contrast to an increasing non-significant tendency with pretzels (P= 0.07) (Table 3).
There was a non-significant tendency of lower 8-oxodG with mixed nut consumption, but
pretzels showed an increased non-significant tendency at week 8 (£ = 0.06). There were
no significant changes between the groups on HMGBL1 over time. TAC had an increasing
non-significant tendency with mixed nut consumption (£ = 0.06) but no significant effect
with pretzel consumption.

Dietary intake

Monounsaturated fatty acid (MUFA) (P < 0.01), polyunsaturated fatty acid (PUFA) (P<
0.01), and magnesium intakes (£ = 0.02) were significantly higher in the mixed nut group
compared to the pretzel group at week 8 and week 16, while no significant differences
were observed between groups at baseline (Fig. 3). The MUFA and PUFA intakes were not
significantly different between the baseline and week 8 or 16 for either group. There were
no significant differences in Kcal, fat, protein, or fiber intakes between groups over the time
(Supplemental Table 2).

Nutr Metab Cardiovasc Dis. Author manuscript; available in PMC 2024 December 16.
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4. Discussion

Many studies have examined the lipid profile responses to individual nuts but to our
knowledge this is the first RCT that has assessed the effect of mixed nuts on both LDL-C
and Lp(a) in overweight and obese adults. In the present study, mixed nut supplementation
reduced some CVD risk factors such as body fat percentage, DBP, glucose, and adiponectin
in obese and overweight adults. Additionally, supplementation showed a decreasing non-
significant tendency on CRP and 8-oxodG, and an increasing non-significant tendency

on TAC, but had no effect on plasma lipids, Lp(a), insulin, liver function enzymes, and
HMGBL.

There are several potential reasons that could explain why there were no changes seen in
LDL-C. Our study population were obese and overweight adults with no known metabolic
disorders. Most nut-based clinical trials have shown the greatest reduction in LDL-C in
hyperlipidemic populations [15,21,27]. These individuals have elevated lipid levels, thus
detecting statistically significant reductions is easier. Studies have shown that only at higher
doses of nut consumption (=60 g/d) will reductions in LDL-C be observed [15,21,27]. Our
participants only consumed 42.5 g/day of mixed nuts, which might have been below the
threshold for observing differences.

High Lp(a) level is prevalent in 30-50% of the patients with the heterozygous form of
familial hypercholesterolemia, which is linked to significantly higher LDL-C [28]. Lp(a)
plasma concentration is affected by the FH mutation gene and located in LDL receptors
[28]. However, limited evidence has demonstrated that circulating Lp(a) levels can be
significantly influenced by lifestyle factors such as diet and physical activity [4]. There was
a prevailing thought that dietary intervention did not affect Lp(a) concentrations [29]; and
in the present study, there were no significant differences in Lp(a) concentrations in either
group. These results are similar to that of a study done by Tindall et al. in that a diet with
increased walnuts or vegetable oils and decreased saturated fat did not significantly change
Lp(a) after 6-weeks [30]. Despite this, however, several studies highlighted by Enkhmaa et
al. [29] have demonstrated that Lp(a) is in fact influenced by dietary interventions; albeit
with inconsistencies. For example, previous studies have demonstrated that when dietary
saturated fat is reduced, individuals may experience an increase in Lp(a) concentrations
after 8-weeks [31]. Similarly, when saturated fat is reduced and replaced with MUFA or
carbohydrates for 7-weeks, Lp(a) concentrations may increase as well [32]. However, a
more recent study has shown Lp(a) can be reduced after 5-weeks with a reduction in
saturated fat and increase in MUFA [33]. Moreover, almond supplementation (73 g/day)
support the reduction of LDL-C and concomitant reduction of Lp(a) in hyperlipidemic
individuals [21]. It has also been shown that a plant-based diet eaten ad-libitum for 4 weeks
can substantially reduce Lp(a) concentrations by 16% [34]. Notably, LDL-C was reduced
in the aforementioned studies [31e34]. These inconsistencies seen in Lp(a) outcomes may
be due to the different methods of measuring Lp(a), where some research groups utilized
vertical auto profiling [30,33], a method that has poor correlation to Lp(a) mass versus
using an immunochemical assay [29]. Also, since circulating Lp(a) levels may be genetically
determined [4,35], we suspect that inconsistencies may be related to genetic factors as
well. For example, the interindividual range of Lp(a) concentrations can be a little as 0.1
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mg/dL and up to 300 mg/dL, which is a more than a 1000-fold range [35]. Population

based studies have shown that individuals from sub-Saharan Africa have much higher Lp(a)
concentrations compared to those from Europe and Asia largely due to the plasminogen
gene kringle domain K1V repeat size polymorphism [35]. Other than the KIV repeat

size polymorphism, there are other genetic variants of the LPA gene that also influence
Lp(a) concentrations. Thus, genetic profiling will be necessary to better understand the
mechanisms influencing Lp(a) concentrations. Further research is also required to elucidate
the specific mechanisms that contribute to the reduction in Lp(a) concentrations with various
dietary interventions such as differing macronutrient and fatty acid compositions.

