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1. Administrative information 

Clinicaltrials.gov Identifier: NCT06515912 (Registered July 22, 2024) 
 

Key Personnel 

Principal Investigator: Dr. Kristina Petersen PhD, APD, FAHA is an Associate Professor in the 
Department of Nutritional Sciences at Penn State University. Dr. Petersen is the Principal 
Investigator of the clinical trial. Dr. Petersen will be responsible for general study oversight 
and administration, protocol development and implementation, institutional review board 
(IRB) submission, data analysis and management, and training study personnel required for 
protocol execution. 

Clinical Research Center: The Clinical Research Center (CRC) at Penn State University is 
equipped with experienced clinical research staff consisting of physicians, a nurse 
practitioner, and registered nurses who will work closely with the PI and study personnel 
throughout the clinical trial to facilitate the research protocol. 

Metabolic Kitchen Manager: The Metabolic Kitchen manager will be responsible for food 
preparation, procurement, and provision to study participants and will conduct adherence 
monitoring during the controlled-feeding study. 

Study Coordinators: Study personnel including the research laboratory coordinator and 
research staff will be responsible for recruitment activities, data collection, and study 
procedures and will facilitate clinical trial operations. 

 
2. Introduction 

Background: Ketogenic diets (KDs) or very low carbohydrate diets (VLCDs) are dietary 
patterns characterized by extremely low carbohydrate intake, usually less than 10% of total 
daily energy intake from carbohydrates and are recommended to manage type 2 diabetes 
(1). The prevalence of type 2 diabetes has increased annually by 1.56% from 2000-2019 (2), 
leading to 34 million adults in the US with type 2 diabetes. Despite the potential for KDs to 
improve glycemic control (3), there is a concern that these diets may worsen cardiovascular 
disease (CVD) risk factors through the alteration of blood lipids/lipoproteins, mainly 
elevation of low- density lipoprotein-cholesterol (LDL-C) (3, 4). While clinical trials of KDs 
primarily show null effects on LDL-C compared to control diets (3), several studies report 
large to severe increases (22-70 mg/dL) in LDL-C (5) and are more commonly observed in 
individuals with lower body mass index (BMI). It is possible that adiposity modifies the 
effect of the KD on LDL-C since BMI is already a known effect modifier of LDL-C 
responsiveness to blood cholesterol lowering diets. Several clinical trials have shown an 
inverse relationship between BMI and the magnitude of LDL-C lowering in response to diets 
low in saturated fatty acids (SFA) (6).  

Two meta-analyses of randomized controlled trials (RCTs) have investigated the blood 
lipid/lipoprotein response to either KDs or low carbohydrate diets (LCDs) administered to 
individuals with normal weight (5, 7). KDs caused an average LDL-C increase of 41.76 mg/dL 
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compared to the control diets (5), and LCDs and KDs caused an average LDL-C increase of 
41.4 mg/dL at endpoint compared to baseline (7). This is in contrast to studies that 
recruited participants with overweight or obesity that had no changes in LDL-C from 
baseline, while studies in participants with at least class II obesity reported a LDL-C 
reduction of 6.7 mg/dL with the LCD from baseline (7). Extreme heterogeneity was 
observed in the LDL-C response in people with normal weight, ranging from an increase of 
18.16 mg/dL to 70 mg/dL. This variation between studies is likely explained by differences in 
the macronutrient profile of the KD and the study population. Critically, no study has 
compared metabolic responses to the KD in adults with a normal weight to those with 
obesity.   

