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ABSTRACT
Obesity is a major health concern in postmenopausal women, and chronic low-grade inflammation contributes 

to the development of obesity. Cellular studies and high-fat-diet induced obese mouse model mimicking obesity 

show the anti-obesity effect of tocotrienols (TT) with antioxidant capability. We aim to assess the safety and 

efficacy of TT consumption for lipid-related parameters in obese postmenopausal women.  A 24-week 

randomized double-blinded placebo-controlled trial will be conducted to evaluate the effects of dietary TT 

supplementation in obese postmenopausal women. Eligible participants will be randomly assigned to placebo 

group (430 mg olive oil) and TT group (430 mg of 70% pure TT) for 24 weeks. The primary outcome is total 

fat mass. The secondary outcomes include serum lipid profile, adiponectin, leptin, c-reactive protein, urine 8-

hydroxy-2’-deoxyguanosine, lipid metabolism-related gene expression in adipose tissue, concentrations of 

endocannaboinods and oxylipins in plasma and adipose tissue, and abundance and composition of intestinal 

microbiota. Outcomes are assessed by blinded evaluators at baseline and 24 weeks. Lipid profiles and liver 

function will be assessed at baseline, 12, and 24 weeks. “Intent-to-treat” principle is employed for data analysis. 

Hierarchical linear modeling is utilized to estimate the effects of dietary TT supplementation while properly 

accounting for dependency of data and identified covariates. To our knowledge, this is the first randomized, 

placebo-controlled, double-blinded study to determine dietary TT supplementation on obese population. If 

successful, this study will guide the future efficacy TT interventions and TT can be implemented as an 

alternative for obese population in anti-obesity management. 

Keywords: tocotrienols; lipid; inflammation; women; microbiome

Strength and limitations of this study
 This is the first randomized, double-blind, placebo-controlled trial to investigate the effects of dietary 

annatto-extracted tocotrienol supplementation on obesity-related outcomes in obese postmenopausal 
women. 

 This study will be performed at a single research center with experience in conducting independent, 
investigator-initiated, randomized controlled trials in nutrition research. 

 Annatto-extracted tocotrienol supplement is not available over the counter worldwide.
 There is no long-term follow-up.  

Page 3 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

Introduction

Obesity is now recognized as a worldwide epidemic disease, which leads to the development of several 

comorbidities such as insulin resistance, dyslipidemia, and metabolic syndrome (WHO 2011 [1]). With 

advances in basic redox biology, emerging evidence indicates that chronic low-grade inflammation paves the 

way for the development of comorbidities in obesity [2].  Obesity-induced chronic low-grade inflammation, 

called metaflammation, is initiated by excess nutrients in metabolic cells [2]. The inflammatory signaling 

conducted by these metabolic cells eventually causes activation of specialized immune cells and leads to an 

unresolved inflammatory response within the adipose tissue [2]. Therapeutic interventions to inhibit 

inflammatory pathways in obesity have shown beneficial effects on insulin sensitivity in mouse models and 

human trials [2].

Oxylipins (OxLs) are oxygenated fatty acid metabolites derived from n-6 polyunsaturated fatty acids 

(PUFA) (i.e., linoleic acid, dihomo-γ-linolenic acid, and arachidonic acid (AA)) or n-3 PUFAs (i.e., α-linolenic 

acid, eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA)) through the actions of cyclooxygenases 

(COX), lipoxygenase (LOX), and cytochrome P450 enzymes [3].  In postmenopausal women at risk of 

metabolic syndrome, the amounts of OxLs were modified by dietary n-3 PUFA such that the levels of pro-

inflammatory were reduced and anti-inflammatory were enhanced [4].  Particularly, DHA feeding reduced 

plasma levels of various inflammatory cytokines and OxLs (5-lipoxygenase-dependent inflammatory mediators 

and vasoconstrictive 20-HETE) in a rodent model of obesity [5]. Emerging evidence suggests that AA-derived 

OxLs contribute to obesity-associated inflammation [6, 7].  For example, 5-LOX products of AA (e.g., 5-

hydroxy-eicosatetraenoic acid (HETE) or 5-oxo-eicosatetraenoic acid) exert pro-inflammatory effects by 

increasing the production of pro-inflammatory cytokines and inducing chemotaxis to attract inflammatory cells 

in the blood vessels in adipose tissue from obese mice [8, 9].  12-LOX products of AA (e.g., 12-HETE, 12-

hydroperoxyeicosatetraenoic acid (12-HPETE)) have also been shown to play a direct role in obesity-induced-

inflammation [10] and insulin resistance [11-13].  Obese subjects with low-grade inflammation had elevated 

levels of several AA-derived OxLs (e.g., 5-, 8-, 11-, 12-, 15-, and 20-HETE) compared to those with no 
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inflammation [7].  On the other hand, OxLs that originate from n-3 PUFA (e.g., EPA and DHA) have 

demonstrated their ability to suppress obesity-associated inflammation as seen in inhibiting macrophage 

recruitment and increasing adiponectin secretion in adipose explants isolated from obese mice [14].  

Supplementation of n-3 PUFA for 8 weeks significantly decreased AA-derived OxLs and increased EPA- and 

DHA-derived OxLs in hypertriglyceridemic subjects along with mitigated inflammatory and vascular status 

[15]. Since chronic low-grade inflammation in obesity is a systemic problem, administration of dietary 

supplements with potent anti-inflammatory function can be a good strategy to combat inflammation in obesity. 

Tocotrienols (TT) and tocopherol are two subclasses of vitamin E, which can be further classified into 

four isomers (α, β, δ, and γ). The unsaturated side chain of TT allows for more efficient penetration into tissues 

compared with the completely saturated side chain of tocopherol.  TT is lipophilic in nature and it is found in 

association with lipoproteins, fat deposits, and cellular membranes [16, 17].  TT has been shown to protect the 

PUFAs from peroxidation [16, 17].  In animal studies, dietary TT (palm TT-rich fraction, -TT, and γ-TT) 

decreased body weight [18] and fat mass [19, 20], reduced plasma concentrations of free fatty acids, 

triglycerides and cholesterol [21-25], and improved glucose and insulin tolerance [18-20, 25, 26].  Many 

epidemiology studies showed that dietary TT intake is associated with decreased serum concentrations of total 

cholesterol and lipoproteins of study subjects [23, 27-31].  In humans, TT supplementation (34.6% α-TT+43.5% 

γ-TT) reduced microalbuminuria and C-reactive protein (CRP), indicators of acute inflammation, in type 2 

diabetic patients [32].  Intake of grape seed oil with high levels of TT was shown to attenuate serum levels of 

CRP and TNF-α and improve insulin resistance in overweight/obese women [33].  The review of the supporting 

evidence strongly suggests that TT can offer benefits to control obesity due to its potent anti-inflammatory-

dependent biological activities.  In addition, although δ-TT and γ-TT are considered as the most potent isomers 

among 8 vitamin E isomers [34], their clinical relevance to combat obesity along with mechanisms has never 

been investigated in humans. Furthermore, our animal data were in line with δ-TT’s anti-inflammatory 

properties to improve intestinal dysbiosis of obese mice with insulin resistance (Shen et al. unpublished 

findings).  Yet, it is not known whether supplementation with TT would benefit total fat mass reduction, 
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improve lipid metabolism, and modify OxL in plasma and adipose tissue of humans.  Additionally, there is not 

a single study yet to evaluate how TT supplementation affects gut microbiome in humans, particularly obese 

postmenopausal women (PMW).  Therefore, the objective of this pilot study is to test a mixture of 90% δ-

TT+10% γ-TT dietary supplementation for feasibility, and to quantitatively assess its potential anti-obesity 

effects on obese PMW. 

In this paper, we present the design and the detailed protocol of a double-blinded, placebo-controlled, 

and randomized trial, as well as a discussion of the overall challenges when conducting this trial. The results 

from this trial will be reported at the completion of the study in accordance with the Consolidation of Standards 

for Reporting Trials guidelines.  

METHODS

Study design

This is a 24-week double-blinded, placebo-controlled, and randomized intervention trial with allocation 

1:1 for two treatment arms. Women with at least 1 year after menopause will be recruited for this study.  After 

screening, qualified participants will be randomly assigned to one of the two treatment groups: placebo and TT. 

The participants in the placebo group will receive one 430-mg olive oil softgel per day for 24 weeks. The TT 

participants will receive one 430-mg, 70% pure TT softgel (representing 300 mg TT) for 24 weeks. The primary 

outcome measure is total fat mass and the secondary outcome measures are serum lipid profile, leptin, 

adiponectin, lipid metabolism-related gene expression in adipose tissue, inflammation-associated biomarkers 

(serum c-reactive protein, plasma and adipose tissue OxL), and gut microbiome analysis in feces. Both primary 

and secondary outcome measures will be taken from participants at baseline and 24 weeks, except for serum 

lipid profiles and C-reactive protein, which will be assessed at baseline, 12, and 24 weeks. Liver function will 

also be monitored by assessing the activity of aspartate aminotransferase (AST) and alanine aminotransferase 

(ALT) at baseline, 12, and 24 weeks. Physical activity and food frequency questionnaires will be assessed at 

baseline and 24 weeks. Investigators and outcome assessors evaluating the endpoints will be blinded to 
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intervention assignment. The study received ethical approval from the Texas Tech University Health Sciences 

Center Institutional Review Board. The time points of all participant-related actions to be taken during the study 

period are presented in Table 1. 

Study setting, study population, and recruitment

The subjects, ambulatory women with at least 1-year postmenopausal history, for this present study will 

be recruited from Lubbock and surrounding areas in Texas. Ethnicity or race is not a factor in the inclusion of 

subjects. Direct person-to-person solicitation in the OB/Gyn clinic and health fairs, flyers, non-solicited email 

system, campus announcements, local radio, newspapers, senior newsletters, and TV scripts will be used to 

recruit potential subjects. In addition, we plan to recruit the minority participants who have limited access to 

such intervention due to social and cultural factors. Advertisement in minority newspaper and radio will also be 

implemented. According to our past experience in subject recruitment, it is not difficult to recruit qualified 

participants within a reasonable time frame from our existing subject pool with the methods described above. If 

a longer period is needed to recruit the subjects, the study supplement intervention may take place in a 

staggered fashion that is a block randomization strategy will place participants into subgroups for treatments on 

a first-come, first-served basis. 

