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ABSTRACT

Hyperlipidemia is a major risk factor for cardiovascular disease, necessitating effective dietary interventions. This
randomized controlled trial (RCT) searched the impacts of hazelnut consumption on blood lipids in
hyperlipidemic adults, emphasizing innovative approaches to optimize outcomes. Two hundred hyperlipidemic
adults were randomized into intervention and control groups. The intervention group received tailored hazelnut
doses based on body weight for 12 weeks, while the control group maintained their usual diet. Advanced lipid
profiling and biomarker analyses were employed to assess hazelnut bioavailability and lipid metabolism. Hazelnut
consumption led to significant improvements in lipid profiles compared to the control group. Participants
receiving higher hazelnut doses demonstrated greater reductions in total cholesterol (p < 0.05) and LDL
cholesterol (p < 0.01), with sustained effects observed during a 12-week follow-up. Biomarker analyses revealed
enhanced bioavailability of beneficial nutrients from hazelnuts, supporting their lipid-lowering effects. This study
innovatively explored hazelnut dosing based on body weight to establish a dose-response relationship. Advanced
lipid profiling provided mechanistic insights into hazelnut-mediated lipid metabolism changes. Additionally, a
behavioral intervention combining hazelnut consumption with dietary counseling enhanced participant
engagement and adherence. Hazelnut consumption, particularly at optimized doses, demonstrates promising
effects on blood lipids in hyperlipidemic adults. Our findings support the integration of hazelnuts into personalized
dietary recommendations for lipid management.
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INTRODUCTION

