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ABSTRACT

Omega3 fatty acids as a supplement in the diet, has been studied and
linked to forms of weight losgjlycemiccontrol, andcardiovasular benefits. Chia
seeds are high in ome@datty acids andnly afew researchers havevestigate
their health benefit$zewhuman subjecsupplementation studies have been
completed utilizing chia seeds and the findiage conflicting as tthe significant
health benefits of chia seeisoverweight/obese persankhis thesis study aimed
to examine the effects 8fweekchia seed supplementationanotherwise
healthy overweight/obese female population. Seventeen participants were assigned
to either the chia group or the control group. The chia groupswadied10% of
their total daily kcals in chia seeds and consumed them with 100z. of water before
eachmeal and the control group was instructed to consume 100z of water before
eachmeal.Body composition (weight, BMI, waits circumference, etc.) and fasting
blood glucose was collected for each participant at itmee points week 1, 4, 8.

Statistical sigifi cance was determined witt2gcondition) x 3 (time) mixed analysis of
variance (ANOVA) for each dependent variable. There was no significant treatment by
time interaction for all dependent variables (weight, BMI, body fat, fat mass, fat free
mass, waisticcumference, hip circumference, fasting blood glucose)l here was no
significant main effect or interaction for all dependent varial@des.study showed that
daily supplementation of chia seeats10% ofcalories had nosignificanteffect on body

composition in overweight/obese females.
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CHAPTER 1
INTRODUCTION

Statement of the Problem

Obesity has been of great concern for the pastifBsades in the United States
(U.S.) and other countries. In the U.S., approximately 70% of communities rank obesity
as a leading issue in their afeMorethan one in three adults and one in gikdren
(ages 219) are obese and one in 11 young children (aggsa?e obese Due to tle
obesityissue public healtHeanstowards obesity prevention through education and
intervention and positive outcomiave resultetf. After decades of the increasing
obesity rate, the increasing rate has begun to stabilize in children and slow ih adults
Despite this, obesity is still a global epidemAccording to the World Health
OrganizatiofWHO)®, being overwight and obese is killing more people than being
underweightObesity increasetherisk for the development of type 2 diabetes, heart
disease, some forms of cancer, dementianaauyother health concerns

A person is said to be overweight witlbh@dy mass index (BMIbetween 25
kg/m?/m - 29.9kg/n? and a BMI greater than 3@/n? indicates obesifyThe underlying
danger with being overweight/obese thdong-term effects and physiological
disruptions thaimayarise.Being overweight/obese stems from an excess amount of fat or
adiposdissue, especially in the abdominal regiand risk increases with fat
Remarkably, adipose tissue can act as an endocrine® oAgipocytes not only contain
stored fat but also contain an array of immune cells, macrophages, and adipokines
(protein signaling moleculel)An overweight/obese a person congis@n excess
amount of energy that cannot bged andavill be stored. If this lifestyle continues,

adipocytes enlarge and produce more adipocytes to keep up with lipid storagé #d¢eds
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a certain point, the numbef adipocytes outnumbers the available oxygen and will result
in cell death of some adipocytésThis contributes to amflammatory response occurs
and leads to dysfunction of normal immune and endocrine fuhgtiovhen chronic
obesity occurs and no lifestyle or pharmacological intervention is practiced, the body will
begin to enter thdisease state. Health conditions that can stem frondidfease state
include insulin resistanét type 2 diabet&shormone imbalanég liver diseas®, and
some cancet$

If obesity is an inflammatory state, then the goal should be to reduce
inflammation. This can be done by being physically aétitand maintaining a
balanced dié??® Several health organizations such as the American Heart Association
andWHO recommend maintaining actave physical life, achieving a healthy weight,
increasing fruits, vegetables, and whole grain consumption, and most notably, eliminating
transfats, decreasing saturated fats and increasing unsaturated fat constimption
Unsaturated fats include monounsaturated and polyunsaturated fatty acids (PUFAS).
PUFAsconsist of omeg& and omeg#® fatty acids (FAs) but omegiaFAs have been of
great interest. Studies have found that incorporating more egEgarich foods may
aide in weight 1023 improve plasma lipid level$?S, insulin resistanéé@?’, and
decrease inflammatié®?® All of those factorgreconsidered attributesf being
overweight/obese. Foods that are rich in oragd@As include coldvater fatty fish
(salmon), nutssuch as walnutgndsomeseed®. There have been mastudies
analyzing the effect of coldater fatty fish and walnutsand their health benefits,
however thereare only a few studies analyzing chia seedgaGeeds aralso very high

in omega3 FA. One ounce of chia seeds contains 5g of or3eiga with 4.6g of protein



and 9.8g of fibet. Despite their high omeg@FA content, research with chia seeds is
limited. Thereforethe purpose of this study wasdetermine the sheterm effect of
chia seectonsumption on fastinglood glucos€FBG) levels and body composition in an
overweight/obesesimale population.
Justification