Screening

Prescreening will be conducted through a phone interview and will cover age, body weight, height, 

menstrual history, status of any serious chronic diseases, and availability for the study period. Subjects who pass 

the prescreening will attend an informed consent session and sign consents and Health Insurance Portability and 

Accountability Act (HIPAA) forms before completing a detailed questionnaire with demographic, health, and 

dietary information. Visits for fasting blood screening will follow afterwards.

Inclusion criteria 
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1. Postmenopausal women with body mass index ≥30 kg/m2. 

2. Normal function of thyroid, liver, and kidney.

Sedentary using International Physical Activity Questionnaire (IPAQ-short form) [35]

Exclusion criteria

1. Unstable body weight (more than 5% change in body weight) within 3 months before intervention 

begins.

2. Changes in medications or supplements (i.e., steroids, statins) within 3 months of baseline study visit 

that could affect lipid metabolism. 

3. Taking anticoagulants that may interact with TT. 

4. Serious chronic disease (e.g., unstable CVD, uncontrolled diabetes and hypertension, and active cancer). 

Sample size

Sample size is determined to provide adequate power for the study.  Data from previous studies suggest 

that the TT intervention would yield moderate to large changes (median f=0.31) [20, 36-38] in total fat mass and 

body weight.  The power analysis for the present study is considered to observe similar changes in other 

previous studies [20, 36-38] and assumed 0.20 correlations among repeated measures.  The analysis results 

revealed that the sample size of N=46 will produce 80% power while controlling Type I error under 5%.  

Conservatively assuming a high attrition rate of 20%, therefore, we plan to recruit 60 participants (30 in each 

group) at baseline—i.e., anticipated final N≥46 (power ≥80%) at the end of the study with up to 20% attrition.  

Missing data either attrition or nonresponse will be fully recovered via multiple imputation as described later, 

which will remove or minimize (if present) confounding effects of missingness on our statistical power.

 

Randomization and allocation concealment

Participants who meet the inclusion criteria will be randomly assigned 1:1 to placebo and TT groups 

using a stratified randomization with BMI (35 or <35 kg/m2), age (60 or <60 yr), use of hormone replace 
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therapy (yes or no), and use of cholesterol-lowing drug (yes or no). All participants, investigators, coordinators, 

and assessors will be blinded to the treatments. De-identified data with codes will be used to facilitate blinded 

randomization and data analysis.  The blind on a participant will be removed in the case of an adverse event or 

other legitimate reason.  

Intervention

Purchasing and masking of study agents

Placebo and TT supplements of the same lot, respectively, will be provided by American River 

Nutrition, Inc. (Hadley, MA; Investigational New Drug (IND) number 120761 by FDA). Each placebo 

capsule of 430 mg olive oil contains no TT ingredient at detectable levels. Each TT capsule 

(DeltaGold® Tocotrienol 70%) contains 430 mg TT (90% delta- and 10% gamma-tocotrienol) with a 

70% purity, representing 300 mg TT. The use of placebo to mask the control group is desirable in this 

study to keep respondents blinded to the TT treatment assignment. Placebo softgels will be made of the 

same size and color as the TT softgels for identical appearance and taste. The placebo group will provide 

a comparison of blood and urinary outcome measures and serve as a basis to assess TT’s effect.  

Treatment arms 

The study agent (TT, DeltaGold Annatto Tocotrienol) has GRAS (Generally Recognized as Safe) status. 

Based on (i) TT fed at 400 mg/kg diet to high-fat-diet induced obese mice showed reduced total fat mass 

relative to the no-TT group [19], and (ii) the use of body surface area for dose translation from mouse to human 

[39], the estimated effective dose of TT in humans for anti-obesity is approximately 300 mg daily.  Therefore, 

we will use a dosage of TT (300 mg TT daily) for 24 weeks in this study. The current RDA value of vitamin E, 

15 mg/d, for this study population is largely focused on α-tocopherol. No specific recommendation exists for 

TT. However, no adverse effects were observed with daily intake of 3.2 g or less TT [40].  Qualified 

participants will be randomly assigned into one of the two study groups (placebo and TT). Participants in the 
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placebo group will receive 430 mg of olive oil daily for 24 weeks. Participants in the TT group will receive a 

430-mg TT softgel for 24 weeks.  

Dietary intake, physical activity, and concomitant medication assessment 

A food frequency questionnaire and a physical activity log will be collected at the baseline and 24-week 

visits to account for any drastic changes in the intake of macro- and micro- nutrients and deviations from the 

usual activities that could affect outcome measures. Prescription and over-the-counter medications and dietary 

supplement, as well as the reasons for taking these substances, will be recorded for the study period.

Blinding and unblinding    

Study participants and investigators including biostatistician, coordinators, and measurement and site 

personnel will be blinded to intervention allocation throughout this study. The investigators will be supplied 

with a blind code-breaker envelope for each subject.  The blind code will not be broken except in a medical 

emergency or a potential study-related adverse event determined by the principal investigator.  Medical 

emergencies may include abnormal elevation in liver function (ALT, AST) according to the regulation of FDA 

for TT intake. 

Sample collection  

Fasting blood will be drawn from a superficial arm vein and blood will be allowed to clot in a vacutainer 

at room temperature. Within 2 hr of collection, blood samples will be centrifuged at 1500x g for 10 min and 

aliquoted. Urine and stool specimen will also be collected for this study. The collected blood, urine, and stool 

specimen will be stored in -80C freezers until outcome measures. 

Evaluation of adherence and compliance 
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We will measure adherence to the intervention by counting the softgels consumed and determine 

compliance by the percentage of all softgels ingested. We will also measure serum concentrations of TT and 

tocopherol at baseline and 24-week visit as additional evidence for adherence and compliance.

   

Evaluation of adverse events   

Despite the generally recognized as safe (GRAS) reports that  TT at the doses used in this study has 

minimal liver toxicity in humans, we will monitor liver function by measuring AST and ALT at 0, 12 and 24 

weeks. Adverse effects associated with dietary supplement treatments, if any, will be self-reported by the 

participants and will be monitored by observing liver function every 12 weeks in the course of the intervention 

trial.  All adverse events, whether observed by investigators or voluntarily disclosed by subjects, will be 

recorded on the adverse event form throughout the study.  

Outcome measures

In the present study, the primary outcome is total fat mass. The secondary outcomes include serum lipid 

profile, adiponectin, leptin, and CRP, urine 8-hydroxy-2’-deoxyguanosine (8-OHdG), lipid metabolism-related 

gene expression in adipose tissue, concentrations of OxL and eCB in plasma and adipose tissue, and abundance 

and composition of intestinal microbiota. Every participant will be evaluated at 0 (prior to starting intervention) 

and 24 weeks of intervention, except for serum lipid profile and CRP at 0, 12, and 24 weeks. 

Fat mass 

Rationale   -TT supplementation has been shown to improve glucose tolerance, insulin sensitivity, and 

lipid profile, and to reduce total fat mass, abdominal circumference, and visceral adiposity index in obese rats 

[38]. Such an improvement in glucose utilization and insulin sensitivity contributes to the reduced pro-

inflammatory microenvironement and subsequent reduction in total fat mass and VAT [19]. Our animal study 

Page 11 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

further confirmed -TT’s anti-obesity potential in obese mice [19]. These animal studies indicate that -TT 

plays an important role in reducing VAT in obese population. 

Methods   Total and regional fat mass, relative body fat, and VAT will be quantified via dual-energy X-

ray absorptiometry (DXA; GE Lunar Prodigy with enCore software v. 16.2) [41, 42]. Body regions for analysis 

include the trunk, legs and arms. VAT will be estimated using the built-in functionality of the enCore software. 

In the same DXA report, we will also collect data of bone mineral mass/density and lean mass. Additional total 

fat and VAT estimates will be obtained via multi-frequency bioelectrical impedance analysis (MFBIA; Seca 

514/515).  

Serum lipid profile, adiponectin, leptin, and CRP, and urine 8-OHdG 

Rationale   In our previous animal study, we have shown that TT supplementation to diet reduced serum 

triglycerides and proinflammatory adipokines in obese mice [19]. In a randomized double-blinded, placebo-

controlled trial, we reported that 12-week TT supplementation (90% δ-TT+10% γ-TT) at 300 mg/day lowered 

urine 8-OHdG, an oxidative stress biomarker in osteopenic PMW [43]. 

Methods   We will ship blood samples to Covenant Medical Laboratory, Lubbock, TX for lipid profile 

(total cholesterol, triglycerides, LDL, and HDL) and CRP analysis. The level of serum adiponectin and leptin, 

and urine 8-OHdG (oxidative stress biomarker) will be measured at Dr. Shen’s lab using ELISA.

Lipid metabolism-related gene expression in adipose tissue  

Rationale  Obesity is characterized by altered mitochondrial activity and lipid metabolism, promoting 

accumulation of triglycerides in tissues, mainly white adipose tissue [44]. Defective mitochondrial biogenesis 

and fatty acid oxidative metabolic pathways in subcutaneous adipose tissue during acquired obesity, leading to 

the metabolic disturbance in obesity [45]. Based on our animal findings [19], we will focus on gene expression 

associated with lipid β-oxidation and fatty acid synthesis of subcutaneous adipose tissue sampled before and 

after TT regime.  
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Methods  Total RNA will be isolated from frozen adipose samples using Qiagen RNeasy Lipid Kit 

(Qiagen, Valencia, CA) and reversely transcribed into cDNA using iScript Reverse Transcription Supermix. 

Conventional quantitative real-time PCR will be performed using SYBR Green with respective primers for 

CPT-1, FOXA2, FAS, and ACC (Human ProbeLibrary Gene) [46]. The relative gene expression will be 

assessed using the CT method [47] and GAPDH will be used as internal control for normalization [46]. In 

addition, total RNA will be extracted from de-identified serum and adipose tissue for later stranded mRNA-

sequencing. 

Concentrations of OxL and endocannabinoid (eCB) in plasma and adipose tissue. 

Rationale  Aging and decline of estrogen are factors that contribute to weight gain in PMW, and 

approaches, such as anti-inflammatory potential in TT, to reduce inflammation may likely combat obesity. 