While there is limited evidence to explain what mechanisms may cause such profound 
differences in LDL-C changes in response to VLCDs and LCDs, there is reason to believe that 
this may happen through adiposity-related alterations in lipoprotein metabolism. Known 
alterations in LDL-C clearance by weight status exist whereby people with obesity have 
lower LDL-receptor mediated clearance, therefore, being more resistant to dietary 
influences compared to people with normal weight (8). Long term dysregulation and insulin 
resistance in the adipose tissue causes accumulation of toxic lipid metabolites in non-
adipose tissues and eventual insulin resistance in the skeletal muscle and liver (9, 10). This 
condition increases cholesterol synthesis and diminishes TAG clearance by reducing 
lipoprotein lipase (LPL) activity at these sites (6). People with obesity already suppress 
expression of LDL-receptor, therefore intake of cholesterol or saturated fat have little to no 
effect on further altering LDL-receptor expression or cholesterol enrichment of lipoproteins, 
but this is not the case for those with normal BMI (6). Differences in LDL-receptor 
expression alone would not be sufficient to explain the LDL-C elevations observed with the 
VLCD in individuals with low BMI, therefore indicating that this population has additional 
physiological alterations in response to a VLCD (11, 12). The mechanisms driving the LDL-C 
response may be an increase in both cholesterol synthesis and VLDL synthesis. Under severe 
dietary carbohydrate restriction, the primary physiological adaptations in humans include a 
depletion of glycogen stores, reductions in circulating insulin, an increase in fatty acid (FA) 
release from adipose, and an increased oxidation of FAs for energy production (13). 

Although clinical trials have shown severely elevated fasting LDL-C in individuals with 
normal weight on VLCDs, fasting serum TAG concentrations remain lower or unchanged in 
comparison to both baseline and control diets (14-17). No elevations in fasting TAG suggests 
that there may be highly efficient lipolytic activity from LPL, active exchange of cholesterol 
esters from lipoproteins, or a combination of both (18, 19). Increased LPL-mediated 
turnover of TAG would remove TAG from TAG-rich lipoproteins like VLDL. causing VLDL to 
remodel into IDL and LDL (19). Insulin is normally a critical regulator of LPL synthesis and 
activity in response to carbohydrate-rich diets with mixed macronutrient meals, whereby 
insulin signaling upregulates LPL activity in adipose tissue and skeletal muscle (19). In the 
case of the KD in individuals with normal weight, although insulin concentrations are 
expected to be lower, an increase in insulin sensitivity in muscle tissue may be able to drive 
elevated LPL activity. LPL-mediated lipolysis of TAG from VLDL would ultimately lead to an 
increase in LDL-C and HDL-C assuming clearance of LDL and HDL remain unchanged. In a 
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cross-sectional evaluation of patients with high and low HDL-C (<40 mg/dL and >60 mg/dL) 
consuming mixed diets, those with high HDL-C exhibited double the activity of LPL (20). 

Angiopoietin-related protein 3 (ANGPTL3), ANGPLT4, and ANGPTL8 are tissue-specific 
regulators of lipolysis that may influence LPL activity in this population (19, 21). Based 
largely upon the action of insulin, these proteins normally direct FAs to adipose in the 
postprandial period and skeletal and cardiac muscle in the fasting period. Expression of 
ANGPTLs has been shown to be higher in people with obesity than non-obese controls on 
mixed diets (22), but this has not been investigated in both populations on a KD. 
Considering that individuals with healthy weight have different site-specific insulin 
sensitivity from individuals with obesity (10), ANGPTLs may play a significant role in 
moderating differences in lipolysis on a KD.  

Furthermore for lipid metabolism, plasma activity of cholesterol ester transfer protein 
(CETP) may be downregulated since CETP relies on both cholesterol-esters in HDL and TAG 
in apoB-containing particles (11). Since CETP activity is reliant on the availability of TAG in 
TAG-rich lipoproteins, more cholesterol will remain in HDL if TAG is not available for 
exchange (23). This action may differ by adiposity, where individuals with obesity generally 
exhibit increased CETP activity compared to those with lower adiposity (24). Overall, it is 
theorized that people with low adiposity have increased synthesis of cholesterol and VLDL, 
elevated LPL activity facilitating TAG removal from VLDL, and decreased CETP activity, 
hindering cholesterol transfer out of HDL, which results in elevated fasting LDL-C and HDL-C 
and decreased fasting TAG when exposed to a KD.  