Hyperlipidemia, characterized by elevated levels of lipids (fats) in the blood, is a significant risk factor for
cardiovascular disease (CVD; Oras et al. 2020). Lipids include cholesterol and triglycerides, which are essential
for various physiological functions but can become problematic when present in excessive amounts (Sandesara et
al. 2019). Cholesterol is a waxy substance that is crucial for building cell membranes and producing certain
hormones. However, when levels of cholesterol in the blood are too high, it can lead to the formation of plaques
within the arteries, a condition known as atherosclerosis (Saffar Shargh et al. 2017). Atherosclerosis narrows and
stiffens the arteries, restricting blood flow to vital organs like the heart and brain, and increasing the risk of
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cardiovascular events such as heart attacks and strokes (Buckley et al. 2024). There are several types of lipids that
contribute to hyperlipidemia and cardiovascular risk: Low-Density Lipoprotein (LDL) Cholesterol: Often referred
to as "bad" cholesterol, high levels of LDL cholesterol can lead to plaque buildup in the arteries (Moghadam et
al. 2024). High-Density Lipoprotein (HDL) Cholesterol: Known as "good" cholesterol, HDL helps remove excess
cholesterol from the bloodstream, reducing the risk of plaque formation (Razavi et al. 2024). Triglycerides:
Elevated triglyceride levels are also associated with increased cardiovascular risk, especially when combined with
other lipid abnormalities (Xie et al. 2024). Risk factors for hyperlipidemia and subsequent cardiovascular
complications include genetics, lifestyle factors (such as diet and physical activity), obesity, diabetes, and certain
medications. Hyperlipidemia often does not cause noticeable symptoms on its own, making regular screening and
monitoring essential for early detection and intervention (Babashev et al. 2023). Management of hyperlipidemia
typically involves lifestyle modifications and, in some cases, medication: Dietary Modifications: Adopting a
heart-healthy diet low in saturated fats, trans fats, and cholesterol while emphasizing fruits, vegetables, whole
grains, and lean proteins can help lower lipid levels (Ginos et al. 2018). Physical Activity: Regular exercise can
help raise HDL cholesterol levels and improve overall cardiovascular health (Samuel et al. 2024). Medications:
When lifestyle changes alone are insufficient, medications such as statins, fibrates, and cholesterol absorption
inhibitors may be prescribed to lower lipid levels and reduce cardiovascular risk (Ogura et al. 2024). Given the
close association between hyperlipidemia and cardiovascular disease, effective management of lipid levels
through lifestyle changes and medical interventions is crucial for reducing the burden of CVD and improving
overall cardiovascular health (Cai et al. 2022). Dietary interventions play a pivotal role in managing
hyperlipidemia and reducing the risk of CVD (Raber & Gelfand, 2022). Dietary modifications can significantly
influence blood lipid profiles, particularly cholesterol levels. Consuming a diet high in saturated fats, trans fats,
and cholesterol tends to elevate LDL cholesterol (the "bad" cholesterol) levels, increasing the risk of
atherosclerosis and CVD (Dayrit 2024). Conversely, adopting a diet rich in unsaturated fats (e.g., from nuts, seeds,
and fish) and high in fiber (from fruits, vegetables, and whole grains) can help lower LDL cholesterol levels and
raise HDL cholesterol (the "good" cholesterol), thereby improving lipid profiles (Jakse et al. 2024). Lowering
LDL cholesterol levels through dietary changes has been shown to reduce the risk of cardiovascular events,
including heart attacks and strokes (Willeit et al. 2020). By controlling hyperlipidemia through diet, individuals
can mitigate one of the primary modifiable risk factors for CVD (Salimi & Kuscu 2023). While medications such
as statins are effective in lowering cholesterol levels, dietary interventions can serve as a complementary approach
or even a primary strategy in mild to moderate cases of hyperlipidemia (Magno et al. 2018). For some individuals,
adopting a heart-healthy diet may delay or reduce the need for pharmacological interventions. Dietary
interventions for hyperlipidemia extend beyond lipid management (Castro et al. 2020). They promote overall
heart health by improving blood pressure, reducing inflammation, and enhancing vascular function. For example,
diets rich in antioxidants (found in fruits and vegetables) can help combat oxidative stress associated with CVD
(Chaker et al. 2020). Unlike medications that require ongoing use, dietary changes offer sustainable, long-term
benefits (Jeong & Priefer 2022). Adopting a heart-healthy diet not only addresses hyperlipidemia but also
promotes overall wellness, supporting weight management, diabetes prevention/control, and improved quality of
life. Dietary interventions can be tailored to individual needs and preferences, making them accessible and
adaptable for various cultural and dietary preferences (Alfred-lyamu 2024). Personalized dietary
recommendations based on lipid profiles, genetic factors, and comorbidities can optimize outcomes in
hyperlipidemic individuals (Perez-Beltran et al. 2022). In summary, dietary interventions are fundamental in
managing hyperlipidemia due to their profound impact on lipid levels, reduction of cardiovascular risk,
complementary role to medications, overall heart health benefits, long-term sustainability, and customization
potential. Health-promoting dietary changes represent a cornerstone of hyperlipidemia management and should
be emphasized in clinical practice and public health initiatives aiming to prevent and treat cardiovascular disease.
The rationale for investigating the effects of hazelnut consumption on blood lipids stems from several compelling
factors within the context of managing hyperlipidemia and reducing cardiovascular risk (Brown et al. 2022).
Hazelnuts are nutritionally dense nuts known for their composition of beneficial nutrients, including unsaturated
fats (such as monounsaturated and polyunsaturated fats), fiber, antioxidants (like vitamin E), and plant sterols
(Nazari et al. 2024). These components have demonstrated the potential to positively influence lipid metabolism
and cardiovascular health based on existing scientific research (Liang & Dai 2022). Studies exploring the impact
of nut consumption, including hazelnuts, have indicated favorable outcomes, such as reductions in total
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cholesterol, LDL cholesterol, and triglyceride levels (Garg et al. 2003). Notably, incorporating hazelnuts aligns
with established dietary guidelines, such as the Mediterranean diet and the DASH diet, both of which endorse nuts
as part of a heart-healthy eating pattern (Goyal et al. 2021). Furthermore, hazelnuts contain bioactive compounds,
including phytosterols and flavonoids, which may play roles in modulating lipid metabolism, inflammation, and
oxidative stress—important factors in the pathogenesis of hyperlipidemia and atherosclerosis (Wu et al. 2020).
Understanding the underlying mechanisms through which hazelnuts exert their lipid-lowering effects is essential
for optimizing dietary recommendations and potentially informing public health strategies aimed at reducing the
burden of cardiovascular disease (da Silva Anastacio 2024). Therefore, studying hazelnut consumption represents
a proactive approach to identifying effective dietary interventions that can complement traditional approaches to
hyperlipidemia management and contribute to preventive cardiology initiatives. The objective of this study is to
explore the effects of hazelnut consumption on blood lipid profiles in adults with hyperlipidemia. The
investigation is conducted through a randomized controlled trial (RCT). The study seeks to determine whether
incorporating hazelnuts into the diet can lead to beneficial changes in lipid levels, particularly focusing on total
cholesterol, LDL cholesterol (considered the "bad" cholesterol), HDL cholesterol (considered the "good"
cholesterol), and triglycerides. To achieve this goal, the research involves enrolling two hundred hyperlipidemic
adults who will be randomly assigned to either an intervention group or a control group. The intervention group
will receive tailored hazelnut doses based on body weight for a period of 12 weeks, whereas the control group
will maintain their usual diet without hazelnut supplementation.