Oxylipins (OxLs) and endocannabinoids (eCBs) are classes of bioactive fatty acid metabolites with many 

structural members that influence insulin signaling, adipose function and inflammation through autocrine, 

paracrine and endocrine mechanisms [4, 5].  In addition, physical activity is reported to increase specific levels 

of eCB [48] leading to responses of well-being.  In our recent animal study, male mice fed with TT-

supplemented diet experienced reduced thromboxane B2 (TXB2) and 13 HODE, and increased 12HEPE (anti-

platelet) and some essential amino acids (i.e., lysine and methionine) (Shen et al. unpublished findings). The 

former exerting complex functions like 13-HODE but lowering TXB2, a product of TX2, could have 

implications on the function of TXA2 (target of aspirin). Thus, higher TXB2 means increased catabolism of 

TXA2 and less thrombosis may result in reducing the risk for atherosclerosis. Our animal study suggests that 

TT may influence macronutrient metabolism in obese PMW (Shen et al. unpublished findings). Identification of 

novel metabolites and metabolic pathways, especially antioxidant and oxidative stress metabolites, of TT, in 

serum and adipose tissue of subjects will help to understand the composition and roles of these bioactive 

compounds in management of obesity. However, there has been no study to evaluate the effect of TT on any 
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metabolomics profiling in obese population. Herein, we will use the same targeted metabolomics to measure 

OxL and eCB. 

Methods  Targeted metabolomics analyses of OxL and eCBs  The levels of OxL and eCB in plasma and 

adipose tissue will be quantitatively analyzed using UPLC tandem mass spectrometers based on our previously 

published work [4]. Briefly, 60 mg Oasis-HLB solid phase extraction columns (SPE) (Waters Corp., Milford, 

MA) are placed on a vacuum manifold, cleaned and conditioned, then spiked with deuterated OxLs and eCBs 

internal standards. The serum samples are thawed on ice and a 200 µL volume transferred to the SPE, up-

diluted to 3 mL with 5% MeOH/0.1% acetic acid, and gravity extracted. Columns are then washed with 3 mL 

the 5% MeOH solution. OxLs and eCBs are eluted from the SPE with 0.2 mL MeOH followed by 1.5 mL ethyl 

acetate, by gravity. Solvent is removed by vacuum and samples are reconstituted in 50 µL MeOH containing the 

internal standard 1-cyclohexyl-3-dodecyl-urea (Sigma, Aldrich, St. Louis, MO) then, filtered at 0.1 µm.  

Analytes are chromatographically separated on a 2.1×150 mm, 1.7µm Acquity BEH C18 (Waters Corp.) 

column using 0.1% acetic acid and acetonitrile gradient. The OxLs and eCBs profiles are acquired using 

electrospray ionization and tandem mass spectrometry by back-to-back (+)-mode/(-)-mode injections on a Sciex 

API 4000-QTRAP (Pleasanton, CA). A complete list of measured analytes with retention times, acquisition 

parameters, and detection limits are shown for the OxLs and eCBs in a previously published article [4], 

respectively. 

Abundance and the composition of intestinal bacteria in feces. 

Rationale   There has been a growing body of evidence to implicate altered intestinal microbiota in the 

development of obesity. The commensal microflora of the human GI actively participates in the processes of 

energy harvest and expenditure. Biochemical crosstalk between gut bacteria and the host has a critical impact 

on the metabolic status (OxLs and eCBs) of the human body. In our previous animal study, we reported that 

relative to the high-fat diet (HFD) control group, the HFD+TT at 800mg/kg diet group increased abundance of 

Akkermansia g (of the phylum Verrucomicrobia) and S24-7 family (class Bacteroidetes), and decreased that of 
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Clostridiales order, and Oscillospira genus (of the phylum Firmicutes). Our animal data were in line with δ-

TT’s anti-inflammatory properties to improve intestinal dysbiosis of obese mice with insulin resistance (Shen et 

al. unpublished findings). Therefore, in this pilot study, we would like to explore how dietary TT supplement 

affects the abundance and composition of gut microbiome in PMW. 

Methods  16S Metagenome analysis of fecal samples Bacterial DNA will be isolated from feces using a 

MoBio PowerFecal® DNA Isolation Kit (MO BIO Laboratories, Inc, Carlsbad, CA). The microbial diversity of 

fecal samples will be evaluated using metagenomic 16S rDNA gene sequencing technique. Variability in the 

bacterial V3-V4 region will be used to identify bacterial abundances in both treated and untreated subjects. 

Quantitative insights into microbial ecology (QIIME, version 1.8.0) will be used for data analysis according to 

previous published method [49]. In brief, one μL of DNA sample (20 ng/μL) will be used for a 25 μL PCR 

reaction. The V3-V4 regions of the 16S rRNA gene region will be amplified using gene specific primer pairs. 

PCR amplicons from all samples will be normalized using SequalPrep plate Normalization kit (Thermo Fisher 

Scientific, MA). Equal volumes of samples will be pooled and quantified using Qubit 2.0 (Thermo Fisher 

Scientific, MA) and quality will be checked using TapeStation (Agilent Technologies, CA). Libraries will be 

sequenced on MiSeq (Illumina Inc., CA) using a 600 cycle v3 sequencing kit. Post sequencing, reads will be 

filtered based on quality score and aligned on 16S database using our custom pipeline involving PEAR, and 

QIIME software’s. Final OTUs will be taxonomically classified using BLASTn against the GreenGenes 

database, and compiled into each taxonomic level into both “counts” and “percentage” files. 

Statistical Analysis

Sample demographics and all outcome measures will be summarized by descriptive statistics and 

bivariate tests within the whole sample and between treatment groups (placebo vs. TT) and demographic 

subgroups (e.g., age, BMI). The correlations among outcomes and potential covariates (e.g., demographic 

variables, dietary and lifestyle changes, concomitant medications) will be examined in a preliminary analysis. In 

order to examine the effects of the TT intervention, hierarchical linear modeling will be conducted to examine 
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overall treatment group difference across time (i.e., group effect), linear or nonlinear change over time (i.e., 

time effect), and group difference in this change (i.e., group-by-time interaction). Models will be adjusted for 

identified covariates, thereby providing unbiased effect estimates. If present, missing data will be handled by 

Monte Carlo Markov Chain (MCMC) multiple imputation [50]. A large number of (e.g., 200) imputed datasets 

will be generated and then analysis results from each imputed dataset will be combined together to make valid 

statistical inference. Gut microbiome data will be analyzed designed to pinpoint similarities and differences of 

bacterial communities between the treated and untreated subjects. 

Data for OxL and eCB will be expressed by descriptive statistics. If necessary, OxL and eCB data will 

be transformed to normality by an iterative process using imDEV v1.4.2 [51] and missing data will be handled 

by MCMC multiple imputation. Statistical significance of the means will be evaluated using 2-tailed t-test at 

0.05 alpha level. To account for multiple testing, the false discovery rate will be computed and reported for each 

comparison using the q-value method [52]. A summary of the numbers of biochemical (or called metabolite) 

that achieved statistical significance will be reported. OxL and eCB data will be combined with measurements 

for partial-least squares discriminate analysis. To improve clustering performance, the reduced data matrix 

variables (complete data set) will be subjected to orthogonal signal correction using the procedures of Wehrens 

[53] and partial least squares discriminate analysis of Variable Importance Plot filtered data set using the 

orthogonal scores PLSR component of the R ‘pls’ package [54]. Iterative rotations for uniform projection of 

discriminate variables onto a single latent variable will be done.  

Data of microbiota OTU reads will be imported into R version 3.4.3, and all statistical analyses will be 

performed using the vegan and phyloseq packages unless specifically noted. OTU richness will be determined 

by Chao1 and the OTU evenness will be determined by several diversity indices (i.e., Shannon, Simpson, 

Inverse Simpson, and Fisher). Group differences in α-diversity (richness and diversity) will be evaluated by 

ANOVA. Between-specimen diversity (β-diversity) will be assessed by the Bray–Curtis method and then 

visualized using nonmetric multidimensional scaling. Group differences in β-diversity will be measured using 

permutational multivariate analysis of variance with 500 permutations. Group differences among taxa- and 
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genus-level OTUs will be assessed by pairwise comparisons on read counts using Negative Binomial Wald 

Tests from the DESeq2 package. All tests will be corrected for multiple comparisons using the false discovery 

rate correction by Benjamini and Hochberg. Associations among selected variables will be assessed with 

Spearman's correlations. The statistical significance is as determined at P≤.05.

Data management and data collection 

Researchers will keep information obtained in this study confidential except as required by law. All 

participant questionnaires, records, and data will be coded and properly stored in locked cabinets. Only study 

investigators will have access to those files linking a person’s study number to his/her name. Those forms will 

include Informed Consent Form, HIPAA Authorization form, all recruitment questionnaires, and all other 

related materials.   

The principle investigator will be responsible for oversight of data management of the trial. A certified 

monitor from Clinical Research Institute, independent from research team and sponsor, will assist the principle 

investigator in monitoring data collection before the datasets are delivered to study biostatistician. 

Questionnaire data will be entered on various forms and then entered into the Excel database. Laboratory data 

will also be verified and entered into an Excel database. Data of eligibility, medical records, attrition rate, and 

compliance rate will all be entered into an Excel database. Data queries including missing values will be 

referred to the principle investigator. The principle investigator will have access to the final trial dataset and 

disclosure of contractual agreements. The principle investigator will also incorporate any correction or addition 

into the datasets. Finally, a clean dataset without any identification will be generated and delivered to the 

biostatistician for statistical analysis.   

Ethics

The study protocol and template consent forms have been reviewed and approved by the Bioethics 

Committee of the Texas Tech University Health Sciences Center. An informed consent form will be signed by a 

participant before enrolling in the study. Any modifications to the protocol, which may affect the conduct of the 
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study, potential benefits to the study participants, or their safety will be reported to the ethics committee for all 

necessary amendments. All study-related information will be stored securely at the study site in local cabinets, 

in an area with limited access (databases will be secured with a password-protected access system).

Patient and Public Involvement

The patients and the public will not be involved in the design, assessment or conduction of this trial. 

Recruitment information is available on local newspaper, senior newsletter, and clinics. This information will 

allow postmenopausal women to contact research coordinator if they are willing to participant. Postmenopausal 

women with adverse outcomes will be followed up throughout their intervention and will be referred to experts. 

Feedback will be sought from all participants at the end of the study to assess burden of intervention and to help 

develop future trials.  