Preceding significant plaque progression is often arterial endothelium insult and 
dysfunction, which allows accelerated deposition of LDL into the tunica intima (25). 
Endothelial dysfunction, which can be measured non-invasively by flow mediated dilation 
(FMD), is strongly associated with the development of CVD whereby a 1% increase in fasting 
brachial FMD is associated with a 13% lower relative risk of CVDs (26). In a meta-analysis of 
210 participants in 6 clinical trials, LCDs decreased fasting FMD by 1.01% in comparison to 
HCLF diets, indicating that LCDs negatively impact endothelial function (27). With the severe 
increase in LDL-C seen in individuals with normal weight on LCDs, there is reason to believe 
that there would be increased impairment in FMD in comparison to a population with 
normal LDL-C levels. Although a higher BMI is normally associated with lower fasting FMD 
(28, 29), the unique metabolic conditions of the KD may reverse this relationship and cause 
greater decreases in FMD in people with normal weight compared to those with obesity.  

The rising popularity in KDs (30) has resulted in numerous clinical case series documenting 
patients with extreme elevations in LDL-C while adhering to this dietary approach (4, 31-33). 
Physicians are increasingly encountering cases where patients are choosing to follow KDs 
for health or wellness related reasons, and despite elevated LDL-C, express desire to 
continue following the KD (30). There are nearly 500,000 people in the U.S. have diagnosed 
type 2 diabetes and low BMI who may consider this approach (34). This underscores the 
necessity for more investigation into the safety of KDs, particularly on CVD risk factors for 
individuals with normal weight. Given KDs are one recommended dietary pattern for people 
with type 2 diabetes, investigation of the potential adverse effects of this diet for people 
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with low BMI is warranted. In summary, direct examination of the effect of the KD on LDL-C 
as well as other risk factors for CVD in individuals with a healthy BMI compared to those 
with obesity is needed to inform clinical recommendations for KDs. It is also critical to 
understand the factors that cause this severe LDL-C elevation, the biological mechanisms 
that drive this effect, and how this physiological state may uniquely alter CVD risk factors. 

Rationale: Although there is evidence of severe elevations in LDL-C being induced in 
otherwise healthy individuals on VLCD or KDs (7), there has never been a study designed to 
directly compare of the effect of the KD in people with normal weight and people with 
obesity. It is currently unclear how much LDL-C is expected to increase in normal-weight 
individuals in comparison to those with obesity when consuming the KD due to 
heterogeneity in study designs, particularly macronutrient composition of the KD. A direct 
comparison of the magnitude of LDL-C change in response to the KD in individuals with a 
normal BMI compared to individuals with a BMI in the obesity range is needed to elucidate 
the differential LDL-C responsiveness. While LDL-C increases are clinically relevant in all 
studies with normal-weight populations on a LCD, the current evidence is from studies with 
varying dietary compositions for the LCD and no direct comparison to a higher adiposity 
group (4, 5, 15-17, 35). The knowledge gained from investigating this phenomenon is critical 
to inform appropriate clinical utilization of KDs for managing metabolic diseases, such as 
type 2 diabetes that can develop in normal weight individuals (34, 36). This trial would add 
to the evidence base and inform clinical recommendations for KDs. It is expected that this 
study will show that KDs are not suitable for all populations and particularly not 
recommended for those with lower BMIs. 

BMI, while useful to describe weight status and adiposity at the population level, is a poor 
indicator for adiposity at an individual level (37). BMI does not distinguish between fat and 
muscle and does not differentiate between central and peripheral obesity, leading to large 
interindividual variation in adiposity for a given BMI (37). An individual’s total body fat 
percentage may be a stronger predictor than BMI for the magnitude of increase in LDL-C 
when adopting the KD, but previous clinical trials on LCDs or KDs in participants with normal 
weight have not measured adiposity so this remains unclear. If lower total adiposity is found 
to induce more profound increases in LDL-C, KDs can more confidently be utilized for 
managing metabolic diseases in individuals with higher adiposity, as already shown in 
existing trials in populations with obesity based off of BMI where VLCDs, in comparison to 
low fat diets (LFDs), cause little to no increase on LDL-C in those with overweight or obesity 
after 1-2 years of follow up (3).  