Significant increases in PUFA and MUFA were observed in the mixed nut group at weeks

8 and 16 compared to the pretzel group. Almonds, cashews, pistachios and macadamia

nuts have high MUFA content (>55%) while peanuts, pecans, Brazil nuts and walnuts have
high PUFA content (>50%) [36]. MUFA and PUFA both have the ability to modulate
plasma LDL-C through various mechanisms. PUFA decreases cholesterol via upregulation
of the LDL receptor and by heightening CYP7 (cholesterol 7 alpha-hydroxylase) activity
responsible for bile synthesis [37]. MUFA decreases LDL-C through reductions in CETP
(elevated cholesteryl ester transfer protein) activity which positively correlates with VLDL-
C and LDL-C [38]. Despite significant increases in MUFA and PUFA, reductions in LDL-C
were not observed in the mixed nut group likely due to the lower intake of nuts compared to
other similar studies that observed favorable changes in LDL-C [27].

Body fat was reduced in the mixed nut group and increased in the pretzel group during the
intervention. Previous literature has suggested that nut consumption elevates fat oxidation
which may provide a mechanism for attenuation of body fat accumulation over time.
Specifically, acute consumption of 25-35 g walnuts was shown to increase postprandial
fat oxidation when compared to a control diet in overweight and obese adults [39]. Other
potential metabolic pathways may reduce adiposity with nut consumption, such as appetite
control, replacement of unfavorable nutrients, better energy metabolism, or improving gut
microbiome function [40]. Another possible mechanism of reduced adiposity with nut
consumption is that nuts have been shown to be less bioaccessible thus providing less
metabolizable energy than what has been predicted by the Atwater factors [41-44]. Human
studies examining the mechanism of nut consumption on fat loss are warranted.

DBP was reduced in the mixed nut group throughout the intervention. This finding is
consistent with a meta-analysis examining the effects of various nut consumption on BP.
Similar to our findings, an all-nut intake had no significant effects on reducing systolic
BP [45]. However, DBP was significantly lowered with both pistachio only and mixed
nut consumption [45]. Similarly, a meta-analysis examining the effect of almond intake on
blood pressure found that almond intake only reduces DBP [46]. A possible explanation
for the reduction in only DBP could be that nuts may be improving peripheral vascular
resistance rather than total peripheral resistance [46]. Increased intake of nuts has been
associated with reductions in hypertension due to its array of macro- and micronutrients.
Magnesium, potassium, calcium, dietary fiber, MUFA, and PUFA have been proposed

to interact beneficially to reduce BP. More specifically, high MUFA and PUFA content
plays a role in reducing serum levels of thromboxane 2, a vasoconstrictor influencing BP,
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while magnesium stimulates vasodilation via production of nitric oxide and vasodilator
prostacyclins [47]. However, only magnesium, MUFA, and PUFA demonstrated statistical
significance in food intakes in this study, and it is likely the combination of these nutrients
that collectively led to the reduction of BP.

The combination of fatty acids and bioactive components in nuts may play a role in
regulating fasting blood glucose levels, but the exact mechanisms by which this occurs

is unclear [48]. It is thought that nuts may be increasing insulin sensitivity thus resulting
in increased glucose uptake and reduced fasting blood glucose level [48]. Alternatively,
the effect nuts have may be through non-insulin mediated pathways, such as delayed
gastric emptying, resulting in lower postprandial glucose excursions [48]. Our study found
a significantly lower glucose level at week 8 in the mixed nut group and no significant
difference for insulin between groups over time. These results align with the pistachio
study’s finding for both glucose and insulin [49]. It is unclear as to why the lower glucose
did not persist to week 16. This may be due to confounding dietary factors or a transient
effect although more studies are needed to clarify this. Interestingly, other studies have
reported a similar outcome [50,51].