Dissemination 

The findings of this study will be submitted to a peer-referred journal in the areas of obesity or 

nutrition/functional food. Abstracts will be submitted to relevant national and international conferences. 

CONCLUSIONS

The effectiveness of annatto-extracted tocotrienols for obesity-associated parameters in postmenopausal 

obese women is still unknown. Our study, carried out at a single research center with experience in conducting 

independent, investigator-initiated FDA-IND clinical trial, is intended to address a gap in the field and will test 

the safety and efficacy of annatto-extracted tocotrienols supplementation for anti-obesity capacities in 

postmenopausal obese women. 
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Table 1. Timetable of activities planned during the course of the study directly related to participants  
Weeks

------------------------------------------------------------------------------------
Activity -4 -2 0 3 6 9 12 15 18 21 24
Enrollment x
Screening (liver function, TSH) x
Randomization x
Intervention x x x x x x x x x
Body composition x x
Fat biopsy (optional) x x
Blood for outcomes x x x
Liver function assessment x x x
Pill counts x x x
Food intake assessment x x
Physical activity survey x x
Self-report adverse event x x x x x x x x x
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1

SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related documents*

Section/item Item 
No

Description Addres
sed on 
page 
number
of 
manusc
ript

Administrative information
Title 1 Descriptive title identifying the study design, population, interventions, and, if applicable, trial 

acronym
1

2a Trial identifier and registry name. If not yet registered, name of intended registry 1Trial registration
2b All items from the World Health Organization Trial Registration Data Set n/a

Protocol version 3 Date and version identifier n/a
Funding 4 Sources and types of financial, material, and other support 17

5a Names, affiliations, and roles of protocol contributors 1, 17Roles and 
responsibilities 5b Name and contact information for the trial sponsor 1

5c Role of study sponsor and funders, if any, in study design; collection, management, 
analysis, and interpretation of data; writing of the report; and the decision to submit the 
report for publication, including whether they will have ultimate authority over any of these 
activities

17

5d Composition, roles, and responsibilities of the coordinating centre, steering committee, 
endpoint adjudication committee, data management team, and other individuals or groups 
overseeing the trial, if applicable (see Item 21a for data monitoring committee)

n/a

Introduction
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2

Background and 
rationale

6a Description of research question and justification for undertaking the trial, including summary 
of relevant studies (published and unpublished) examining benefits and harms for each 
intervention

3-5

6b Explanation for choice of comparators 5
Objectives 7 Specific objectives or hypotheses 5
Trial design 8 Description of trial design including type of trial (eg, parallel group, crossover, factorial, 

single group), allocation ratio, and framework (eg, superiority, equivalence, noninferiority, 
exploratory)

5-6

Methods: Participants, interventions, and outcomes
Study setting 9 Description of study settings (eg, community clinic, academic hospital) and list of countries 

where data will be collected. Reference to where list of study sites can be obtained
6

Eligibility criteria 10 Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for study 
centres and individuals who will perform the interventions (eg, surgeons, psychotherapists)

6-7

11a Interventions for each group with sufficient detail to allow replication, including how and 
when they will be administered

8-9

11b Criteria for discontinuing or modifying allocated interventions for a given trial participant (eg, 
drug dose change in response to harms, participant request, or improving/worsening 
disease)

9-10

11c Strategies to improve adherence to intervention protocols, and any procedures for 
monitoring adherence (eg, drug tablet return, laboratory tests)

9

Interventions

11d Relevant concomitant care and interventions that are permitted or prohibited during the trial n/a

Outcomes 12 Primary, secondary, and other outcomes, including the specific measurement variable (eg, 
systolic blood pressure), analysis metric (eg, change from baseline, final value, time to 
event), method of aggregation (eg, median, proportion), and time point for each outcome. 
Explanation of the clinical relevance of chosen efficacy and harm outcomes is strongly 
recommended

10-14

Participant timeline 13 Time schedule of enrolment, interventions (including any run-ins and washouts), 
assessments, and visits for participants. A schematic diagram is highly recommended (see 
Figure)

Table 1

Sample size 14 Estimated number of participants needed to achieve study objectives and how it was 
determined, including clinical and statistical assumptions supporting any sample size 
calculations

14
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3

Recruitment 15 Strategies for achieving adequate participant enrolment to reach target sample size 6

Methods: Assignment of interventions (for controlled trials)
Allocation:

Sequence 
generation

16a Method of generating the allocation sequence (eg, computer-generated random numbers), 
and list of any factors for stratification. To reduce predictability of a random sequence, 
details of any planned restriction (eg, blocking) should be provided in a separate document 
that is unavailable to those who enrol participants or assign interventions

6

Allocation 
concealment 
mechanism

16b Mechanism of implementing the allocation sequence (eg, central telephone; sequentially 
numbered, opaque, sealed envelopes), describing any steps to conceal the sequence until 
interventions are assigned

9

Implementation 16c Who will generate the allocation sequence, who will enrol participants, and who will assign 
participants to interventions

9

Blinding (masking) 17a Who will be blinded after assignment to interventions (eg, trial participants, care providers, 
outcome assessors, data analysts), and how

9

17b If blinded, circumstances under which unblinding is permissible, and procedure for revealing 
a participant’s allocated intervention during the trial

9

Methods: Data collection, management, and analysis
Data collection 
methods

18a Plans for assessment and collection of outcome, baseline, and other trial data, including any 
related processes to promote data quality (eg, duplicate measurements, training of 
assessors) and a description of study instruments (eg, questionnaires, laboratory tests) 
along with their reliability and validity, if known. Reference to where data collection forms 
can be found, if not in the protocol

13-15

18b Plans to promote participant retention and complete follow-up, including list of any outcome 
data to be collected for participants who discontinue or deviate from intervention protocols

n/a

Data management 19 Plans for data entry, coding, security, and storage, including any related processes to 
promote data quality (eg, double data entry; range checks for data values). Reference to 
where details of data management procedures can be found, if not in the protocol

16

Statistical methods 20a Statistical methods for analysing primary and secondary outcomes. Reference to where 
other details of the statistical analysis plan can be found, if not in the protocol

14-15

20b Methods for any additional analyses (eg, subgroup and adjusted analyses) 14
20c Definition of analysis population relating to protocol non-adherence (eg, as randomised 

analysis), and any statistical methods to handle missing data (eg, multiple imputation)
14-15
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4

Methods: Monitoring
Data monitoring 21a Composition of data monitoring committee (DMC); summary of its role and reporting 

structure; statement of whether it is independent from the sponsor and competing interests; 
and reference to where further details about its charter can be found, if not in the protocol. 
Alternatively, an explanation of why a DMC is not needed

17

21b Description of any interim analyses and stopping guidelines, including who will have access 
to these interim results and make the final decision to terminate the trial

n/a

Harms 22 Plans for collecting, assessing, reporting, and managing solicited and spontaneously 
reported adverse events and other unintended effects of trial interventions or trial conduct

10 

Auditing 23 Frequency and procedures for auditing trial conduct, if any, and whether the process will be 
independent from investigators and the sponsor

16

Ethics and dissemination
Research ethics 
approval

24 Plans for seeking research ethics committee/institutional review board (REC/IRB) approval 6

Protocol 
amendments

25 Plans for communicating important protocol modifications (eg, changes to eligibility criteria, 
outcomes, analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial 
registries, journals, regulators)

16

Consent or assent 26a Who will obtain informed consent or assent from potential trial participants or authorised 
surrogates, and how (see Item 32)

6

26b Additional consent provisions for collection and use of participant data and biological 
specimens in ancillary studies, if applicable

n/a

Confidentiality 27 How personal information about potential and enrolled participants will be collected, shared, 
and maintained in order to protect confidentiality before, during, and after the trial

16-17

Declaration of 
interests

28 Financial and other competing interests for principal investigators for the overall trial and 
each study site

17

Access to data 29 Statement of who will have access to the final trial dataset, and disclosure of contractual 
agreements that limit such access for investigators

17

Ancillary and post-
trial care

30 Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer 
harm from trial participation

n/a

Dissemination policy 31a Plans for investigators and sponsor to communicate trial results to participants, healthcare 
professionals, the public, and other relevant groups (eg, via publication, reporting in results 
databases, or other data sharing arrangements), including any publication restrictions

17
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5

31b Authorship eligibility guidelines and any intended use of professional writers n/a
31c Plans, if any, for granting public access to the full protocol, participant-level dataset, and 

statistical code
n/a

Appendices
Informed consent 
materials

32 Model consent form and other related documentation given to participants and authorised 
surrogates

n/a

Biological 
specimens

33 Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or 
molecular analysis in the current trial and for future use in ancillary studies, if applicable

n/a

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaboration for important clarification on the items. 
Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative Commons 
“Attribution-NonCommercial-NoDerivs 3.0 Unported” license.
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32 ABSTRACT 
33
34 INTRODUCTION:  Obesity is a major health concern in postmenopausal women, and chronic low-grade 

35 inflammation contributes to the development of obesity. Cellular studies and high-fat-diet induced obese mouse 

36 model mimicking obesity show the anti-obesity effect of annatto-extracted tocotrienols (TT) with antioxidant 

37 capability. We aim to assess the safety and efficacy of TT consumption for lipid-related parameters in obese 

38 postmenopausal women.  

39 METHODS AND ANALYSIS:  Eligible obese postmenopausal women will be randomly assigned to placebo 

40 group (430 mg olive oil) and TT group (DeltaGold® Tocotrienol 70%) for 24 weeks. In the present study, the 

41 primary outcome is total/regional fat mass and visceral adipose tissue. The secondary outcomes include lipid 

42 profile in serum, mRNA expression of fatty acid synthase and carnitine palmitoyltransferase 1A in fat tissue, 

43 oxylipins and endocannabinoids in plasma and adipose tissue, abundance and composition of intestinal 

44 microbiome in feces, hs-CRP in serum, leptin in serum. Every participant will be evaluated at 0 (prior to 

45 starting intervention) and 24 weeks of intervention, except for serum lipid profile and hs-CRP at 0, 12, and 24 

46 weeks. “Intent-to-treat” principle is employed for data analysis. Hierarchical linear modeling is utilized to 

47 estimate the effects of dietary TT supplementation while properly accounting for dependency of data and 

48 identified covariates. To our knowledge, this is the first randomized, placebo-controlled, double-blinded study 

49 to determine dietary TT supplementation on an obese population. If successful, this study will guide the future 

50 efficacy TT interventions and TT can be implemented as an alternative for obese population in anti-obesity 

51 management. 