Consuming a meal high in SFA before fasting typically attenuates endothelial function (27). 
It is currently unclear how an extreme LDL-C elevation in response to the KD with high SFA 
would further impact endothelial function. Greater understanding of the effect of the KD on 
endothelial function, an early predictor of future vascular events, in people with normal 
BMI vs obesity will inform evaluations of the overall cardiovascular safety of KDs. Further 
investigation is needed into the mechanistic background for changes in lipid metabolism 
including blood lipids, lipoproteins, and markers of lipid metabolism during instances of 
extreme LDL-C elevation on the KD. Concurrent elevations in fasting HDL-C and reductions 
in fasting TAG have been observed alongside the LDL-C increase on VLCDs (4). An 
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investigation of LPL activity, CETP activity, and ANGPTLs are warranted in this context, given 
their pivotal roles in lipid metabolism and their potential to alter plasma LDL-C, HDL-C, and 
TAG. Fasting insulin concentrations and insulin sensitivity, as regulators of LPL, ANGPTLs, 
and cholesterol synthesis, may give insight into the changes seen in this population. 
Changes in lipid trafficking along with altered fasting markers of lipid metabolism may 
provide evidence of what mechanisms lead to extremely elevated LDL-C during fasting in 
individuals with normal weight on a KD. 

Specific Aims  
1. To determine if healthy, normal weight adults have alterations in risk factors for 

atherosclerosis including elevations in atherogenic lipoproteins assessed by change in 
fasting LDL-C, decreased endothelial function assessed by fasting FMD, and increased 
fasting insulin sensitivity after four weeks on a weight-maintenance KD compared to 
healthy adults with obesity on the same KD 

2. To assess if healthy, normal weight adults have changes in lipid metabolism and 
functionality by measuring mechanistic markers of lipid metabolism, including plasma 
CETP activity, LPL activity, and ANGPTLs after four weeks on a weight-maintenance KD 
compared to healthy adults with obesity on the same KD 
 

Hypothesis 
It is hypothesized that 1A) adults aged 25 to 45 years, with a BMI between 18.5-22 kg/m2 
and an LDL-C concentration below 100 mg/dL, will have a greater increase in LDL-C after 
four weeks consuming a weight maintenance KD compared to adults with a BMI between 
30-35 kg/m2 under the same conditions, 1B) will demonstrate a greater reduction in fasting 
FMD, and 1C) will demonstrate a larger increase from baseline in insulin sensitivity through 
calculated homeostatic model assessment for insulin resistance (HOMA-IR). 

It is also hypothesized that 2A) adults aged 25 to 45 years, with a BMI between 18.5-22 
kg/m2 and an LDL-C concentration below 100 mg/dL, will demonstrate an increase in 
plasma LPL activity from baseline after four weeks consuming a weight maintenance KD 
compared to adults with a BMI between 30-35 kg/m2 under the same conditions, 2B) will 
demonstrate a reduction in plasma CETP activity from baseline, and 2C) will demonstrate 
alterations in fasting ANGPTL3, ANGPTL4, and ANGPTL8 at endpoint. 

3. Study Methods 
 

Trial design 
A non-randomized, two group, parallel, controlled feeding trial will be conducted. 
Participants in both groups will receive a KD for 28 days. Group one will have a BMI of 18.5-
22 kg/m2, and group two will have a BMI of 30-35 kg/m2 at baseline. All participants will be 
healthy men and women 25 to 45 years old with an LDL-C < 100 mg/dL at baseline.  
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Randomization method, allocation concealment, blinding 
This study only has one intervention and is therefore non-randomized. Study personnel 
cannot be blinded to group allocations. For all laboratory assays, outcome assessors will be 
blinded. 

 

Sample size estimate  
Sample size calculations were first performed for the primary outcome of change in LDL-C 
using G Power 3.1.9.7. We assumed an increase of 41.4 mg/dL in LDL-C (standard deviation 
= 24.6 mg/dL) from day 0 to day 28 in the group with normal BMI, an increase of 0.5 mg/dL 
(SD = 23.7 mg/dL) in the group with high BMI, an alpha of 0.05, and power of 0.80 for a two-
sided t test. Based on these assumptions, a calculated sample size of seven completers per 
group would be needed, and, assuming an estimated drop out of 30%, a minimum sample 
size of 10 per group should be sufficient.  
 