Although there are some studies that analyze the effect of chia seeds on plasma
lipid levels, fasting plasma glucose, and body composition, the results are conflicting a
limited. Many of these studies are conducted in subjects with a chronic disease, utilize
different chia doses, and vary in intervention duration and incorporate caloric restriction
and/or diet change. Few studies utilize an otherwise healthy overwéigse/ population
and do not provide dietary or lifestyle modification in order to truly analyze the effect of
the chia seeds themselves. This study aimed to analyze the effbia séed
consumption on body composition aRBG levels in premenopausal\erweight/obese

females.

Objectives

Objective 1: To determine the shoerm effect of chia seeds Hd% of totaldaily kcals
onfastingblood glucose levels.

Objective 2: To determine the shterm effect of chia seeds Hd% of totaldaily kcals

on baly composition

Hypotheses
Null Hypothegs
Ho1: Fasting tood glucose levels will not be affected by supplementation of daily chia

seed ingestioat 10% of totaldaily kcals



Ho2: Body composition will not be affected by supplementation of daily sl
ingestionat 10% of totaldaily kcals

Hos: There will be no difference in body composition changes betweeahigngroup and
the control group.

Ho4: There will be no difference ifastingblood glucose changes betweencthm group
and the contriogroup.

Research Hypothess

Ha1: Daily chia seed ingesticat 10% of totaldaily kcalswill result in decreasefasting
blood glucose levels after 8 weeks.

Haz2: Body composition will be affected by supplementation of daily chia seed ingestion
at 10% of totaldaily kcals

Has: Chia supplementatioat 10% of totaldaily kcalswill result in a significant change

in weight, lean muscle mass, and waist and hip measurement than the control group.
Haa: There will be a difference ifastingblood glucosehanges between the Chia group

and the control group



CHAPTER 2
LITERATURE REVIEW

Omega3 Polyunsaturated Fatty Acids

Omega3 polyunsaturated fatty acids-BhPUFASs) are essential fatagids
becaus®f the inabilityof humando create doublbonds in the omegé and omega
positiors. The most common-8 PUFAs include alpkanolenic acid (ALA),
eicosapentaenoic acid (EPA), and docosahexaenoic acids (DHA). Cold water salmon,
tuna, and mackerel are excellent sources of EPA and®®¥HAvhile ALA is abundantly
found in plant sources such as nutslfiuts), seeds (chia seeds), and some oils (flaxseed
0il) 3435

An immense amount of research has analyzed the protective cardiovascular
effects of ,.3 PUFASs in the human body. Research has concluded-8&iUFAs have
the ability to improve blood lipids (triglycerides, cholesterol, low density |ipiin
cholesterof}®, blood pressuré, and decrease canttascular disease ri€k The cardie
protective effects of48 PUFAs are further aided by their amilammatory
propertied®*% Additionally, a diet enriched with-8 PUFAs have shown an increase in

resting metabolic ratéwhich may positively affect body composition.

Omega3 PUFAs and Body Composition

The verdict on the effect of8 PUFAs on body composition (fat mass, body
weight, BMI) is still in review. Many studies that have analyzed the effecBdPOFAs
on body composition have citinting results. This is mostly due to the methodology of
the studies. As with many supplement studies, the dosage ofstRJRAS and the type
is variable andikely impacsthe results. Additionally, many studies incorporate exercise

plans and/or diahodifications in conjunction with the supplementation, therefore,
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whether the body composition change is due to {BdPUFAs aloner in conjunction
with, is still unknown.