52 ETHICS AND DISSEMINATION:  This study has been approved by the Bioethics Committee of the Texas 

53 Tech University Health Sciences Center, Lubbock. An informed consent form will be signed by a participant 

54 before enrolling in the study. The results from this trial will be actively disseminated through academic 

55 conference presentation and peer-reviewed journals. 

56
57 Keywords: tocotrienols; lipid; inflammation; women; microbiome
58
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59 Strength and limitations of this study
60  This is the first randomized, double-blind, placebo-controlled trial to investigate the effects of dietary 
61 annatto-extracted tocotrienol supplementation on obesity-related outcomes in obese postmenopausal 
62 women. 
63  This study will be performed at a single research center with experience in conducting independent, 
64 investigator-initiated, randomized controlled trials in nutrition research. 
65  Annatto-extracted tocotrienol supplement is not available over the counter worldwide.
66  There is no long-term follow-up.  
67
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69 Introduction

70 Obesity is now recognized as a worldwide epidemic disease, which leads to the development of several 

71 comorbidities such as insulin resistance, dyslipidemia, and metabolic syndrome (WHO 2011 [1]). With 

72 advances in basic redox biology, emerging evidence indicates that chronic low-grade inflammation paves the 

73 way for the development of comorbidities in obesity [2].  Obesity-induced chronic low-grade inflammation, 

74 called metaflammation, is initiated by excess nutrients in metabolic cells [2]. The inflammatory signaling 

75 conducted by these metabolic cells eventually causes activation of specialized immune cells and leads to an 

76 unresolved inflammatory response within the adipose tissue [2]. Therapeutic interventions to inhibit 

77 inflammatory pathways in obesity have shown beneficial effects on insulin sensitivity in mouse models and 

78 human trials [2].

79 Oxylipins (OxLs) are oxygenated fatty acid metabolites derived from n-6 polyunsaturated fatty acids 

80 (PUFA) (i.e., linoleic acid, dihomo-γ-linolenic acid, and arachidonic acid (AA)) or n-3 polyunsaturated fatty 

81 acids (PUFAs) (i.e., α-linolenic acid, eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA)) through 

82 the actions of cyclooxygenases (COX), lipoxygenase (LOX), and cytochrome P450 enzymes [3].  In 

83 postmenopausal women at risk of metabolic syndrome, the amounts of OxLs were modified by dietary n-3 

84 PUFA such that the levels of pro-inflammatory were reduced and anti-inflammatory were enhanced [4].  

85 Particularly, DHA feeding reduced plasma levels of various inflammatory cytokines and OxLs (5-lipoxygenase-

86 dependent inflammatory mediators and vasoconstrictive 20-hydroxy-eicosatetraenoic acid (HETE) in a rodent 

87 model of obesity [5]. Emerging evidence suggests that AA-derived OxLs contribute to obesity-associated 

88 inflammation [6, 7].  For example, 5-LOX products of AA (e.g., 5- HETE or 5-oxo-eicosatetraenoic acid) exert 

89 pro-inflammatory effects by increasing the production of pro-inflammatory cytokines and inducing chemotaxis 

90 to attract inflammatory cells in the blood vessels in adipose tissue from obese mice [8, 9].  12-LOX products of 

91 AA (e.g., 12-HETE, 12-hydroperoxyeicosatetraenoic acid (12-HPETE)) have also been shown to play a direct 

92 role in obesity-induced-inflammation [10] and insulin resistance [11-13].  Obese subjects with low-grade 

93 inflammation had elevated levels of several AA-derived OxLs (e.g., 5-, 8-, 11-, 12-, 15-, and 20-HETE) 
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94 compared to those with no inflammation [7].  On the other hand, OxLs that originate from n-3 PUFA (e.g., EPA 

95 and DHA) have demonstrated their ability to suppress obesity-associated inflammation as seen in inhibiting 

96 macrophage recruitment and increasing adiponectin secretion in adipose explants isolated from obese mice [14].  

97 Supplementation of n-3 PUFA for 8 weeks significantly decreased AA-derived OxLs and increased EPA- and 

98 DHA-derived OxLs in hypertriglyceridemic subjects along with mitigated inflammatory and vascular status 

99 [15]. Since chronic low-grade inflammation in obesity is a systemic problem, administration of dietary 

100 supplements with potent anti-inflammatory function can be a good strategy to combat inflammation in obesity. 

101 Tocotrienols (TT) and tocopherol are two subclasses of vitamin E, which can be further classified into 

102 four isomers (α, β, δ, and γ). The unsaturated side chain of TT allows for more efficient penetration into tissues 

103 compared with the completely saturated side chain of tocopherol.  TT is lipophilic in nature and it is found in 

104 association with lipoproteins, fat deposits, and cellular membranes [16, 17].  TT has been shown to protect the 

105 PUFAs from peroxidation [16, 17].  In animal studies, dietary TT (palm TT-rich fraction, -TT, and γ-TT) 

106 decreased body weight [18] and fat mass [19, 20], reduced plasma concentrations of free fatty acids, 

107 triglycerides and cholesterol [21-25], and improved glucose and insulin tolerance [18-20, 25, 26].  Many 

108 epidemiology studies showed that dietary TT intake is associated with decreased serum concentrations of total 

109 cholesterol and lipoproteins of study subjects [23, 27-31].  In humans, TT supplementation (34.6% α-TT+43.5% 

110 γ-TT) reduced microalbuminuria and high-sensitivity C-reactive protein (hs-CRP), indicators of acute 

111 inflammation, in type 2 diabetic patients [32].  Intake of grape seed oil with high levels of TT was shown to 

112 attenuate serum levels of hs-CRP and TNF-α and improve insulin resistance in overweight/obese women [33].  

113 The review of the supporting evidence strongly suggests that TT can offer benefits to control obesity due to its 

114 potent anti-inflammatory-dependent biological activities.  In addition, although δ-TT and γ-TT are considered 

115 as the most potent isomers among 8 vitamin E isomers [34], their clinical relevance to combat obesity along 

116 with mechanisms has never been investigated in humans. Furthermore, our animal data were in line with δ-TT’s 

117 anti-inflammatory properties to improve intestinal dysbiosis of obese mice with insulin resistance (Shen et al. 

118 unpublished findings).  Yet, it is not known whether supplementation with TT would benefit total fat mass 
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119 reduction, improve lipid metabolism, and modify OxL in plasma and adipose tissue of humans.  Additionally, 

120 there is not a single study yet to evaluate how TT supplementation affects gut microbiome in humans, 

121 particularly obese postmenopausal women (PMW).  We previously reported that 12-week annatto-extracted TT 

122 supplementation suppressed bone resorption and oxidative stress in postmenopausal women with low bone 

123 mass [35].  However, there is no study to evaluate how TT supplementation would affect obese postmenopausal 

124 women. Therefore, the objective of this pilot study is to test a mixture of 90% δ-TT+10% γ-TT dietary 

125 supplementation for feasibility, and to quantitatively assess its potential anti-obesity effects on obese PMW. 

126 In this paper, we present the design of a 24-week double-blinded, placebo-controlled, and randomized 

127 trial as well as a discussion of the overall challenges when conducting this trial. The results from this trial will 

128 be reported at the completion of the study in accordance with the Consolidation of Standards for Reporting 

129 Trials guidelines.  

130

131 METHODS

132 Study design

133 This is a 24-week double-blinded, placebo-controlled, and randomized intervention trial with allocation 

134 1:1 for two treatment arms. Women with at least 1 year after menopause will be recruited for this study.  After 

135 screening, qualified participants will be randomly assigned to one of the two treatment groups: placebo and TT. 

136 The participants in the placebo group will receive one 430-mg olive oil softgel per day for 24 weeks. The TT 

137 participants will receive one 430-mg, 70% pure TT softgel (representing 300 mg TT) for 24 weeks. The primary 

138 outcome measure is total fat mass and the secondary outcome measures are serum lipid profile, leptin, 

139 adiponectin, lipid metabolism-related gene expression in adipose tissue, inflammation-associated biomarkers 

140 (serum c-reactive protein, plasma and adipose tissue OxL), and gut microbiome analysis in feces. Both primary 

141 and secondary outcome measures will be taken from participants at baseline and 24 weeks, except for serum 

142 lipid profiles and C-reactive protein, which will be assessed at baseline, 12, and 24 weeks. Liver function will 

143 also be monitored by assessing the activity of aspartate aminotransferase (AST) and alanine aminotransferase 
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144 (ALT) at baseline, 12, and 24 weeks. Physical activity and food frequency questionnaires will be assessed at 

145 baseline and 24 weeks. Investigators and outcome assessors evaluating the endpoints will be blinded to 

146 intervention assignment. The study received ethical approval from the Texas Tech University Health Sciences 

147 Center Institutional Review Board (protocol number L18-194). The time points of all participant-related actions 

148 to be taken during the study period are presented in Table 1. 

149

150 Study setting, study population, and recruitment

151 The subjects, ambulatory women with at least 1-year postmenopausal history, for this present study will 

152 be recruited from Lubbock and surrounding areas in Texas. Ethnicity or race is not a factor in the inclusion of 

153 subjects. Direct person-to-person solicitation in the OB/Gyn clinic and health fairs, flyers, non-solicited email 

154 system, campus announcements, local radio, newspapers, senior newsletters, and TV scripts will be used to 

155 recruit potential subjects. In addition, we plan to recruit the minority participants who have limited access to 

156 such intervention due to social and cultural factors. Advertisement in minority newspaper and radio will also be 

157 implemented. According to our past experience in subject recruitment, it is not difficult to recruit qualified 

158 participants within a reasonable time frame from our existing subject pool with the methods described above. If 

159 a longer period is needed to recruit the subjects, the study supplement intervention may take place in a 

160 staggered fashion that is a block randomization strategy will place participants into subgroups for treatments on 

161 a first-come, first-served basis. 

162

163 Screening

164 Prescreening will be conducted through a phone interview and will cover age, body weight, height, 

165 menstrual history, status of any serious chronic diseases, and availability for the study period. Subjects who pass 

166 the prescreening will attend an informed consent session and sign consents and Health Insurance Portability and 

167 Accountability Act (HIPAA) forms before completing a detailed questionnaire with demographic, health, and 

168 dietary information. Visits for fasting blood screening will follow afterwards.
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169

170 Inclusion criteria 

171 1. Postmenopausal women with body mass index (BMI) ≥30 kg/m2. 