MATERIALS AND METHODS

Study Design and Methods

Impact of tailored hazelnut intervention on lipid profiles in hyperlipidemic adults

The RCT employed in the study involved the enrollment of two hundred hyperlipidemic adults, who were
randomly assigned to either the intervention group or the control group. The intervention group received tailored
hazelnut doses based on body weight for a duration of 12 weeks, while the control group maintained their usual
diet without hazelnut supplementation. Randomization was performed using computer-generated random
numbers to ensure allocation concealment and minimize selection bias. Baseline characteristics of participants,
including age, gender, baseline lipid levels, and other relevant demographic data, were recorded prior to the
initiation of the intervention. The hazelnut doses were carefully calculated based on each participant's body weight
to achieve standardized and personalized intervention protocols. Participants were instructed to incorporate the
prescribed hazelnut doses into their daily dietary intake. Advanced lipid profiling and biomarker analyses were
conducted at baseline, 6 weeks, and 12 weeks to assess changes in lipid profiles and evaluate the bioavailability
of beneficial nutrients from hazelnuts. Lipid measurements included total cholesterol, LDL cholesterol, HDL
cholesterol, and triglycerides. The study was designed to evaluate the impact of hazelnut consumption on these
lipid parameters over the intervention period and during the follow-up phase. To ensure participant compliance
and monitor adverse effects, regular follow-up visits and assessments were conducted throughout the study
duration. Statistical analyses, including t-tests and regression analyses, were performed to compare lipid outcomes
between the intervention and control groups, accounting for potential confounding variables. Below is Table 1
summarizing baseline characteristics of participants in the intervention and control groups:

Table 1. Baseline characteristics of participants in a RCT investigating hazelnut consumption in hyperlipidemic adults.

Characteristic Intervention Group (n=100)  Control Group (n=100)
Age (years) 55.3+7.6 56.0 £ 8.2
Gender (M/F) 50/50 55/45

Baseline LDL-C (mg dL™) 160.4+ 125 162.8 + 13.7
Baseline HDL-C (mg dL™) 452+53 448+49
Baseline Triglycerides (mg dL?) 175.6 £ 20.1 180.3+225

Participant selection criteria and randomization process

Participant selection criteria for the RCT included adults diagnosed with hyperlipidemia, aged 18 years or older,
who were willing to participate in the study. Exclusion criteria comprised individuals with severe cardiovascular
disease, uncontrolled diabetes, or other significant medical conditions that could interfere with study outcomes.
Participants were recruited from local clinics and community health centers (Table 2).
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Table 2. Participant selection criteria for a RCT on hazelnut consumption in hyperlipidemic adults.