While this sample size is sufficient for the primary outcome, an additional sensitivity 
analysis was performed for an important secondary analysis, FMD, to determine at what 
effect size for significant differences would be seen. For a two-sided t test with a sample 
size of seven per group, an alpha of 0.05, and power at 0.80, a minimum effect size (Cohen’s 
d) of 1.63 is required. Applying this to change in FMD, assuming a SD of 2.4% in both groups, 
this equates to a 4% absolute difference in change in FMD between groups needed to 
detect a significant difference. There is currently no data on how FMD is altered in 
individuals with normal weight on KDs compared to those with obesity, but a 4% difference 
is likely too large to detect based on other populations consuming KDs. An additional 
analysis was conducted for larger sample sizes on FMD, whereby a final sample size of 14 
per group would allow a 2.64% change in FMD to be detected. Although a 2.64% change in 
FMD is still large, this change is physiologically plausible based on the expected extreme 
alterations in blood lipids and lipoproteins impacting vascular function. This final sample 
size of 14 completers per group (approximately 20 recruited per group to account for 30% 
drop out) will be used and would allow a 27 mg/dL difference in LDL-C to be detected for 
the primary outcome.  
 

Hypothesis testing framework 
 
Primary Endpoint (4-week change from baseline):  

 LDL-C 
The hypothesis will be tested using a superiority testing framework. Specifically, an 
independent samples t-test will be conducted to compare the change in LDL-C from 
baseline to week four between the two BMI groups. The primary outcome is the change 
in LDL-C. The hypotheses are as follows: 
 Null Hypothesis (H₀): There is no difference in the change in LDL-C between adults 

with a BMI of 18.5–22 kg/m² and those with a BMI of 30–35 kg/m². 
 Alternative Hypothesis (H₁): Adults with a BMI of 18.5–22 kg/m² will have a greater 

increase in LDL-C than those with a BMI of 30–35 kg/m². 
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An independent samples t-test will initially be conducted to assess the difference in LDL-
C concentration between the two BMI groups, testing whether the lower BMI group 
shows a greater increase in LDL-C. 
 
In addition, a linear regression model will be used to assess the impact of BMI group on 
the change in LDL-C while adjusting for potential covariates, including age, sex, and 
baseline LDL-C levels. Sex moderation of BMI group effect will be explored by including 
an interaction between sex and group. 

 
Statistical significance will be set at p < 0.05, and 95% confidence intervals will be 
calculated to assess the magnitude of the effect. 

 
Secondary Endpoint (4-week change from baseline):  

 FMD 
The hypothesis that adults with a BMI of 18.5–22 kg/m² will demonstrate a greater 
reduction in fasting FMD compared to those with a BMI of 30–35 kg/m² will be tested 
using a superiority testing framework. The primary outcome is the change in fasting 
FMD from baseline to week four. The hypotheses are: 
 Null Hypothesis (H₀): There is no difference in the change in FMD between adults 

with a BMI of 18.5–22 kg/m² and those with a BMI of 30–35 kg/m². 
 Alternative Hypothesis (H₁): Adults with a BMI of 18.5–22 kg/m² will demonstrate a 

greater reduction in fasting FMD compared to those with a BMI of 30–35 kg/m². 
 
An independent samples t-test will be conducted to compare the mean changes in FMD 
between the two groups. Additionally, a linear regression model will be used to adjust for age, 
sex, and baseline FMD values as fixed effects. Sex moderation of BMI group effect will be 
explored by including an interaction between sex and group. 

 
 
Additional Secondary Endpoints (4-week change from baseline): 
For all other secondary endpoints, the superiority framework will be used for hypothesis 
testing. 
Superiority framework 

 Triglycerides (TAG), CETP activity, ANGPTL3, ANGPTL4, ANGPTL8, blood pressure 
(systolic and diastolic), and triglyceride-rich lipoprotein particle size 
Hypothesis: Adults with a BMI of 18.5–22 kg/m² will demonstrate a greater reduction in 
fasting TAG, CETP activity, ANGPTL3, ANGPTL4, ANGPTL8, systolic blood pressure, 
diastolic blood pressure, and triglyceride-rich lipoprotein particle size compared to 
those with a BMI of 30–35 kg/m². 