172 2. Normal function of thyroid, liver, and kidney.

173 3. Sedentary using International Physical Activity Questionnaire (IPAQ-short form) [36]

174

175 Exclusion criteria

176 1. Unstable body weight (more than 5% change in body weight) within 3 months before intervention 

177 begins.

178 2. Changes to medications or supplements (i.e., steroids, statins) within 3 months of the baseline study visit 

179 that could affect lipid metabolism. • If they change any medications/supplements after the baseline visit 

180 that will affect lipid metabolism, their study participation will end. 

181 3. Taking anticoagulants that may interact with TT. 

182 4. Serious chronic disease (e.g., unstable cardiovascular disease, uncontrolled diabetes and hypertension, 

183 and active cancer). 

184

185 Sample size

186 Sample size is determined to provide adequate power for the study.  Data from previous studies suggest 

187 that the TT intervention would yield moderate to large changes (median f=0.31) [20, 37-39] in total fat mass and 

188 body weight.  The power analysis for the present study is considered to observe similar changes in other 

189 previous studies [20, 37-39] and assumed 0.20 correlations among repeated measures.  The analysis results 

190 revealed that the sample size of N=46 will produce 80% power while controlling Type I error under 5%.  

191 Conservatively assuming a high attrition rate of 20%, therefore, we plan to recruit 60 participants (30 in each 

192 group) at baseline—i.e., anticipated final N≥46 (power ≥80%) at the end of the study with up to 20% attrition.  
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193 Missing data either attrition or nonresponse will be fully recovered via multiple imputation as described later, 

194 which will remove or minimize (if present) confounding effects of missingness on our statistical power.

195  

196 Randomization and allocation concealment

197 Participants who meet the inclusion criteria will be randomly assigned 1:1 to placebo and TT groups 

198 using a stratified randomization with BMI (35 or <35 kg/m2), age (60 or <60 yr), use of hormone replace 

199 therapy (yes or no), and use of cholesterol-lowing drug (yes or no). All participants, investigators, coordinators, 

200 and assessors will be blinded to the treatments. De-identified data with codes will be used to facilitate blinded 

201 randomization and data analysis.  The blind on a participant will be removed in the case of an adverse event or 

202 other legitimate reason.  

203

204 Intervention

205 Purchasing and masking of study agents

206 Placebo and TT supplements of the same lot, respectively, will be provided by American River 

207 Nutrition, LLC (Hadley, MA; Investigational New Drug (IND) number 120761 by FDA). Each placebo 

208 capsule of 430 mg olive oil contains no TT ingredient at detectable levels. Each TT capsule contains 430 

209 mg DeltaGold® Tocotrienol 70% (90% delta- and 10% gamma-tocotrienol) with a 70% purity, 

210 representing 300 mg TT. In the present study, we will include the placebo group to mask the control 

211 group in order to keep participants and evaluators blinded to the treatment assignment. Placebo softgels 

212 will be made of the same size and color as the active TT softgels for identical appearance and taste. We 

213 will compare the results of blood and urinary outcome measures in the placebo group with those in the 

214 TT group.  

215

216 Treatment arms 
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217 The study agent (annatto-extracted TT, DeltaGold® Tocotrienol 70%) has Generally Recognized as Safe 

218 (GRAS) status. A tocotrienol has an unsaturated isoprenoid side chain, which is different from tocopherols. 

219 Both tocotrienols and tocopherols exist in 4 different forms in nature: α-, β-, γ-, and δ-isomers. Our study agent, 

220 the DeltaGold® Tocotrienol 70% consists of 90% delta-TT and 10% gamma-TT with 70% purity.

221 Based on (i) TT fed at 400 mg/kg diet to high-fat-diet induced obese mice showed reduced total fat mass 

222 relative to the no-TT group [19], and (ii) the use of body surface area for dose translation from mouse to human 

223 [40], the estimated effective dose of TT in humans for anti-obesity is approximately 300 mg daily.  Therefore, 

224 we will use a dosage of TT (300 mg TT daily) for 24 weeks in this study. The current RDA value of vitamin E, 

225 15 mg/d, for this study population is largely focused on α-tocopherol. No specific recommendation exists for 

226 TT. However, no adverse effects were observed with daily intake of 3.2 g or less TT [41].  Qualified 

227 participants will be randomly assigned into one of the two study groups (placebo and TT). Participants in the 

228 placebo group will receive 430 mg of olive oil daily for 24 weeks and participants in the TT group will receive 

229 a 430-mg DeltaGold® Tocotrienol 70% softgel for 24 weeks.  

230

231 Dietary intake, physical activity, and concomitant medication assessment 

232 We will take the same strategy that we used in our previous TT for bone health study [42] into this 

233 obesity study to monitor participants’ dietary intake using a food frequency questionnaire, physical activity 

234 using a log, and over-the-counter medications/dietary supplement at the baseline and 24-week visit. 

235

236 Blinding and unblinding    

237 Study participants and investigators including biostatistician, coordinators, and measurement and site 

238 personnel will be blinded to intervention allocation throughout this study. The investigators will be supplied 

239 with a blind code-breaker envelope for each subject.  The blind code will not be broken except in a medical 

240 emergency or a potential study-related adverse event determined by the principal investigator.  

241
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242 Sample collection  

243 Fasting blood will be drawn from a superficial arm vein at Clinical Research Institute, Texas Tech 

244 University Health Sciences Center, Lubbock, and blood will be allowed to clot in a vacutainer at room 

245 temperature. After centrifugation of blood samples, serum samples will be aliquoted and stored in -80C 

246 freezers for later analysis. Urine and stool specimen will also be collected and stored in -80C freezers for later 

247 analysis. Under local anesthesia, the fat biopsy specimen will be obtained from visceral fat with Bard® 

248 Magnum® instrument and needle (C.R. Bard, Inc., Covington, GA). 

249

250 Evaluation of adherence and compliance 

251 We will count the softgels consumed and measure serum TT concentration at baseline and 24 weeks for 

252 adherence and compliance of participants. We will not use the results of the percentage of softgels consumed or 

253 serum concentration of TT and tocopherol as our exclusion criteria.

254    

255 Evaluation of adverse events   

256 We will measure the AST and ALT at 0, 12, and 24 week to monitor the liver function of participants. In 

257 addition to abnormal liver function, all self-reported adverse events and medical emergencies will be recorded 

258 throughout the study period. In our previous study [43], we reported TT supplementation at both 300 mg and 

259 600 mg TT daily for 12 weeks did not affect liver or kidney function parameters and no adverse event due to 

260 treatments were reported by study participants. 

261

262 Outcome measures

263 In the present study, the primary outcome is total/regional fat mass and visceral adipose tissue. The 

264 secondary outcomes include lipid profile (total cholesterol, high-density lipoprotein, and triglycerides) in serum, 

265 mRNA expression of fatty acid synthase (FAS) and carnitine palmitoyltransferase 1A (CPT-1) in fat tissue, 

266 OxL and endocannabinoids (eCB) in plasma and adipose tissue, abundance and composition of intestinal 
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267 microbiome in feces, hs-CRP in serum, leptin in serum. Every participant will be evaluated at 0 (prior to 

268 starting intervention) and 24 weeks of intervention, except for serum lipid profile and hs-CRP at 0, 12, and 24 

269 weeks. 

270

271 Fat mass 

272 Rationale   -TT supplementation has been shown to improve glucose tolerance, insulin sensitivity, and 

273 lipid profile, and to reduce total fat mass, abdominal circumference, and visceral adiposity index in obese rats 

274 [39]. Such an improvement in glucose utilization and insulin sensitivity contributes to the reduced pro-

275 inflammatory microenvironement and subsequent reduction in total fat mass and visceral adipose tissue (VAT) 

276 [19]. Our animal study further confirmed -TT’s anti-obesity potential in obese mice [19]. These animal studies 

277 indicate that -TT plays an important role in reducing VAT in obese population. 

278 Methods   Total and regional fat mass, relative body fat, and VAT will be quantified via dual-energy X-

279 ray absorptiometry (DXA; GE Lunar Prodigy with enCore software v. 16.2) [44, 45]. Body regions for analysis 

280 include the trunk, legs and arms. VAT will be estimated using the built-in functionality of the enCore software. 

281 In the same DXA report, we will also collect data of bone mineral mass/density and lean mass. Additional total 

282 fat and VAT estimates will be obtained via bioimpedance analysis (SC-331S Body Composition Analyzer, 

283 Tanita Corporation of America, Inc., Arlington Height, IL, USA). 

284

285 Serum lipid profile, adiponectin, leptin, and hs-CRP, and urine 8-OHdG 

286 Rationale   In our previous animal study, we have shown that TT supplementation to diet reduced serum 

287 triglycerides and proinflammatory adipokines in obese mice [19]. In a randomized double-blinded, placebo-

288 controlled trial, we reported that 12-week TT supplementation (90% δ-TT+10% γ-TT) at 300 mg/day lowered 

289 urine 8-OHdG, an oxidative stress biomarker in osteopenic PMW [46]. 

290 Methods   We will ship blood samples to Covenant Medical Laboratory, Lubbock, TX for lipid profile 

291 (total cholesterol, triglycerides, low-density lipoprotein, and high-density lipoprotein) and hs-CRP analysis. The 
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292 level of serum adiponectin and leptin, and urine 8-OHdG (oxidative stress biomarker) will be measured at Dr. 

293 Shen’s lab using ELISA.

294

295 Lipid metabolism-related gene expression in adipose tissue  

296 Rationale  Obesity is characterized by altered mitochondrial activity and lipid metabolism, promoting 

297 accumulation of triglycerides in tissues, mainly white adipose tissue [47]. Defective mitochondrial biogenesis 

298 and fatty acid oxidative metabolic pathways in subcutaneous adipose tissue during acquired obesity, leading to 

299 the metabolic disturbance in obesity [48]. Based on our animal findings [19], we will focus on gene expression 

300 associated with lipid β-oxidation and fatty acid synthesis of subcutaneous adipose tissue sampled before and 

301 after TT regime.  

302 Methods  Total RNA will be isolated from frozen adipose samples using Qiagen RNeasy Lipid Kit 

303 (Qiagen, Valencia, CA) and reversely transcribed into cDNA using iScript Reverse Transcription Supermix. 