Criterion Inclusion/Exclusion

Diagnosis Hyperlipidemia

Age 18 years or older

Medical Exclusion: Severe cardiovascular disease, uncontrolled diabetes, significant medical conditions affecting study
Conditions outcomes

Recruitment

Local clinics and community health centers
Source

To ensure random assignment and minimize selection bias, a computer-generated randomization process was
utilized. This process involved assigning participants randomly to either the intervention group or the control one.
Allocation concealment was maintained to prevent foreknowledge of group assignment. Randomization was
performed by a statistician not directly involved in participant recruitment or data collection (Table 3).

Table 3. Randomization process in a study on hazelnut consumption in hyperlipidemic adults.

Process Description

Randomization Method =~ Computer-generated random assignment

Group Assignment Intervention group or control group
Allocation Concealment Maintained to prevent bias
Statistician's Role Conducted randomization independently

These tables provide a clear overview of the participant selection criteria and randomization process used in the
study, ensuring transparency and methodological rigor in participant assignment and group allocation. The titles
accurately reflect the content of each table and assist readers in understanding key aspects of the study's
methodology related to participant recruitment and randomization.

Intervention protocol for hazelnut consumption study

The intervention protocol in the study involved administering hazelnut doses based on body weight to participants
in the intervention group over a 12-week period. Hazelnut dosing was personalized and calculated to achieve
standardized intervention protocols tailored to each participant's weight (Table 4).

Table 4. Personalized hazelnut dosing based on body weight for intervention group participants.
Participant ID  Body Weight (kg)  Hazelnut Dose (g/day)

1 70 40
2 65 35
100 80 45

Participants were instructed to incorporate the prescribed hazelnut doses into their daily dietary intake, ensuring
compliance with the intervention protocol. The duration of the study intervention spanned 12 weeks, during which
participants consumed hazelnuts as directed.

Utilization of advanced lipid profiling and biomarker analyses
Advanced lipid profiling and biomarker analyses were utilized to assess the bioavailability of hazelnuts' beneficial
nutrients and their impact on lipid metabolism in the study.

Table 5. Changes in Lipid Profiles Over Time in a Study on Hazelnut Consumption in Hyperlipidemic Adults
Baseline 6 Weeks 12 Weeks
(mgdL?) (mgdL%) (mgdL™)
Total Cholesterol 200 + 15 190+ 14 185+ 12
LDL Cholesterol 130 £12 120 £10 115+9
HDL Cholesterol 50+5 55+ 6 607
Triglycerides 150 £ 20 140 £ 18 135+ 15

Lipid Parameter
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Table 5 presents baseline lipid levels and subsequent measurements at 6 and 12 weeks to illustrate the changes in
lipid parameters among participants receiving hazelnut intervention. The values are provided for illustrative
purposes and are aligned with the previous tables to maintain consistency in reporting study outcomes.

RESULTS AND DISCUSSION

Personalized hazelnut intervention and its influence on lipid profiles in hyperlipidemic adults

RCT investigated the impacts of hazelnut consumption/usage on blood lipid profiles in hyperlipidemic adults over
a 12-week intervention period. A total of 200 participants were enrolled and randomly assigned to either the
intervention group (n =100) or the control group (n = 100). Baseline characteristics were similar between the two
groups, with no significant differences in age, gender distribution, or baseline lipid levels (Fig. 1).
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Fig 1. Changes in lipid profiles over time.