A study conducted b@unnarsdottiet af? supplemented men and women with
either a fish diet, fish oil supplement8PUFA), or a placebo diet for 8 weeks and
found that the addition of the fish oil supplement or fish diet aided in more weight loss
compared to the control diet. However, this study included a dietary calstrictien of
600kcals/day and provided participants with a detailed diet plan to follow. This
methodology impedes the true evaluation of the effectdPtUFAs on body
compositionbecause caloric restriction has been shown to aide in weight loss and thus
the study cannot determine the ultimate cause of any chabgeke contrary, a study
conducted byGerlinget af® supplemented young, healthy men with 2g of EPA and 1g
DHA per day for 12 weeks following their habitual diBady mass, weekly exercise,
and daily energy intake did nohange in eithrethe 3 PUFAgroupor the placebo
group, however, there was a decrease in total caloric intake wighir3 PUFA group,
alluding to the effecthatn-3 PUFAs increasesatiety. Additionally, resting metabolic
rate significantly increased by 5.4% in theplement group at the end of the 12 weeks.
This study implemented a high dosage & RUFAs Althoughthe researchedid not
see direct changes in body composition, the ability-8fRUFAs to affect body
composition in the logterm (RMR, caloric irgke) may bevident.

Several other studies have similar conflicting findings but overall, most show a
trend towards significance for a decrehseight and fat mass in thehPUFA
grou®*4 Because of the conflicting findings in the literature for body composition

changes with +8 PUFA supplementation, further research is needddterminehe



effecs n-3 PUFAs on body composition. In order to accomplish this, rigid methodology
should be aplied and controls set for the limitations of varying diets. Many studies

utilize a combination of exercise and diet changes with the supplementation, however, the
supplementation alone should be analyzed in order to evaluate the effe@$offAs

and o find the most effective dosage.

Omega3 PUFA and Glucose

Thepositiverelationship betweeabesity and diabetes has been widely
acknowledged by several studie®. Increased adipose tissue leads to an inflammatory
state in the body and those inflammatory cytokines begin to negativelytaffeet body ' s
physiology®“® such as insulin and glucosptaké-?°°% Chronic lowgrade inflammation
can begin to effect glucose levels and increase the risk of the development of type 2
diabetes mellitus (T2DM}°2 The solution to this phenomenoright bethe reduction of
inflammatory cytokines produced by excess adipose tissue in the body. The reduction of
adipose tissue and an increasantrinflammatory species has beelnservedy dietary
modifications, specifically, the inclusion of omeg&®UFAS>>®,

A study conducted bEllulu et aP® supplemented 36 males and females with
500mgof fish oil (3 PUFA) for 8 weeks. AlthougRBG significantly decreased after 8
weeks in the supplement group, when compairigidl tve control group, no significant
difference was foundAdditionally, Tousouls et al’ tested the effeaif 2g n3 PUFA
supplementation in lipid profile markers aRBG amongmale and female metabolic
syndrome patients for 12 weekspid profile markers (TC, RG, LDL) and fasting

glucose levels (p=0.02) were significantly different from week 0 to week 12, however,



when compared to the placebo group, no significant difference through time was found
for glucose levels.

Several of the studies who examiFBG levds find similar results: significant
differences within the supplement group but+sagnificant differences when compared
with the placebo grqar®®8. Yet, animal studies have found significant decreases in blood
glucose levels after supplementaffifwhich is one of the reasons that led to examining
human supplementation. As previously mentione8 HUUFAs have aninflammatory
properties which aids in the reduction of cardiovascular disease risk and to a certain
extent the reduction of gtose levels. Similar to the studies analyzing body composition,
those who analyzEBG levels all vary in the length and dosage of supplementation. In
addition, the type of48 PUFAmost often in the form of animal DHA and ERMso vary
from study to studyAgain, the literature on-8 PUFA and glucose levels is

contradictory, elucidating the need for further research.

Chia Seeds and Omeg& PUFAs

For many years, the scientific thought was thatthenatbased-3 PUFA was more

effective in physiological utilization due to its bioavailability compared to the plant
product®. However, many researchers argue that the dosages used in human studies are
significantly high and not realistic to what is consumed habitifaftyOthersstate that
consumption oplant-basedh-3 PUFAALA - cannot synthesize EPA and DHA well

enough to exhibit its beneficial effe€tsDespite the availability of-8 PUFASs in both

plant and animal produstanimal products have been widely researched, leaving a gap in
the literature foplantbasedh-3 PUFAs. For those who are vegetarian, vegan, or do not

consume fish, there is a need for more research iplainébasedarea since these fatty
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acids play arucial role in physiological events. Numerous studies have analyzed the
effect of walnut®&®4and have found similar results in cardiovascular improvements as
with animatbased-3 PUFAs.
Studies utilizing walnuts show the most benefits, yet there is a nutritionally
similar seed that has begun to pique the interest of researchers and cowu$isrszsds.
One ounce of chia seeds contains 7g of ALA, although this is less than what is found in
one ounce of walnuts, chia seeds have more fiber, protein, minerals, and less calories than
walnuts [able 1). Thus, making chia seeds a great candidatedearch.