304 Conventional quantitative real-time PCR will be performed using SYBR Green with respective primers for FAS 

305 and CPT-1 (Human ProbeLibrary Gene) [49]. The relative gene expression will be assessed using the CT 

306 method [50] and GAPDH will be used as internal control for normalization [49]. In addition, total RNA will be 

307 extracted from de-identified serum and adipose tissue for later stranded mRNA-sequencing. 

308

309 Concentrations of OxL and eCB in plasma and adipose tissue. 

310 Rationale  Aging and decline of estrogen are factors that contribute to weight gain in PMW, and 

311 approaches, such as anti-inflammatory potential in TT, to reduce inflammation may likely combat obesity. 

312 OxLs and eCBs are classes of bioactive fatty acid metabolites with many structural members that influence 

313 insulin signaling, adipose function and inflammation through autocrine, paracrine and endocrine mechanisms 

314 [4, 5].  In addition, physical activity is reported to increase specific levels of eCB [51] leading to responses of 

315 well-being.  In our recent animal study, male mice fed with TT-supplemented diet experienced reduced 

316 thromboxane B2 (TXB2) and 13-hydroxyoctadecadienoic acid (13-HODE), and increased 12-HEPE (anti-
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317 platelet) and some essential amino acids (i.e., lysine and methionine) (Shen et al. unpublished findings). The 

318 former exerting complex functions like 13-HODE but lowering TXB2, a product of TX2, could have 

319 implications on the function of TXA2 (target of aspirin). Thus, higher TXB2 means increased catabolism of 

320 TXA2 and less thrombosis may result in reducing the risk for atherosclerosis. Our animal study suggests that 

321 TT may influence macronutrient metabolism in obese PMW (Shen et al. unpublished findings). Identification of 

322 novel metabolites and metabolic pathways, especially antioxidant and oxidative stress metabolites, of TT, in 

323 serum and adipose tissue of subjects will help to understand the composition and roles of these bioactive 

324 compounds in management of obesity. However, there has been no study to evaluate the effect of TT on any 

325 metabolomics profiling in obese population. Herein, we will use the same targeted metabolomics to measure 

326 OxL and eCB. 

327 Methods  Targeted metabolomics analyses of OxL and eCBs  The levels of OxL and eCB in plasma and 

328 adipose tissue will be quantitatively analyzed using UPLC tandem mass spectrometers based on our previously 

329 published work [4]. Briefly, 60 mg Oasis-HLB solid phase extraction columns (SPE) (Waters Corp., Milford, 

330 MA) are placed on a vacuum manifold, cleaned and conditioned, then spiked with deuterated OxLs and eCBs 

331 internal standards. The serum samples are thawed on ice and a 200 µL volume transferred to the SPE, up-

332 diluted to 3 mL with 5% MeOH/0.1% acetic acid, and gravity extracted. Columns are then washed with 3 mL 

333 the 5% MeOH solution. OxLs and eCBs are eluted from the SPE with 0.2 mL MeOH followed by 1.5 mL ethyl 

334 acetate, by gravity. Solvent is removed by vacuum and samples are reconstituted in 50 µL MeOH containing the 

335 internal standard 1-cyclohexyl-3-dodecyl-urea (Sigma, Aldrich, St. Louis, MO) then, filtered at 0.1 µm.  

336 Analytes are chromatographically separated on a 2.1×150 mm, 1.7µm Acquity BEH C18 (Waters Corp.) 

337 column using 0.1% acetic acid and acetonitrile gradient. The OxLs and eCBs profiles are acquired using 

338 electrospray ionization and tandem mass spectrometry by back-to-back (+)-mode/(-)-mode injections on a Sciex 

339 API 4000-QTRAP (Pleasanton, CA). A complete list of measured analytes with retention times, acquisition 

340 parameters, and detection limits are shown for the OxLs and eCBs in a previously published article [4], 

341 respectively. 
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342

343 Abundance and the composition of intestinal bacteria in feces. 

344 Rationale   There has been a growing body of evidence to implicate altered intestinal microbiota in the 

345 development of obesity. The commensal microflora of the human GI actively participates in the processes of 

346 energy harvest and expenditure. Biochemical crosstalk between gut bacteria and the host has a critical impact 

347 on the metabolic status (OxLs and eCBs) of the human body. In our previous animal study, we reported that 

348 relative to the high-fat diet (HFD) control group, the HFD+TT at 800mg/kg diet group increased abundance of 

349 Akkermansia g (of the phylum Verrucomicrobia) and S24-7 family (class Bacteroidetes), and decreased that of 

350 Clostridiales order, and Oscillospira genus (of the phylum Firmicutes). Our animal data were in line with δ-

351 TT’s anti-inflammatory properties to improve intestinal dysbiosis of obese mice with insulin resistance (Shen et 

352 al. unpublished findings). Therefore, in this pilot study, we would like to explore how dietary TT supplement 

353 affects the abundance and composition of gut microbiome in PMW. 

354 Methods  16S Metagenome analysis of fecal samples Bacterial DNA will be isolated from feces using a 

355 MoBio PowerFecal® DNA Isolation Kit (MO BIO Laboratories, Inc, Carlsbad, CA). The microbial diversity of 

356 fecal samples will be evaluated using metagenomic 16S rDNA gene sequencing technique. Variability in the 

357 bacterial V3-V4 region will be used to identify bacterial abundances in both treated and untreated subjects. 

358 Quantitative insights into microbial ecology (QIIME, version 1.8.0) will be used for data analysis according to 

359 previous published method [52]. In brief, one μL of DNA sample (20 ng/μL) will be used for a 25 μL PCR 

360 reaction. The V3-V4 regions of the 16S rRNA gene region will be amplified using gene specific primer pairs. 

361 PCR amplicons from all samples will be normalized using SequalPrep plate Normalization kit (Thermo Fisher 

362 Scientific, MA). Equal volumes of samples will be pooled and quantified using Qubit 2.0 (Thermo Fisher 

363 Scientific, MA) and quality will be checked using TapeStation (Agilent Technologies, CA). Libraries will be 

364 sequenced on MiSeq (Illumina Inc., CA) using a 600 cycle v3 sequencing kit. Post sequencing, reads will be 

365 filtered based on quality score and aligned on 16S database using our custom pipeline involving PEAR, and 
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366 QIIME software’s. Final OTUs will be taxonomically classified using BLASTn against the GreenGenes 

367 database, and compiled into each taxonomic level into both “counts” and “percentage” files. 

368

369 Statistical Analysis

370 Sample demographics and all outcome measures will be summarized by descriptive statistics and 

371 bivariate tests within the whole sample and between treatment groups (placebo vs. TT) and demographic 

372 subgroups (e.g., age, BMI). The correlations among outcomes and potential covariates (e.g., demographic 

373 variables, dietary and lifestyle changes, concomitant medications) will be examined in a preliminary analysis. In 

374 order to examine the effects of the TT intervention, hierarchical linear modeling will be conducted to examine 

375 overall treatment group difference across time (i.e., group effect), linear or nonlinear change over time (i.e., 

376 time effect), and group difference in this change (i.e., group-by-time interaction). Models will be adjusted for 

377 identified covariates, thereby providing unbiased effect estimates. If present, missing data will be handled by 

378 Monte Carlo Markov Chain (MCMC) multiple imputation [53]. A large number of (e.g., 200) imputed datasets 

379 will be generated and then analysis results from each imputed dataset will be combined together to make valid 

380 statistical inference. Gut microbiome data will be analyzed designed to pinpoint similarities and differences of 

381 bacterial communities between the treated and untreated subjects. 

382 Data for OxL and eCB will be expressed by descriptive statistics. If necessary, OxL and eCB data will 

383 be transformed to normality by an iterative process using imDEV v1.4.2 [54] and missing data will be handled 

384 by MCMC multiple imputation. Statistical significance of the means will be evaluated using 2-tailed t-test at 

385 0.05 alpha level. To account for multiple testing, the false discovery rate will be computed and reported for each 

386 comparison using the q-value method [55]. A summary of the numbers of biochemical (or called metabolite) 

387 that achieved statistical significance will be reported. OxL and eCB data will be combined with measurements 

388 for partial-least squares discriminate analysis. To improve clustering performance, the reduced data matrix 

389 variables (complete data set) will be subjected to orthogonal signal correction using the procedures of Wehrens 

390 [56] and partial least squares discriminate analysis of Variable Importance Plot filtered data set using the 
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391 orthogonal scores PLSR component of the R ‘pls’ package [57]. Iterative rotations for uniform projection of 

392 discriminate variables onto a single latent variable will be done.  

393 Data of microbiota OTU reads will be imported into R version 3.4.3, and all statistical analyses will be 

394 performed using the vegan and phyloseq packages unless specifically noted. OTU richness will be determined 

395 by Chao1 and the OTU evenness will be determined by several diversity indices (i.e., Shannon, Simpson, 

396 Inverse Simpson, and Fisher). Group differences in α-diversity (richness and diversity) will be evaluated by 

397 ANOVA. Between-specimen diversity (β-diversity) will be assessed by the Bray–Curtis method and then 

398 visualized using nonmetric multidimensional scaling. Group differences in β-diversity will be measured using 

399 permutational multivariate analysis of variance with 500 permutations. Group differences among taxa- and 

400 genus-level OTUs will be assessed by pairwise comparisons on read counts using Negative Binomial Wald 

401 Tests from the DESeq2 package. All tests will be corrected for multiple comparisons using the false discovery 

402 rate correction by Benjamini and Hochberg. Associations among selected variables will be assessed with 

403 Spearman's correlations. The statistical significance is as determined at P≤0.05.

404
405 Data management and data collection 

406 Researchers will keep information obtained in this study confidential except as required by law. All 

407 participant questionnaires, records, and data will be coded and properly stored in locked cabinets. Only study 

408 investigators will have access to those files linking a person’s study number to his/her name. Those forms will 

409 include Informed Consent Form, HIPAA Authorization form, all recruitment questionnaires, and all other 

410 related materials.   

411 The principle investigator will be responsible for oversight of data management of the trial. A certified 

412 monitor from Clinical Research Institute, independent from research team and sponsor, will assist the principle 

413 investigator in monitoring data collection before the datasets are delivered to study biostatistician. 