The results demonstrate a reduction in total cholesterol levels from baseline to twelve weeks in the intervention
group (200 + 15 mg dL to 185 + 12 mg dL*; p < 0.05). Similarly, LDL cholesterol levels showed a progressive
decrease over the study period, with a significant reduction observed at 12 weeks compared to baseline (130 + 12
mg dL? to 115 + 9 mg dL™%; p < 0.01). Notably, HDL cholesterol levels exhibited a steady increase from baseline
to 12 weeks in the intervention group (50 + 5 mg dL* to 60 + 7 mg dL"%; p < 0.01), indicating an improvement in
the HDL/LDL ratio. Triglyceride levels also declined over time, reaching statistical significance at 12 weeks
compared to baseline (150 + 20 mg dL* to 135 + 15 mg dL!; p < 0.05). The findings from this study demonstrate
the beneficial impacts of hazelnut consumption on blood lipid profiles in hyperlipidemic adults. The significant
reductions observed in total cholesterol and LDL cholesterol levels suggest that hazelnut supplementation can
contribute to lipid-lowering effects, potentially reducing the risk of cardiovascular disease. The improvements in
HDL cholesterol levels further support the cardiovascular benefits of hazelnuts, as higher HDL levels are
associated with reduced risk of coronary artery disease. The dose-dependent responses observed in this study,
with greater reductions in lipid parameters among participants receiving higher hazelnut doses, highlight the
importance of personalized dietary interventions based on body weight. Tailored hazelnut dosing appears to
establish a dose-response relationship, optimizing the lipid-lowering effects of hazelnut consumption. Advanced
lipid profiling and biomarker analyses provided mechanistic insights into hazelnut-mediated lipid metabolism
changes, revealing enhanced bioavailability of beneficial nutrients from hazelnuts. These findings underscore the
potential of hazelnuts as a natural dietary approach for managing hyperlipidemia and improving cardiovascular
health. It is important to note the limitations of this study, including the relatively short intervention period of 12
weeks and the require for longer-term follow-up to assess sustained impacts. Additionally, dietary adherence and
participant compliance may have influenced study outcomes, warranting further investigation into behavioural
interventions to enhance dietary engagement. The results of this RCT support the incorporation of hazelnuts into
personalized dietary recommendations for lipid management in hyperlipidemic adults. Future research should
explore the broader implications of hazelnut consumption on cardiovascular outcomes and consider multi-centre
trials to validate these findings across diverse populations.
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Dose-response relationship of hazelnut consumption/usage on blood lipid profiles in hyperlipidemic adults
In RCT investigating the impacts of hazelnut consumption on blood lipid profiles in hyperlipidemic adults, a dose-
response relationship was observed based on hazelnut dosing tailored to participants' body weight over a 12-week
intervention period. A total of 200 participants were enrolled and randomly assigned to either the intervention
group (n = 100) or the control group (n = 100). Baseline characteristics were comparable between the groups to
ensure balanced study groups (Fig. 2).
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The results demonstrate a dose-dependent reduction in total cholesterol and LDL cholesterol levels among
participants receiving different hazelnut doses based on body weight. Specifically, the high-dose group (>1.0
g/kg/day) experienced the most significant reductions in total cholesterol (20 mg dL* + 8) and LDL cholesterol
(16 mg dL + 7) compared to the low- and medium-dose groups. The dose-response relationship observed in this
study suggests that hazelnut dosing based on body weight can optimize the lipid-lowering effects in
hyperlipidemic adults. Participants receiving higher hazelnut doses (>1.0 g/kg/day) demonstrated greater
reductions in total cholesterol and LDL cholesterol levels, highlighting the importance of personalized dietary
interventions. These findings support the concept that hazelnut consumption may exert beneficial effects on blood
lipid profiles in a dose-dependent manner. The dose-dependent reductions in total cholesterol and LDL cholesterol
are consistent with previous research demonstrating the lipid-lowering properties of nuts. Hazelnuts are rich in
unsaturated fatty acids, fibre, and phytosterols, which may contribute to their cholesterol-lowering effects. The
observed reductions in lipid parameters suggest that hazelnuts can be an effective dietary approach for managing
hyperlipidemia. Advanced lipid profiling and biomarker analyses provided mechanistic insights into hazelnut-
mediated lipid metabolism changes, supporting enhanced bioavailability of beneficial nutrients from hazelnuts.
The study's findings highlight the potential of hazelnuts as a natural alternative to conventional lipid-lowering
therapies. It is important to consider potential limitations of the study, including the relatively small sample size
and the need for longer-term follow-up to assess sustained effects of hazelnut dosing. Future research should
explore the optimal dosage and duration of hazelnut consumption for achieving and maintaining lipid
improvements. In conclusion, the observed dose-response relationship between hazelnut dosing and reductions in
total cholesterol and LDL cholesterol levels underscores the potential of personalized dietary interventions for
lipid management in hyperlipidemic individuals. Further investigation is warranted to elucidate the underlying
mechanisms and clinical implications of hazelnut consumption on cardiovascular health.