Adiponectin helps prevent vascular changes, glucose and lipid metabolism impairment, and
insulin resistance. It is secreted from adipose tissues, goes into the injured arteries, and
prevents the progression of atherogenic vascular changes [52]. Adiponectin plasma level
decreases with the accumulation of body fat, especially visceral adipose tissue, although
the mechanism is uncertain [52]. Adiponectin is also found in lower levels in diabetic and
ischemic heart diseases patients [52]. This study found an increased adiponectin level at
week 16 with mixed nuts consumption. The similar beneficial effect on adiponectin was
found in the pistachio and walnut studies [53,54]. However, almond and mixed nuts studies,
which were only 8 weeks in length, did not show increasing adiponectin levels [55,56].

CRP is an important inflammatory marker and an independent predictor of CVD and
diabetes. 8-oxodG is a biomarker for oxidative stress and an indicator of DNA damage.

Our study found that there was a non-significant tendency towards lower CRP and 8-oxodG,
and an increasing non-significant tendency of TAC. Bioactive nutrients of nuts such as n-3
PUFA, antioxidants, vitamins, dietary fiber, L-arginine, and magnesium may play important
roles in lowering inflammation, oxidative stress, and the risk of cardiovascular mortality and
type 2 diabetes [57].

Nut consumption can help improve both obesity and dyslipidemia thus reducing the risk for
CVD. Although our study did not show significant improvements in body weight, there was
a reduction in body fat and an increase in lean body mass. Increasing lean mass and reducing
fat mass lowers the risk of CVD [58]. Previous research has shown that a walnut-enriched
diet and an almond-enriched diet can reduce body weight and improve lipids and blood
pressure [59,60]. Reductions in body weight can also improve fasting blood glucose levels,
which can help to reduce the risk for atherosclerosis and CVD. In the present study, mixed
nuts reduced fasting blood glucose levels by week 8. Similar to the previous research, a
pecan-enriched diet has been shown to reduce fasting blood glucose as well [60].
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The strengths of this study provided new insight on effects of long-term mixed nut
consumption in overweight and obese adults. Additionally, this study is the first RCT

that has tested both LDL-C and Lp(a) as a function of mixed nut consumption. However,
the small sample size of this study limits the generalizability of the results. Furthermore,
this study lacked participants with a healthy body weight, which may also limit the
generalizability of the findings. To address these limitations, future studies should aim to
include larger sample sizes and participants with a healthy body weight. Additionally, future
studies could focus on subjects with higher CVD risk factors, such as high LDL-C, to
examine the role of mixed nut consumption on Lp(a).

In conclusion, this 16-week mixed nut intervention showed significant improvement on body
fat percentage, DBP, glucose, and adiponectin, and beneficial non-significant tendencies on
CRP, 8-0x0dG, and TAC. However, no significant effects were found on LDL-C and Lp(a)
levels over a 16-week dietary intervention in overweight or obese adults. Considering the
ease of including mixed nuts into the diet, and the findings of this study with effect sizes,
namely in body fat amount, DBP, glucose and adiponectin, the results might be clinically
meaningful in health improvements for individuals with overweight or obesity.
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ELISA enzyme-linked immunosorbent assay
HDL-C high-density lipoprotein cholesterol
HMGB1 high mobility group box protein 1
HRP horseradish peroxidase
LDH lactate dehydrogenase
LDL-C low-density lipoprotein cholesterol
Lp(a) lipoprotein(a)
MUFA monounsaturated fatty acid
OxPL oxidized phospholipids
PUFA polyunsaturated fatty acid
RCT randomized controlled trial
SD standard deviation
TAC total antioxidant capacity
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v-GT gamma-glutamyl transferase

References

[1]. Henning RJ. Obesity and obesity-induced inflammatory disease contribute to atherosclerosis: a
review of the pathophysiology and treatment of obesity. Am J Cardiovasc Dis 2021;11:504-29.
[PubMed: 34548951]

[2]. Soehnlein O, Libby P. Targeting inflammation in atherosclerosis — from experimental insights
to the clinic. Nat Rev Drug Discov 2021; 20:589-610. 10.1038/s41573-021-00198-1. [PubMed:
33976384]

[3]. Lusis AJ. Atherosclerosis. Nature 2000;407:233-41. 10.1038/35025203. [PubMed: 11001066]

[4]. Tsimikas S A test in context: lipoprotein(a): diagnosis, prognosis, controversies, and
emerging therapies. J Am Coll Cardiol 2017;69:692—711. 10.1016/j.jacc.2016.11.042. [PubMed:
28183512]

Nutr Metab Cardiovasc Dis. Author manuscript; available in PMC 2024 December 16.