Tablel: Nutritional characteristics of 10z walntsand chia seeds(USDA)

Nutrient Walnuts (10z2) Chia Seeds (102)
n-3 PUFA 13g 79

Fiber 1.99 10g

Protein 4.39 4.79

Calories 185 138

Iron 4% 12%

Magnesium 11% 23%

Calcium 2% 17%

n-3 PUFA, omeg8 polyunsaturated fatty acids
Chia Seeds and Body Composition
As the area of research for chia supplementatiemisrging there are only a
handful of studies that have analyzed the effect of chia seeds on body composition
changes. Many, if not all of the studies involve an older T2DM/overweight/obese
population and vary in the form and duration of chia seed supplemenidizne. is a

total of six studies that have analyzed body composition changes, with three studies
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finding no changes in body composition after supplemenf&tfénNieman et af®
supplemented 56 overweight and obese wometY¥@ears) with 25g of milled or
whole chia seeds per day for 10 weeks. Subjects were placed in either the whole chia
seed, niled chia seed, or poppy seed (placebo) group and were asked to consume 25g of
their supplement sprinkled on food throughout the day (yogurt, smoothies, cereals, etc.).
Body composition and lipid profile was assessed at pretest and after 10 weeks. No
significant differences in body mass or composition or lipid profile were found in either
groups. However, there was a significant increase in serum concentrations of ALA and
EPA in the milled chia group compared to whole chia or the placebo group. This is
significant because one of the arguments against-plase¢d 8 PUFASs is that they do
not provide enough synthesis of EPA compared to anirB&dFALC. Toscanaet af®
supplemented 26 men and women-68years; BMI 25835kg/nt) with 35¢g of chia
flour/day for 12 weeks. Participants were instructed to add chia flour to water, yogurt,
vitamins, fruit, or juices throughout the day. Body composition amndl fippfile were
assessed. A significant decreased in waist circumference was found with the chia flour
group compared to the placebo group, however no significant changes in body mass and
fat mass was seen in either groups. Despite no changes in body messease in waist
circumference could mean that with either a higher dosage of the supplement or an
extended intervention time, significant changes in body composition may be seen in
future studies.

In the most recent study, Vuskan Ef aandomly assigned 58 T2DM men and
women to either the chia treatment (30g/1000kcal ground chia seed) or placebo group

(36g/1000kcal oat bran). Both supplements were provided in two forms, baked into
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whole-wheat bread and powder form to be sprinkled ontd.fomlike the previous
studies, the investigators included arBlhute counseling session wihstudy dietitian
every 6 weekor a total of 6 months. These sessions provided participants with
information onfollowing an individualized energgestricted det, utilizing study
supplements, and following dietary and lifestyle guidelines as outlined by the Canadian
Diabetes Association for individuals with T2DResults showed significant reduction in
weight (1.9 £ 0.5kg) at-&nonths compared to the control gpo Additionally, waist
circumference significantly decreased by 3.5 + 0.7cm in the chia group with no
significant change in the control grouyo significant differences were observed in mean
hip circumference and percent body fat between groups, hoveewghin intervention
reduction ofandroid (3.7+2.8%and gynoid fat (6.2 3.9%) was observed in the chia
group, but not inthe controlgroup This study is significant because weight significantly
decreased, however, the study utilized nutrition courgekssions and a calorie
restricted diet in the methodology. Whether it was the chia seeds, the counseling
session/caloric restriction, or both that led to the decrease in weight is unclear.
Nevertheless, weight loss did occur in these T2DM participainish elucidates the need
for further research with chia seeds and its possible positive effects on body composition.
Finally,ama s t e r ' swuf! ttilzexd iymingland radthy participants and added 20%
of total kcals of chia seeds to 23 femaldist for 5 weeks. With a frelving aspect,
significant reductions in body weight, body fat, and fat mass were found for the chia
group however no differencésundwhen comparetb the control group