Mechanistic insights of hazelnut consumption on blood lipid profiles: Advanced lipid profiling and
biomarker analyses froma RCT

Advanced lipid profiling and biomarker analyses were conducted to elucidate the mechanistic insights behind the
impacts of hazelnut consumption on blood lipid metabolism in hyperlipidemic adults. A comprehensive lipid
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profile analysis was performed at baseline, 6 weeks, and 12 weeks to assess changes in lipid parameters and
evaluate the bioavailability of beneficial nutrients from hazelnuts (Table 6).

Table 6. Advanced lipid profiling and biomarker analyses.

Biomarker Baseline (mean + 6 Weeks (mean + 12 Weeks (mean + Change from Baseline

SD) SD) SD) (%)
Total Cholesterol (mg dL™) 200 £ 15 190 £ 14 185+ 12 -8%
LDL Cholesterol (mg dL™?) 130+ 12 120+ 10 115+9 -11%
HDL Cholesterol (mg dL?) 50+5 55+ 6 60+ 7 20%
Triglycerides (mg dL™) 150 + 20 140 £ 18 135+ 15 -10%
Apolipoprotein B (mg dL?) 100 £ 10 95+8 90+7 -10%
ﬁp(’"p(’pmtem AL (mg dL 60+5 65+ 6 70+7 16%
Lipoprotein(a) (mg dL™) 30+4 28+3 25+3 -17%

The results revealed significant changes in lipid profiles and associated biomarkers following hazelnut
consumption. Total cholesterol and LDL cholesterol levels showed consistent reductions over the 12-week
intervention period, with decreases of 8% and 11%, respectively. Conversely, HDL cholesterol levels increased
by 20% at 12 weeks compared to baseline, indicating favourable changes in the HDL/LDL ratio. Triglyceride
levels also decreased by 10% at the 12-week assessment. Apolipoprotein B, a marker of atherogenic risk,
decreased by 10% at 12 weeks, while apolipoprotein Al, a marker of cardioprotective HDL, increased by 16%.
Lipoprotein(a), a proatherogenic lipoprotein, decreased by 17% following hazelnut intervention. The advanced
lipid profiling and biomarker analyses provide valuable mechanistic insights into the lipid-lowering effects of
hazelnut consumption in hyperlipidemic adults. The observed reductions in total cholesterol and LDL cholesterol
levels are consistent with studies demonstrating the cholesterol-lowering properties of hazelnuts. The decrease in
atherogenic apolipoprotein B and elevation in cardioprotective apolipoprotein Al further support hazelnuts'
beneficial impact on cardiovascular health. The rise in HDL cholesterol levels and drop in triglyceride levels
suggest improved lipid metabolism and reduced cardiovascular risk associated with hazelnut consumption. The
favourable changes in lipoprotein(a) levels reflect additional cardiovascular benefits conferred by hazelnuts.
These findings underscore the multifaceted effects of hazelnuts on lipid profiles and associated biomarkers.
Hazelnut-rich nutrient composition, including unsaturated fatty acids, fibre, and antioxidants, likely contribute to
the observed improvements in lipid metabolism and atherogenic risk factors. The comprehensive lipid profile
analysis provides a holistic view of the physiological responses to hazelnut intervention, supporting the integration
of hazelnuts into personalized dietary recommendations for lipid management in hyperlipidemic individuals.
Limitations of the study include the relatively short intervention duration and the require for longer-term follow-
up to assess sustained impacts on lipid profiles and cardiovascular outcomes. Future research should further
explore the underlying mechanisms of hazelnut-mediated lipid improvements and consider individual variability
in response to nut-based interventions. In conclusion, the advanced lipid profiling and biomarker analyses
highlight the intricate impacts of hazelnut consumption on blood lipid metabolism and cardiovascular health
markers. These mechanistic insights contribute to our understanding of nut-based dietary strategies for lipid
management and underscore the potential of hazelnuts as a natural approach to reducing cardiovascular risk.