1duosnuey Joyiny asuel||y yaseasay yiesH

1duosnuey Joyiny aduel|ly yosessay yiesH

Nora et al. Page 13

[5]. McCormick SPA. Lipoprotein(a): biology and clinical importance. Clin Biochem Rev 2004;25:69—
80. [PubMed: 18516206]

[6]. Edelstein C, Pfaffinger D, Hinman J, Miller E, Lipkind G, Tsimikas S, et al. Lysine-
phosphatidylcholine adducts in kringle V impart unique immunological and potential pro-
inflammatory properties to human apolipoprotein(a). J Biol Chem 2003;278:52841-7. 10.1074/
jbc.M310425200. [PubMed: 14557258]

[7]. Tsimikas S, Bergmark C, Beyer RW, Patel R, Pattison J, Miller E, et al. Temporal increases
in plasma markers of oxidized low-density lipoprotein strongly reflect the presence of acute
coronary syndromes. J Am Coll Cardiol 2003;41:360-70. 10.1016/S0735-1097(02)02769-9.
[PubMed: 12575961]

[8]. Tayal D, Goswami B, Ch B, Koner R, Mallika V. Role of homocysteine and lipoprotein(a) in
atherosclerosis: an update. Biomed Res 2011;22.

[9]. Clarke R, Peden JF, Hopewell JC, Kyriakou T, Goel A, Heath SC, et al. Genetic variants associated
with Lp(a) lipoprotein level and coronary disease. N Engl J Med 2009;361:2518-28. 10.1056/
NEJM0a0902604. [PubMed: 20032323]

[10]. Emdin CA, Khera AV, Natarajan P, Klarin D, Won H-H, Peloso GM, et al. Phenotypic
characterization of genetically lowered human lipoprotein(a) levels. J Am Coll Cardiol
2016;68:2761-72. 10.1016/j.jacc.2016.10.033. [PubMed: 28007139]

[11]. Goldstein JL, Brown MS. A century of cholesterol and coronaries: from plaques to genes to
statins. Cell 2015;161:161-72. 10.1016/j.cell.2015.01.036. [PubMed: 25815993]

[12]. Kamstrup PR, Tybjeerg-Hansen A, Steffensen R, Nordestgaard BG. Genetically elevated
lipoprotein(a) and increased risk of myocardial infarction. JAMA 2009;301:2331-9. 10.1001/
jama.2009.801. [PubMed: 19509380]

[13]. Ference BA, Ginsberg HN, Graham I, Ray KK, Packard CJ, Bruckert E, et al. Low-
density lipoproteins cause atherosclerotic cardiovascular disease. 1. Evidence from genetic,
epidemiologic, and clinical studies. A consensus statement from the European Atherosclerosis
Society Consensus Panel. Eur Heart J 2017;38:2459-72. 10.1093/eurheartj/ehx144. [PubMed:
28444290]

[14]. Silverman MG, Ference BA, Im K, Wiviott SD, Giugliano RP, Grundy SM, et al. Association
between lowering LDL-C and cardiovascular risk reduction among different therapeutic
interventions: a systematic review and meta-analysis. JAMA 2016; 316:1289-97. 10.1001/
jama.2016.13985. [PubMed: 27673306]

[15]. Del Gobbo LC, Falk MC, Feldman R, Lewis K, Mozaffarian D. Effects of tree nuts on
blood lipids, apolipoproteins, and blood pressure: systematic review, meta-analysis, and dose-
response of 61 controlled intervention trials. Am J Clin Nutr 2015;102:1347-56. 10.3945/
ajcn.115.110965. [PubMed: 26561616]

[16]. Jaceldo-Siegl K, Sabaté J, Batech M, Fraser GE. Influence of body mass index and serum lipids
on the cholesterol-lowering effects of almonds in free-living individuals. Nutr Metab Cardiovasc
Dis NMCD 2011;21(Suppl 1):S7-13. 10.1016/j.numecd.2011.03.007. [PubMed: 21570268]

[17]. Aldemir M, Okulu E, Neselioglu S, Erel O, Kayigil O. Pistachio diet improves erectile function
parameters and serum lipid profiles in patients with erectile dysfunction. Int J Impot Res
2011;23:32-8. 10.1038/ijir.2010.33. [PubMed: 21228801]

[18]. Wu H, Pan A, Yu Z, Qi Q, Lu L, Zhang G, et al. Lifestyle counseling and supplementation
with flaxseed or walnuts influence the management of metabolic syndrome1‘4. J Nutr
2010;140:1937-42. 10.3945/jn.110.126300. [PubMed: 20826632]

[19]. Cominetti C, de Bortoli MC, Garrido AB, Cozzolino SMF. Brazilian nut consumption improves
selenium status and glutathione peroxidase activity and reduces atherogenic risk in obese women.
Nutr Res N'Y N 2012;32:403-7. 10.1016/j.nutres.2012.05.005.