The literature is lacking studies with otherwise healthy individuals who are

overweight/obese but do not have T2DM. Using non T2DM participants may lead to
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finding the best method of chia seed consumption. Additionally, all of iaesekd
studies utilize an older population (40+ years) and few studies, if any, utilize younger
populations. This need is relevant now that the national prescription to the obesity
epidemic is early prevention.
Chia Seeds and Glucose

As with body compsition, there is also a severe lack of studies that concentrate
on glucose changes with the supplementation of chia seeds. There are approximately
eight studies that supplement participants with a form of chia seeds. Seven of those
studies analyzeBG levds and only one study found a significant change in glucose
levels after treatmefft®:%%.70.72|n 2009, Nemen et & supplemented 76 men and
women (20670years) with 25g/day of chia seed mixed with 0.25L of water twice a day
(total of 50g/day) for 12 weeks. They analyzed body comipasilipid profile, and
glucose levels and found no differences in any variables except for an increase in plasma
ALA in the chia group. On the contrary, Vuskan ét ased 20 T2DM participants (18
75 years) and supplemented them with 37g/day of milled chia seeds that were baked into
white bread. The difference with this study, though, is that participants were told to
follow the Canadian Diabetésssociation nutrition recommendations along with a set
caloric restrictionWith this combination, investigators found no significant changes for
body composition, or lipid profile, however they did find a significant decrease in
systolic blood pressure in the chia group as wedigsificant decrease inBA1C level,
and an increase in plasma ALA and EPA levElss study was one of the very early
studies done using chia seeds and contains several limitations, however the overall

methodology in terms of supplementation (dosage, duration) of chia seedemhas be
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repeated and/or enhanced from this pioneeringstudyr i nst ance, a mast e
Sung?® utilized young and healthy participants and added 20% of total kcals of edim se

to 23 femaldiet for 5 weeks. Pogirandialglycemicwas monitored after consuming 1/3

of allotted chia seeds in a juice besge, however,mdifferencesvere foundpost
prandialglycemicfor treatment or timeAdditionally, no differences in FB@&erefound

with the 5week intervention.

Thelack of research in analyzing the effect of chia seeds blood glucose levels is
severelylacking. The current literatu@able 2)shows that blood glucose levels are not
improved with chia supplementation, yet of the eight chia supplement studies, the
majority of them utilize differing doses, intervention times, and types of chia seeds,
further requiring research in chia seed supplementation, in order to truly understand the

positive or neutral effect of chia seeds.
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Table2: Literaturereviewof chia seed supplementation studies assessing body composition and glucose levels.

Author, | Subjects Study Design Chia Dose Variables Results

Year Tested

Vuskan | T2DM Randomized, 15g/1000kcal FBG, Al1C, Decreasén

et al., N=20 (11M, single blind, calculated based | BP, Lipids systolic BP,

20077 9F); age: crossover on each (total, LDL, decrease in A1C
64+8yrs, design. Two, 12 | needs (HBE) HDL, TRG), | from baseline but
BMI:28+4kg/m2 | week treatments| Mean Chia= BW not against control

Diet Ground chia bakec group, Increase of
intervention. into bread, ad Plasma ALA
libitum of ground
chia to food.
Nieman | N=90 Singleblinded, | 50g/day whole Body mass, No change for
etal., (28M,48W); 20 | parallel design. | chia seeds mixed | Body body mass, body
2009° 70yrs.; 12-week with 0.25L water | composition | composition, serun
B Ml = 2 5 k ¢ intervention. twice a day on an | (DXA), serum | glucose,
Freeliving. empty stomach glucose, cholesterol, LDL,

(25g/serving). cholesterol, HDL, TRG, blood
Placebo: soy, LDL, HDL, pressure, CRP, HL
sunflower oil, TRG, blood 6

carrot fiber, pressure,

tapioca garch. CRP, IL-6

Vuskan | N=11 (6M, 5F); | Doubleblind, 0, 7, 15, or 24g Incremental | As chia dosage

etal., 30+3.6yrs; BM | placebe ground chia baked blood glucose | increases,

20104 22.2+1.3kg/m2; | controlled, into white bread. | andappetite | postprandial
randomized, rating glycemicreduces
crossover (each gram reduce
design. 15, 30, postprandial
45, 60, 90, and glycemicby 2%
120minutes after compared to
consuming chia control).
meal5 data
collection days.