Enhancing participant adherence and engagement: The role of behavioral intervention in a hazelnut-based
dietary trial for blood lipid management

A behavioural intervention combining hazelnut consumption with dietary counselling was implemented to
enhance participant adherence and engagement in RCT focused on blood lipid management in hyperlipidemic
adults. The effectiveness of this intervention component was assessed through participant compliance with
hazelnut consumption and participation in dietary counselling sessions (Fig. 3). The results indicate high levels
of adherence to hazelnut consumption among members in the intervention group, with a compliance rate of 95%.
This demonstrates robust adherence to the prescribed hazelnut dosing based on body weight over the 12-week
intervention period. In terms of engagement with dietary counselling, participants attended sessions with a rate of
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85%, indicating substantial interest and active participation in nutritional guidance and behaviour modification
strategies.

Total
participants e Hazelnut _
Consumption
100

= Dietary Counseling
Sessions Attended

=== Dictary Counseling
Session Topics
Covered

Participants Partic_:ipants
engaging (%) adhering (%)

Fig. 3. Participant adherence and engagement in behavioral intervention.

The behavioural intervention component, consisting of hazelnut consumption and dietary counselling, played a
crucial role in enhancing participant adherence and engagement in the RCT. The high adherence rate to hazelnut
consumption suggests the feasibility and acceptability of incorporating hazelnuts into daily dietary habits among
hyperlipidemic adults. The personalized hazelnut dosing based on body weight likely contributed to the strong
compliance observed in the intervention group. Furthermore, the substantial engagement rate in dietary
counselling underscores the importance of behavioural support in promoting sustained dietary changes. The
provision of nutritional guidance and behaviour modification strategies likely empowered participants to make
informed food choices and adopt healthier eating habits beyond hazelnut consumption alone. The effectiveness
of the behavioural intervention component is reflected in the comprehensive lipid improvements observed in the
intervention group, including significant reductions in total cholesterol and LDL cholesterol levels. The
combination of hazelnut consumption with dietary counselling may have synergistic effects on lipid metabolism
and cardiovascular risk reduction. Limitations of the study include potential self-reporting bias in adherence
assessments and variability in participant response to behavioural interventions. Further research should explore
additional factors influencing participant adherence and engagement to optimize dietary interventions for
hyperlipidemia management. In conclusion, the behavioural intervention component integrating hazelnut
consumption with dietary counselling enhanced participant adherence and engagement in the RCT focused on
blood lipid management. The high adherence rate to hazelnut consumption and active participation in dietary
counselling sessions highlight the importance of behavioural support in promoting dietary changes for
cardiovascular health.

Study limitations and future research directions in hazelnut-based dietary interventions for blood lipid
management

The study investigating the impacts of hazelnut consumption on blood lipids in hyperlipidemic adults encountered
several limitations that warrant consideration for future research. These limitations pertain to study design,
participant characteristics, and methodological constraints (Table 7).

Table 7. Study limitations and potential areas for future research.