[20]. Griel AE, Cao Y, Bagshaw DD, Cifelli AM, Holub B, Kris-Etherton PM. A macadamia nut-rich
diet reduces total and LDL-cholesterol in mildly hypercholesterolemic men and women. J Nutr
2008;138:761-7. 10.1093/jn/138.4.761. [PubMed: 18356332]

[21]. Jenkins DJA, Kendall CWC, Marchie A, Parker TL, Connelly PW, Qian W, et al. Dose response
of almonds on coronary heart disease risk factors: blood lipids, oxidized low-density lipoproteins,

Nutr Metab Cardiovasc Dis. Author manuscript; available in PMC 2024 December 16.



1duosnuey Joyiny asuel||y yaseasay yiesH

1duosnuey Joyiny aduel|ly yosessay yiesH

Nora et al.

[22].

[23].

[24].

[25].

[26].

[27].

[28].

[29].

[30].

[31].

[32].

[33].

[34].

[35].

[36].

[37].

Page 14

lipoprotein(a), homocysteine, and pulmonary nitric oxide. Circulation 2002;106:1327-32.
10.1161/01.CIR.0000028421.91733.20. [PubMed: 12221048]

Rajaram S, Burke K, Connell B, Myint T, Sabaté J. A monounsaturated fatty aciderich pecan-
enriched diet favorably alters the serum lipid profile of healthy men and women. J Nutr
2001;131:2275-9. 10.1093/jn/131.9.2275. [PubMed: 11533266]

Zambon D, Sabaté J, Mufioz S, Campero B, Casals E, Merlos M, et al. Substituting
walnuts for monounsaturated fat improves the serum lipid profile of hypercholesterolemic
men and women. A randomized crossover trial. Ann Intern Med 2000;132: 538-46.
10.7326/0003-4819-132-7-200004040-00005. [PubMed: 10744590]

Spiller GA, Jenkins DAJ, Bosello O, Gates JE, Cragen LN, Bruce B. Nuts and plasma lipids:
an almond-based diet lowers LDL-C while preserving HDL-C. J Am Coll Nutr 1998;17:285-90.
10.1080/07315724.1998.10718761. [PubMed: 9627917]

Ternus M, McMahon K, Lapsley K, Johnson G. Qualified health claim for nuts and heart
disease prevention: development of consumer-friendly language. Nutr Today 2006;41:62.
10.1097/00017285-200603000-00005.

Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density
lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge. Clin Chem
1972;18:499-502. [PubMed: 4337382]

Sabaté J, Oda K, Ros E. Nut consumption and blood lipid levels: a pooled analysis of

25 intervention trials. Arch Intern Med 2010; 170:821-7. 10.1001/archinternmed.2010.79.
[PubMed: 20458092]

Vuorio A, Watts GF, Schneider WJ, Tsimikas S, Kovanen PT. Familial hypercholesterolemia and
elevated lipoprotein(a): double heritable risk and new therapeutic opportunities. J Intern Med
2020;287:2-18. 10.1111/joim.12981. [PubMed: 31858669]

Enkhmaa B, Petersen KS, Kris-Etherton PM, Berglund L. Diet and Lp(a): does dietary change
modify residual cardiovascular risk conferred by Lp(a)? Nutrients 2020;12:2024. 10.3390/
nul12072024. [PubMed: 32646066]

Tindall AM, Kris-Etherton PM, Petersen KS. Replacing saturated fats with unsaturated fats from
walnuts or vegetable oils lowers atherogenic lipoprotein classes without increasing lipoprotein(a).
J Nutr 2020;150:818-25. 10.1093/jn/nxz313. [PubMed: 31909809]

Ginsberg HN, Kris-Etherton P, Dennis B, Elmer PJ, Ershow A, Lefevre M, et al. Effects

of reducing dietary saturated fatty acids on plasma lipids and lipoproteins in healthy

subjects: the Delta Study, Protocol 1. Arterioscler Thromb Vasc Biol 1998;18:441-9.
10.1161/01.ATV.18.3.441. [PubMed: 9514413]