Jin et N=10 Subjects were | 25g miled chia Plasma ALA, | Body mass did not

alee (OM,10W); their own seeds/day by EPA, DPA, change pre to post
55.6+0.8yrs; controls, Pweek | sprinkling into
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BMI supplementation| fruit juices, yogurt,| DHA, body Plasma ALA
24.6x1.1kg/m2 | freeliving breakfast cereals, | mass increased by 138%
salads and other by week 7. Plasma
dishes at one mea EPA increased
or spread 30% by week 7. N@
throughout the change for DHA
day. &DPA.
Nieman | Whole Chia Doubleblind, 25g milled or Body No changes within
et al., Seeds: randomized, whole chia composition, | and between
20127 N=16 (females);| placebo seeds/day blood groups inbody
60.4+1.6yrs; controlled sprinkled onto pressure, composition, serun
BMI 32.9+1.3 parallel design. | fruit juice, other Plasma ALA, | glucose,
kg/m2 10-week beverages, yogurt] EPA, DPA, cholesterol, blood
intervention. salads, cooked DHA, serum | pressure, LDL,
Milled Chia Freeliving. vegetables, and | glucose, HDL, TRG.
Seeds: breakfast cereal | cholesterol, Plasma ALA
N= 14 throughout the blood (58.4%) and EPA
(females); day. Instructed notf| pressure, (38.6%) increased
57.2+1.7yrs; to heat the seeds. | LDL, HDL, in the milled seed
BMI 33.5+1.5 Placebo: 259 TRG group compared to
kg/m2 poppy seeds. nonsignificant
changes in the
Placebo: whole seed and
N=26 (females); placebo groups.
58.5t1.1yrs; Plasma DPA
33.1+0.9kg/m2 (21.1%) and DHA
(16.5%) ncreased
in the milled seed
group but not
significant
compared to
placebo.
Ho et N=13 (6M,#); | Randomized 7, 15, or 24g Postprandial | Reduction of post
als BMI 25.4+2.6 controlled, whole or ground | glucose prandial glucose by,
kg/m2 crossover chia seeds baked | response 20 (7g chia), 28
design. 9 data | into white bread. (159 chia), and
collection Utilized 3 control 38% (24g chia) but




9T

points; 15, 30, | breads with similar no significant
45, 60, 90, and | nutrient contents difference
120 min. post chia breads. compared to the
meal control. No
significant
differences
between milled ang
ground chia seeds
within the same
dose level.
Toscano | Chia group: Doubleblind, 35g chia flour/day | Body Body mass
et af® N=19; 48.8+2 randomized, added to water, composition, | decreased in the
kg/m2 placebo yogurt, vitamins, | Cholesterol, | chia group after 12
controlled fruit or juices. LDL, HDL, weekshowever,
Placebo group: | paralleldesign. | Freely consumed | TRG, fasting | significant weight
N=7; 51.4+3 12-week throughout the glucose, loss observed only
kg/m2 intervention. day. in the obese
Freeliving. subgroup and

Placebo group:
35¢ toasted wheat
bran

overall weight
change did not
differ compared to
the control. Waist
circumference
decreased in theé"4
and 12 week of
the study btinot
compared to the
control. No
changes in lipids
between chia and
control however
there was a
decrease in
cholesterol (13.8%
and an increase in
HDL in the
abnormal values
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subgroup. No
changes in TRG,
glucose and LDL
in any groups.

Sung® N=23 (females);| 2-period cross | Chia group: 20% | Fasting and No differences
21.43+3.01yrs; | over design of parti (postprandial | found forFBG or
BMI consisting of daily caloric intake| blood glucose | postprandial
21.95+2.0kg/m2| two 5week was substituted levels, satiety | glucose for

treatment with chia seeds levels. treatment or time.
periods. Free (mean total chia No differences
living. seed consumption found in satiety

=86.85+9.39¢g/day levels for

treatment.

Control group: no

placebo,

maintained normal

daily diet and

exercise routine.