414 Questionnaire data will be entered on various forms and then entered into the Excel database. Laboratory data 

415 will also be verified and entered into an Excel database. Data of eligibility, medical records, attrition rate, and 

416 compliance rate will all be entered into an Excel database. Data queries including missing values will be 
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417 referred to the principle investigator. The principle investigator will have access to the final trial dataset and 

418 disclosure of contractual agreements. The principle investigator will also incorporate any correction or addition 

419 into the datasets. Finally, a clean dataset without any identification will be generated and delivered to the 

420 biostatistician for statistical analysis.   

421

422 Ethics

423 The study protocol and template consent forms have been reviewed and approved by the Bioethics 

424 Committee of the Texas Tech University Health Sciences Center. An informed consent form will be signed by a 

425 participant before enrolling in the study. Any modifications to the protocol, which may affect the conduct of the 

426 study, potential benefits to the study participants, or their safety will be reported to the ethics committee for all 

427 necessary amendments. All study-related information will be stored securely at the study site in local cabinets, 

428 in an area with limited access (databases will be secured with a password-protected access system).

429

430 Patient and Public Involvement

431 The patients and the public will not be involved in the design, assessment or conduction of this trial. 

432 Recruitment information is available on local newspaper, senior newsletter, and clinics. This information will 

433 allow postmenopausal women to contact research coordinator if they are willing to participant. Postmenopausal 

434 women with adverse outcomes will be followed up throughout their intervention and will be referred to experts. 

435 Feedback will be sought from all participants at the end of the study to assess burden of intervention and to help 

436 develop future trials.  

437

438 Dissemination 

439 The findings of this study will be submitted to a peer-referred journal in the areas of obesity or 

440 nutrition/functional food. Abstracts will be submitted to relevant national and international conferences. 
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441 The effectiveness of annatto-extracted tocotrienols for obesity-associated parameters in postmenopausal 

442 obese women is still unknown. Our study, carried out at a single research center with experience in conducting 

443 independent, investigator-initiated FDA-IND clinical trial, is intended to address a gap in the field and will test 

444 the safety and efficacy of annatto-extracted tocotrienols supplementation for anti-obesity capacities in 

445 postmenopausal obese women. 
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622 Table 1. Timetable of activities planned during the course of the study directly related to participants  
623 Weeks
624 ------------------------------------------------------------------------------------
625 Activity -4 -2 0 3 6 9 12 15 18 21 24
626 Enrollment x
627 Screening (liver function, TSH) x
628 Randomization x
629 Intervention x x x x x x x x x
630 Body composition x x
631 Fat biopsy (optional) x x
632 Blood for outcomes x x x
633 Liver function assessment x x x
634 Pill counts x x x
635 Food intake assessment x x
636 Physical activity survey x x
637 Self-report adverse event x x x x x x x x x
638
639
640
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SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related documents*

Section/item Item 
No

Description Addres
sed on 
page 
number
of 
manusc
ript

Administrative information
Title 1 Descriptive title identifying the study design, population, interventions, and, if applicable, trial 

acronym
1

2a Trial identifier and registry name. If not yet registered, name of intended registry 1Trial registration
2b All items from the World Health Organization Trial Registration Data Set n/a

Protocol version 3 Date and version identifier n/a
Funding 4 Sources and types of financial, material, and other support 17

5a Names, affiliations, and roles of protocol contributors 1, 17Roles and 
responsibilities 5b Name and contact information for the trial sponsor 1

5c Role of study sponsor and funders, if any, in study design; collection, management, 
analysis, and interpretation of data; writing of the report; and the decision to submit the 
report for publication, including whether they will have ultimate authority over any of these 
activities

17

5d Composition, roles, and responsibilities of the coordinating centre, steering committee, 
endpoint adjudication committee, data management team, and other individuals or groups 
overseeing the trial, if applicable (see Item 21a for data monitoring committee)

n/a
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2

Background and 
rationale

6a Description of research question and justification for undertaking the trial, including summary 
of relevant studies (published and unpublished) examining benefits and harms for each 
intervention

3-5

6b Explanation for choice of comparators 5
Objectives 7 Specific objectives or hypotheses 5
Trial design 8 Description of trial design including type of trial (eg, parallel group, crossover, factorial, 

single group), allocation ratio, and framework (eg, superiority, equivalence, noninferiority, 
exploratory)

5-6

Methods: Participants, interventions, and outcomes
Study setting 9 Description of study settings (eg, community clinic, academic hospital) and list of countries 

where data will be collected. Reference to where list of study sites can be obtained
6

Eligibility criteria 10 Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for study 
centres and individuals who will perform the interventions (eg, surgeons, psychotherapists)

6-7

11a Interventions for each group with sufficient detail to allow replication, including how and 
when they will be administered

8-9

11b Criteria for discontinuing or modifying allocated interventions for a given trial participant (eg, 
drug dose change in response to harms, participant request, or improving/worsening 
disease)

9-10

11c Strategies to improve adherence to intervention protocols, and any procedures for 
monitoring adherence (eg, drug tablet return, laboratory tests)

9

Interventions

11d Relevant concomitant care and interventions that are permitted or prohibited during the trial n/a

Outcomes 12 Primary, secondary, and other outcomes, including the specific measurement variable (eg, 
systolic blood pressure), analysis metric (eg, change from baseline, final value, time to 
event), method of aggregation (eg, median, proportion), and time point for each outcome. 
Explanation of the clinical relevance of chosen efficacy and harm outcomes is strongly 
recommended

10-14

Participant timeline 13 Time schedule of enrolment, interventions (including any run-ins and washouts), 
assessments, and visits for participants. A schematic diagram is highly recommended (see 
Figure)

Table 1

Sample size 14 Estimated number of participants needed to achieve study objectives and how it was 
determined, including clinical and statistical assumptions supporting any sample size 
calculations

14
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Recruitment 15 Strategies for achieving adequate participant enrolment to reach target sample size 6

Methods: Assignment of interventions (for controlled trials)
Allocation:

Sequence 
generation

16a Method of generating the allocation sequence (eg, computer-generated random numbers), 
and list of any factors for stratification. To reduce predictability of a random sequence, 
details of any planned restriction (eg, blocking) should be provided in a separate document 
that is unavailable to those who enrol participants or assign interventions

6

Allocation 
concealment 
mechanism

16b Mechanism of implementing the allocation sequence (eg, central telephone; sequentially 
numbered, opaque, sealed envelopes), describing any steps to conceal the sequence until 
interventions are assigned

9

Implementation 16c Who will generate the allocation sequence, who will enrol participants, and who will assign 
participants to interventions

9

Blinding (masking) 17a Who will be blinded after assignment to interventions (eg, trial participants, care providers, 
outcome assessors, data analysts), and how

9

17b If blinded, circumstances under which unblinding is permissible, and procedure for revealing 
a participant’s allocated intervention during the trial

9

Methods: Data collection, management, and analysis
Data collection 
methods

18a Plans for assessment and collection of outcome, baseline, and other trial data, including any 
related processes to promote data quality (eg, duplicate measurements, training of 
assessors) and a description of study instruments (eg, questionnaires, laboratory tests) 
along with their reliability and validity, if known. Reference to where data collection forms 
can be found, if not in the protocol

13-15

18b Plans to promote participant retention and complete follow-up, including list of any outcome 
data to be collected for participants who discontinue or deviate from intervention protocols

n/a

Data management 19 Plans for data entry, coding, security, and storage, including any related processes to 
promote data quality (eg, double data entry; range checks for data values). Reference to 
where details of data management procedures can be found, if not in the protocol

16

Statistical methods 20a Statistical methods for analysing primary and secondary outcomes. Reference to where 
other details of the statistical analysis plan can be found, if not in the protocol

14-15

20b Methods for any additional analyses (eg, subgroup and adjusted analyses) 14
20c Definition of analysis population relating to protocol non-adherence (eg, as randomised 

analysis), and any statistical methods to handle missing data (eg, multiple imputation)
14-15
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Methods: Monitoring
Data monitoring 21a Composition of data monitoring committee (DMC); summary of its role and reporting 

structure; statement of whether it is independent from the sponsor and competing interests; 
and reference to where further details about its charter can be found, if not in the protocol. 
Alternatively, an explanation of why a DMC is not needed

17

21b Description of any interim analyses and stopping guidelines, including who will have access 
to these interim results and make the final decision to terminate the trial

n/a

Harms 22 Plans for collecting, assessing, reporting, and managing solicited and spontaneously 
reported adverse events and other unintended effects of trial interventions or trial conduct

10 

Auditing 23 Frequency and procedures for auditing trial conduct, if any, and whether the process will be 
independent from investigators and the sponsor

16

Ethics and dissemination
Research ethics 
approval

24 Plans for seeking research ethics committee/institutional review board (REC/IRB) approval 6

Protocol 
amendments

25 Plans for communicating important protocol modifications (eg, changes to eligibility criteria, 
outcomes, analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial 
registries, journals, regulators)

16

Consent or assent 26a Who will obtain informed consent or assent from potential trial participants or authorised 
surrogates, and how (see Item 32)

6

26b Additional consent provisions for collection and use of participant data and biological 
specimens in ancillary studies, if applicable

n/a

Confidentiality 27 How personal information about potential and enrolled participants will be collected, shared, 
and maintained in order to protect confidentiality before, during, and after the trial

16-17

Declaration of 
interests

28 Financial and other competing interests for principal investigators for the overall trial and 
each study site

17

Access to data 29 Statement of who will have access to the final trial dataset, and disclosure of contractual 
agreements that limit such access for investigators

17

Ancillary and post-
trial care

30 Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer 
harm from trial participation

n/a

Dissemination policy 31a Plans for investigators and sponsor to communicate trial results to participants, healthcare 
professionals, the public, and other relevant groups (eg, via publication, reporting in results 
databases, or other data sharing arrangements), including any publication restrictions

17
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31b Authorship eligibility guidelines and any intended use of professional writers n/a
31c Plans, if any, for granting public access to the full protocol, participant-level dataset, and 

statistical code
n/a

Appendices
Informed consent 
materials

32 Model consent form and other related documentation given to participants and authorised 
surrogates

n/a

Biological 
specimens

33 Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or 
molecular analysis in the current trial and for future use in ancillary studies, if applicable

n/a

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaboration for important clarification on the items. 
Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative Commons 
“Attribution-NonCommercial-NoDerivs 3.0 Unported” license.
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