Berglund L, Lefevre M, Ginsberg HN, Kris-Etherton PM, Elmer PJ, Stewart PW, et al.
Comparison of monounsaturated fat with carbohydrates as a replacement for saturated fat in
subjects with a high metabolic risk profile: studies in the fasting and postprandial states. Am J
Clin Nutr 2007;86:1611-20. 10.1093/ajcn/86.5.1611. [PubMed: 18065577]

Wang L, Bordi PL, Fleming JA, Hill AM, Kris-Etherton PM. Effect of a moderate fat diet

with and without avocados on lipoprotein particle number, size and subclasses in overweight
and obese adults: a randomized, controlled trial. J Am Heart Assoc 2015;4:e001355. 10.1161/
JAHA.114.001355. [PubMed: 25567051]

Najjar RS, Moore CE, Montgomery BD. Consumption of a defined, plant-based diet reduces
lipoprotein(a), inflammation, and other atherogenic lipoproteins and particles within 4 weeks.
Clin Cardiol 2018;41:1062-8. 10.1002/clc.23027. [PubMed: 30014498]

Kronenberg F Human genetics and the causal role of lipoprotein(a) for various diseases.
Cardiovasc Drugs Ther 2016;30:87-100. 10.1007/s10557-016-6648-3. [PubMed: 26896185]
Kornsteiner-Krenn M, Wagner K-H, Elmadfa I. Phytosterol content and fatty acid pattern of ten
different nut types. Int J Vitam Nutr Res Int Z Vitam- Ernahrungsforschung J Int Vitaminol Nutr
2013;83:263-70. 10.1024/0300-9831/a000168.

Fernandez ML, West KL. Mechanisms by which dietary fatty acids modulate plasma lipids. J
Nutr 2005;135:2075-8. 10.1093/jn/135.9.2075. [PubMed: 16140878]

Nutr Metab Cardiovasc Dis. Author manuscript; available in PMC 2024 December 16.



1duosnuey Joyiny asuel||y yaseasay yiesH

1duosnuey Joyiny aduel|ly yosessay yiesH

Nora et al. Page 15

[38]. Groener JEM, Ramshorst EM van, Katan MB, Mensink RP, Tol A van. Diet-induced alteration
in the activity of plasma lipid transfer protein in normolipidemic human subjects. Atherosclerosis
1991;87:221-6. 10.1016/0021-9150(91)90024-W. [PubMed: 1854368]

[39]. Tapsell L, Batterham M, Tan S-Y, Warensjd E. The effect of a calorie controlled diet
containing walnuts on substrate oxidation during 8-hours in a room calorimeter. J Am Coll
Nutr 2009;28:611-7. 10.1080/07315724.2009.10719793. [PubMed: 20439557]

[40]. Tindall AM, Petersen KS, Lamendella R, Shearer GC, Murray-Kolb LE, Proctor DN, et al. Tree
nut consumption and adipose tissue mass: mechanisms of action. Curr Dev Nutr 2018;2:nzy069.
10.1093/cdn/nzy069. [PubMed: 30488045]

[41]. Baer DJ, Novotny JA. Metabolizable energy from cashew nuts is less than that predicted by
Atwater factors. Nutrients 2018;11:33. 10.3390/nu11010033. [PubMed: 30586843]

[42]. Baer DJ, Gebauer SK, Novotny JA. Measured energy value of pistachios in the human diet. Br J
Nutr 2012;107:120-5. 10.1017/S0007114511002649. [PubMed: 21733319]

[43]. Baer DJ, Gebauer SK, Novotny JA. Walnuts consumed by healthy adults provide less available
energy than predicted by the Atwater factors. J Nutr 2016;146:9-13. 10.3945/jn.115.217372.
[PubMed: 26581681]

[44]. Novotny JA, Gebauer SK, Baer DJ. Discrepancy between the Atwater factor predicted and
empirically measured energy values of almonds in human diets’™4. Am J Clin Nutr 2012;96:296—
301. 10.3945/ajcn.112.035782. [PubMed: 22760558]

[45]. Mohammadifard N, Salehi-Abargouei A, Salas-Salvadé J, Guasch-Ferré M, Humphries K,
Sarrafzadegan N. The effect of tree nut, peanut, and soy nut consumption on blood pressure:
a systematic review and meta-analysis of randomized controlled clinical trials. Am J Clin Nutr
2015;101:966-82. 10.3945/ajcn.114.091595. [PubMed: 25809855]

[46]. Eslampour E, Asbaghi O, Hadi A, Abedi S, Ghaedi E, Lazaridi A-V, et al. The effect of almond
intake on blood pressure: a systematic review and meta-analysis of randomized controlled trials.
Compl Ther Med 2020;50:102399. 10.1016/j.ctim.2020.102399.