 Insulin sensitivity (HOMA-IR), LPL activity, pulse wave velocity (PWV), HDL-C, total 
cholesterol, and lipoprotein particle concentration and size 
Hypothesis: Adults with a BMI of 18.5–22 kg/m² will demonstrate a greater increase in 
insulin sensitivity, fasting LPL activity, pulse wave velocity, HDL-C, total cholesterol, LDL 
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particle concentration, HDL particle concentration, triglyceride-rich lipoprotein particle 
concentration, LDL particle size, HDL particle size compared to those with a BMI of 30–
35 kg/m². 
 

Independent samples t-tests will initially be conducted to assess the difference in secondary 
endpoints between the two BMI groups. In addition, linear regression models will be used 
to assess the impact of BMI group on secondary endpoints while adjusting for age, sex, and 
baseline endpoint levels. Sex moderation of BMI group effect will be explored by including 
an interaction between sex and group in each model. 
 

Interim analyses 
No interim analyses will be performed.  
 

Timing of outcome assessment 
Participants will attend visits on two consecutive days at the beginning and at the end of 
each of the study (4 visits total). These visits will be approximately 28 days apart. For any 
outcomes measured in duplicate, mean values for the beginning of study (i.e., mean of day 
1 and day 2 values) and end of study (i.e., mean of day 29 and day 30 values) will be 
calculated and utilized. End of study measures minus baseline measures will be used for 
outcome analysis as change from baseline.  

 
4. Trial Population 

Recruitment 
Participants will be recruited from University Park and State College, PA and surrounding 
areas using public advertisements and recruitment flyers posted on campus and in the local 
community (State College/University Park area). 
 

Screening and eligibility criteria 
Individuals responding to advertising will be emailed information about the study and 
complete a pre-screening survey via REDCap. Potentially eligible individuals will be 
telephone screened. Based on the answers to the questions, participants will be deemed 
eligible or ineligible by the staff member assessing eligibility in consultation with the PI. 
Eligible individuals will be scheduled for a clinic screening visit. At the clinic screening 
appointment, anthropometrics and blood pressure will be measured. Fasting blood samples 
will be assessed for direct LDL-C, glucose, a complete blood count, including liver and kidney 
function, and a blood lipid panel. Inclusion/exclusion criteria will be assessed based on 
these results. 

At the screening visit, participants must meet all the following inclusion criteria and none of 
the exclusion criteria to participate in this study. 

Inclusion criteria 

 Age 25-45 years 

 Fasting LDL-C ≤100 mg/dL 
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 BMI of 18.5-22 kg/m2 or 30-35 kg/m2 

 Blood pressure <140/90 mmHg 

 Fasting blood glucose <126 mg/dL 

 Fasting triglycerides <350 mg/dL  

 ≤10% change in body weight for 6 months prior to enrollment 
Exclusion criteria 

 Have type 1 or type 2 diabetes or fasting blood glucose ≥126 mg/dL 

 Prescription of anti-hypertensive, lipid-lowering or glucose-lowering drugs 

 Intake of supplements that affect the outcomes of interest and unwilling to cease during 
the study period 

 Diagnosed liver, kidney, or autoimmune disease 

 Prior cardiovascular event (e.g., stroke, heart attack) 

 Current pregnancy or intention of pregnancy within the next 2 months 

 Lactation within prior 6 months 

 Follows a vegetarian or vegan diet 

 Food allergies/intolerance/sensitives/dislikes of foods included in the study menu 

 Antibiotic use within the prior 1 month 

 Oral steroid use within the prior 1 month 

 Use of tobacco or nicotine containing products within the past 6 months 

 Cancer at any site within the past 10 years (eligible if ≥10 years without recurrence) or 
non-melanoma skin cancer with in the past 5 years (eligible if ≥5 years without 
recurrence) 

 Participation in another clinical trial within 30 days of baseline 

 Currently following a restricted or weight loss diet 

 Previously consumed the ketogenic diet for more than 1 week 

 Prior bariatric surgery 

 Intake of >14 alcoholic drinks/week and/or lack of willingness to consume no alcohol 
while enrolled in the study and/or not willing to avoid alcohol consumption for 48 hours 
prior to test visits 