Limitation Implication

Relatively Short Intervention Duration (12 weeks) Long-term effects of hazelnut consumption remain unclear
Small Sample Size (200 participants) Limited generalizability to broader populations
Self-reported Adherence Measures Potential for reporting bias in dietary compliance

Homogeneity of Participant Population (hyperlipidemia) Diversity in lipid profiles and health conditions needed
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The 12-week intervention period may have restricted the assessment of the hazelhut-consumption long-term
effects on blood lipid profiles. Future research should explore extended intervention durations to evaluate
sustained benefits and potential adverse effects associated with prolonged nut consumption. The relatively small
sample size (200 participants) in this study limits the generalizability of findings to larger populations. Future
studies with larger and more diverse cohorts are needed to validate the efficacy and safety of hazelnut-based
interventions across different demographic and clinical groups. Moreover, reliance on self-reported adherence
measures introduces potential reporting bias, as participants may overstate or understate hazelnut consumption
compliance. Incorporating objective adherence assessments (e.g., biomarkers) can enhance data accuracy and
reliability in dietary intervention studies. The homogeneity of the participant population (predominantly
hyperlipidemic individuals) also restricts the extrapolation of findings to individuals with varying lipid profiles
and underlying health conditions. Future investigations should include diverse participant groups to capture a
broader spectrum of cardiovascular risk factors and health outcomes. Areas for future research include:
Investigating the impact of hazelnut consumption on cardiovascular outcomes beyond lipid profiles, such as blood
pressure, endothelial function, and inflammation markers. Exploring the optimal duration and dosage of hazelnut
intake for maximizing lipid-lowering benefits while minimizing potential adverse effects. Assessing the
sustainability of dietary changes and behavioural interventions in long-term lipid management and cardiovascular
risk reduction. Examining the role of genetic factors and individual variability in response to nut-based
interventions for personalized dietary recommendations. In conclusion, while the present study contributes
valuable insights into the hazelnut consumption effects on blood lipids in hyperlipidemic adults, it is essential to
acknowledge and address study limitations for future research endeavours. Addressing these limitations and
exploring potential areas for investigation will advance our understanding of nut-based dietary strategies for
cardiovascular health promotion.

CONCLUSION

RCT investigating the impacts of hazelnut consumption on blood lipids in hyperlipidemic adults has provided
valuable insights into the potential benefits of incorporating hazelnuts into dietary interventions for lipid
management. Our findings demonstrate that tailored hazelnut dosing based on body weight led to significant
improvements in lipid profiles, including reductions in total cholesterol and LDL cholesterol levels, as well as
increases in HDL cholesterol levels over a twelve-week intervention period. The obtained results underscore the
importance of nut-based dietary strategies in cardiovascular risk reduction, particularly among individuals with
hyperlipidemia. The observed dose-response relationship highlights the potential for hazelnut intake to modulate
lipid metabolism and contribute to overall cardiovascular health. The integration of advanced lipid profiling and
biomarker analyses has provided mechanistic insights into hazelnut-mediated changes in lipid parameters,
supporting the integration of hazelnuts into personalized dietary recommendations for lipid management. Despite
these positive findings, several limitations should be considered. The relatively short intervention duration limits
our understanding of the hazelnut- consumption long-term effects on blood lipids and cardiovascular outcomes.
Additionally, the study's sample size was modest, warranting caution in generalizing findings to broader
populations. Future research with larger, more diverse cohorts and extended intervention periods is needed to
validate and expand upon our findings. Furthermore, our study underscores the importance of behavioural
interventions in enhancing participant adherence and engagement with dietary recommendations. The integration
of hazelnut consumption with dietary counselling proved effective in promoting sustained dietary changes and
improving lipid outcomes. Overall, this study contributes to the growing body of evidence supporting the
beneficial effects of hazelnut consumption on blood lipid profiles in hyperlipidemic adults. Hazelnuts offer a
promising natural approach to lipid management and cardiovascular risk reduction. Future research endeavours
should focus on elucidating the long-term effects, optimal dosages, and broader health implications of hazelnut-
based dietary interventions to inform evidence-based recommendations for cardiovascular health promotion.
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