[47]. Casas-Agustench P, Lopez-Uriarte P, Ros E, Bulld M, Salas-Salvad6 J. Nuts, hypertension and
endothelial function. Nutr Metab Cardiovasc Dis NMCD 2011;21(Suppl 1):S21-33. 10.1016/
j.numecd.2011.01.009. [PubMed: 21546229]

[48]. Tindall AM, Johnston EA, Kris-Etherton PM, Petersen KS. The effect of nuts on markers of
glycemic control: a systematic review and meta-analysis of randomized controlled trials. Am J
Clin Nutr 2019;109:297-314. 10.1093/ajcn/nqy236. [PubMed: 30722007]

[49]. Parham M, Heidari S, Khorramirad A, Hozoori M, Hosseinzadeh F, Bakhtyari L, et al. Effects
of pistachio nut supplementation on blood glucose in patients with type 2 diabetes: a randomized
crossover trial. Rev Diabet Stud RDS 2014;11:190-6. 10.1900/RDS.2014.11.190. [PubMed:
25396407]

[50]. Hou Y-Y, Ojo O, Wang L-L, Wang Q, Jiang Q, Shao X-Y, et al. A randomized controlled trial to
compare the effect of peanuts and almonds on the cardio-metabolic and inflammatory parameters
in patients with type 2 diabetes mellitus. Nutrients 2018;10:1565. 10.3390/nu10111565.
[PubMed: 30360498]

[51]. Abbaspour N, Roberts T, Hooshmand S, Kern M, Hong MY. Mixed nut consumption
may improve cardiovascular disease risk factors in overweight and obese adults. Nutrients
2019;11:1488. 10.3390/nu11071488. [PubMed: 31261928]

[52]. Matsuzawa Y, Funahashi T, Kihara S, Shimomura I. Adiponectin and metabolic syndrome.
Arterioscler Thromb Vasc Biol 2004;24:29-33. 10.1161/01.ATV.0000099786.99623.EF.
[PubMed: 14551151]

[53]. Gulati S, Misra A, Pandey RM, Bhatt SP, Saluja S. Effects of pistachio nuts on body composition,
metabolic, inflammatory and oxidative stress parameters in Asian Indians with metabolic
syndrome: a 24-wk, randomized control trial. Nutr Burbank Los Angel Cty Calif 2014;30:192-7.
10.1016/j.nut.2013.08.005.

[54]. Lozano A, Perez-Martinez P, Marin C, Tinahones FJ, Delgado-Lista J, Cruz-Teno C, et al. An
acute intake of a walnut-enriched meal improves postprandial adiponectin response in healthy
young adults. Nutr Res N Y N 2013;33:1012-8. 10.1016/j.nutres.2013.08.010.

Nutr Metab Cardiovasc Dis. Author manuscript; available in PMC 2024 December 16.



Nora et al. Page 16

[55]. de Souza RGM, Gomes AC, Navarro AM, da Cunha LC, Silva MAC, Junior FB, et al. Baru
almonds increase the activity of glutathione peroxidase in overweight and obese women: a
randomized, placebo-controlled trial. Nutrients 2019;11:1750. 10.3390/nu11081750. [PubMed:
31366053]

[56]. Godwin N, Roberts T, Hooshmand S, Kern M, Hong MY. Mixed nuts may promote satiety
while maintaining stable blood glucose and insulin in healthy, obese, and overweight adults in
a two-arm randomized controlled trial. J Med Food 2019;22:427-32. 10.1089/jmf.2018.0127.
[PubMed: 30897012]

[57]. Salas-Salvad6 J, Casas-Agustench P, Murphy MM, Lépez-Uriarte P, Bull6 M. The effect of nuts
on inflammation. Asia Pac J Clin Nutr 2008;17(Suppl 1):333-6. [PubMed: 18296371]

[58]. Srikanthan P, Horwich TB, Tseng CH. Relation of muscle mass and fat mass to cardiovascular
disease mortality. Am J Cardiol 2016; 117:1355-60. 10.1016/j.amjcard.2016.01.033. [PubMed:
26949037]

[59]. Rock CL, Flatt SW, Barkai H-S, Pakiz B, Heath DD. Walnut consumption in a weight reduction
intervention: effects on body weight, biological measures, blood pressure and satiety. Nutr J
2017;16:76. 10.1186/512937-017-0304-z. [PubMed: 29202751]

[60]. Abazarfard Z, Salehi M, Keshavarzi S. The effect of almonds on anthropometric measurements

and lipid profile in overweight and obese females in a weight reduction program: a randomized
controlled clinical trial. J Res Med Sci Off J Isfahan Univ Med Sci 2014;19:457-64.