 Current or past eating disorder 

 Principal Investigator discretion related to the potential participant’s ability to adhere to 
the study requirements including being able to come to the metabolic kitchen to pick-up 
food five days per week 

 Planning to relocate out of the State College area in the next 2 months 

 Unwilling to refrain from plasma/blood donations during the study 

 Previously diagnosed familial hypercholesterolemia 

 If a potential participant takes thyroid medicine, abnormal thyroid stimulating hormone 
(TSH) concentration (TSH outside of normal range of 0.5 – 4.5 mIU/L) 

 

Early withdrawal of participants  
Participants will be withdrawn from the study for the following reasons: 
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 Risks to the other participants/research team members, disruptive behavior during 
the study visit or food pick-ups 

 Diagnosis of a disease listed as an exclusion criterion or a serious medical condition 
requiring active intervention (assess by review of medical history form). 

 Prescription of anti-hypertensive, lipid-lowering or glucose-lowering drugs 

 Prescription of steroids for longer than 1 week 

 Pregnancy 

 Lack of adherence defined as intake of <95% of provided food for more than 5 
consecutive days 

Presentation of baseline characteristics  
Baseline demographic and clinical characteristics will be reported for the total analysis 
population and group according to CONSORT guidelines. 

5. Analysis Population 
Analyses will be conducted consistent with intent-to-treat principles. All available data from 
all participants will be included in data analyses. 
 
6. Hypothesis Testing 

Primary outcome:  
The primary outcome is 4-week change in LDL-C. LDL-C will be measured directly via 
enzymatic assay. Change in LDL-C will be calculated as the mean of the end of diet measures 
(i.e., mean of day 29 and day 30 values) minus the mean of the baseline measures (i.e., 
mean of day 1 and day 2 values).  

Secondary outcomes:  
The secondary outcome variables will be 4-week change (end of diet period minus baseline) 
in: 

 Triglycerides (TAG) 

 Total cholesterol 

 High density lipoprotein cholesterol (HDL-C) 

 Particle size and concentration of LDL, HDL, and triglycerides rich lipoprotein 
subfractions 

 CETP Activity 

 LPL Activity 

 ANGPTL3 

 ANGPTL4 

 ANGPTL8 

 Total adiposity 

 Estimated visceral adipose tissue 

 Endothelial function measured by FMD of the brachial artery 

 Insulin 

 Glucose 

 HOMA-IR 
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 Glucagon 

 Alanine transaminase (ALT) 

 Aspartate transaminase (AST) 

 Central systolic and diastolic blood pressure 

 Peripheral systolic and diastolic blood pressure 

 Pulse wave velocity (PWV) 

 

Exploratory outcomes:  
Fecal samples will be collected at the beginning and at the end of the study to enable 
assessment of gut microbiota and microbiome composition.  

7. Statistical Analyses 

Statistical analysis will be done in R v 4.4.0. Data will be cleaned and inspected for missing 
values prior to testing. Statistical model assumptions will be evaluated and confirmed prior 
to analyses for hypothesis testing, and where necessary, transformations will be made to 
meet assumptions. All primary analyses will follow intent-to-treat principles. 

The normality of the model residuals will be assessed quantitatively to evaluate skewness 
and the distribution will be visually inspected using normal probability (Q–Q) plots. 
Variables not meeting statistical model assumptions and non-normal distributions will be 
appropriately transformed for analysis using primarily log transformations.  

Endpoints will be evaluated using a two-sided hypothesis test. Analyses will be done using 
both Student’s t-tests and linear models to adjust for covariates. The analyses will assess 
between-group differences in mean change from baseline for all outcomes measures. 
Covariates will include baseline value of the outcome, age, and sex as fixed effects. A sex by 
group interaction will be included as a fixed effect to assess sex differences in study 
outcomes.  

Exploratory analyses will be done to determine if baseline total adiposity or estimated 
visceral adipose tissue is a predictor of LDL-C change from baseline in response to 
consuming a weight maintenance KD. Linear regression models will be used with 
adjustment for age and sex.  

 

Data from analyses using linear models will be presented as least squared means (95%CI). 
Statistical significance for all individual tests will be set at alpha = 0.05 (P < 0.05 as 
significant). 
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