1duosnuey Joyiny asuel||y yaseasay yiesH

1duosnuey Joyiny aduel|ly yosessay yiesH

Nutr Metab Cardiovasc Dis. Author manuscript; available in PMC 2024 December 16.



1duosnuey Joyiny asuel||y yaseasay yiesH

1duosnuey Joyiny aduel|ly yosessay yiesH

Nora et al.

Page 17

[ Enrollment ]

Assessed for eligibility (n=39)

Excluded n (n=5)

v

(Not meeting inclusion criteria, n=5)

[ Allocation ] Randomized (n=34)

v

4

Allocated to pretzel intervention (n=17)

\

Allocated to mixed nut intervention (n=17)

\4

{Follow-Up (Week 8) ]

A 4

Pretzel intervention (n=15)
(Discontinued intervention,
non-compliance, n=2)

Mixed nut intervention (n=15)
(Discontinued intervention (moving or
non-compliance, n=2)

A\ 4

[ Follow-Up (Week 16) ]

Pretzel intervention (n=15)

Mixed nut intervention (n=14)
(Discontinued intervention, moving, n=1)

! [

Analysis

) !

Analyzed (n=15)

Figurel.

CONSORT flow diagram of participant selection.

Analyzed (n=14)

Nutr Metab Cardiovasc Dis. Author manuscript; available in PMC 2024 December 16.



1duosnuey Joyiny asuel||y yaseasay yiesH

1duosnuey Joyiny aduel|ly yosessay yiesH

Nora et al.

Page 18
(A) B)
150 2.0+
® Pretzels "
O Mixed Nuts 1.5- 1
S 1001 . S o " o
f‘:.. o © o ﬁg sn © op 020
G . ¢ ° i mY T
E - g %p Eg oy ”° o o
L] . e %
E o % 0.5+ o
Ive ¥8 ¥8
Baseline Week 8 Week 16 ' Week 8 Week 16
Figure 2.

(A) Lp(a) absolute values (nM) of participants at baseline, week 8, and week 16. Closed
circles represent participants in the pretzels group and the open circles represent participants
in the mixed nut group. (B) Lp(a) levels compared to baseline. Solid horizontal line
represents 100%. Data are represented as means + SDs.
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Figure 3.

MUFA (A), PUFA (B), and Mg (C) intakes in overweight and obese adults at baseline, week
8, and week 16. Data are represented as means + SDs. Different letters denote statistical
significance at £< 0.05. MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty
acids; Mg, magnesium.
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Table 1

Effects of pretzels or mixed nut consumption on body weight, LBM, BMI, BP, W/H ratio, and body fat

percentage at baseline, week 8, and week 16.

Pretzels Mixed Nuts
Baseline Week 8 Week 16 Baseline Week 8 Week 16
Body weight (kg)  89.8 + 16.0 89.9+16.4 90.0 +16.3 89.9+183 89.6+19.1 90.1+19.0
LBM (kg) 61.3 +£10.52 60.9+10.3*° 60.3+10.2° 61.5+8.70° 62.2+8.40%¢ 63.0+8.78°
BMI (kg/m?) 30.0 £5.02 30.0 +4.98 30.0+4.78 31.3+5.36 31.2 +5.56 31.4+5.60
SBP (mm Hg) 1257+7.86 126.7+6.37 1240+757 130.1+9.89 1299+119 133.6+10.7
DBP (mm Hg) 81.7+6.5120 80.7+9372P 79.8+565%° 820+11.3% 786+11.5%° 78.9+10.7°
WI/H ratio 0.84 +0.08 0.84 +0.08 0.85+0.07 0.85 + 0.06 0.85 + 0.06 0.86 +0.07
Body Fat, % 38.7 £10.52 39.1+10.380 39.7+10.2° 385+8.70* 37.8+8.40¢ 37.0+8.78°
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Values are expressed as means + standard deviations (SDs). Data within rows with different superscript letters are statistically different at < 0.05.
BMI: body mass index; DBP, diastolic blood pressure; LBM: lean body mass; SBP, systolic blood pressure; and W/H ratio, waist to hip ratio.
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