Postprandial

glucose: 60z.capi

sun juice with 1/3

of allotted chia

seed; 3 data

collection points;

baseline and

60min. post

prandial.

wu™t N=23 (females);| 2-period cross | Chia group: 20% | Body Significant
21.43+3.01yrs; | over design of parti (composition, | reductionsin body
BMI consisting of daily caloric intake| body mass weight, body fat,
21.95+2.0kg/m2| two 5week was substituted and fat mass were

treatment with chia seeds found for the chia
periods. (mean total chia group however no

seed consumption
=86.85+9.39g/day

differences when
compared to the
control group.
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Control groupno

placebo,
maintained normal
daily diet and
exercise routine.
Vuskan | T2 DM 1o f | Randomized, 30g/1000kcal/day | Body mass, Decrease in weight
etal., yearduration doubleblind, ground chia seeds| Body (1.9+0.%qg) in the
20171 parallel design. | 1/3 of dose was | composition, | chia group after
Chia group: 500kcal reduced| bakedinto whole- | waist & hip 6mo. compared to
N=27 (7M, diet, nutrition wheat bread and | circumference, the control.
20F); 60+2yrs; | counseling the remainder was| HbA1C, Significant weight
BMI sessions provided as a fasting reduction at 18
31.0+£0.9kg/m2 | throughout the | powder to be glucose, weeks and 6mo.
intervention. sprinkled onto Significant waist

Control group:
N=31 (M11,
20F); 60+2yrs;
BMI
30.7+0.7kg/m2

food.

Placebo: mixture
of oat bran, inulin
fiber,
maltodextrin.

circumference
(3.5£0.7cm) in chia
group than the
control. No
changes/difference
in hip
circumference,
percent body fat.
There was within
intervention
reduction of
android (3.7+£2.8%)
and gynoid fat
(6.9£3.9%) in the
chia group but not
in the control. No
changes in HbA1C
and fasting glucose
levels after 6mo
either within or
between
interventions.
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Vuskan
et al.,
20176

N=15 (5M,
10F); 23.943yrs;
BMI
22.2+0.8kg/m2

Randomized,
crossover
design, 3 data
collection
points. Free
living.

Chia: 200mL
beverage with 25g
ground chia seeds

Flax: 200mL
beverage with
31.5g ground flax

Control: 200mL
water with 50g
CHO ofglucose

Blood glucose
and satiety

Blood glucose
reduced over
120min. by
0.44+0.12mmol/l
in the flax group
and by
0.640.12mmol/l
in the chia group,
but no significant
difference between
chia and flax.
Both the chia and
flax beverages
reduced all satiety
measurements.




CHAPTER 3
METHODS

Participants

This study was approved by the California State Polytechnic University, Pomona
(CPP) Institutional Review Board (IRB Protocol#188) (Appendix A)and informed
consen{AppendixC) was collected from all of the participants before commencing data
collection. Thirtynine overweight and obese females between the ages of 18 and 45
years old were recruited from CPP campus using ffgnpendixD), emais, and word
of mouth from May 201-danuary 2018 anti7 subjects were included in the statistical
analysis (N17).
Inclusion Criteria

In order to be eligible for the study, participants had to be a current student,
faculty, or staff member at CPP, biolocglly female, between the ages of 18 to 45 years,
have a body mass index (BMI) of >26kd{ratherwise healthy with no known chronic
diseases, and willing to avoid eating fish, nuts, flaxseeds, and fish oil supplements for the
durationof the study.
Exclusion Criteria

Participants were excluded from the study if they were not current CPP students,
faculty or staff, not biologically female, were younger than 18 years or older than 45
years, had known allergies to nuts or seeds, a BMI less than Z6kgmtaking any
steroid or hormone medication (other than birth contmedretaking laxatives or fiber
containing supplements on a regular basésl any known chronic diseases, were
pregnant or planning to become pregnant, and were unwilling to avoid &ahinnuts,
flaxseed, and fish oil supplements for the duration of the study.
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Experimental Design

This study was an-8eek intervention pilot study ari¥ premenopausal
overweight and obese females completed the study{NParticipants were placeuto
either the chia intervention grog@HIA) or thecontrolgroup(CON) (no chia seed
consumption). Baseline dataeek 1)included body composition measurements (weight,

height, waist circumference, etc.), and fasting glucose levels, the same datdlecssdc

at weels 4 ancB.

Recruitment Period

Winter 2017- Winter 2018

1

Informed
Consent

L

Randomization

L3

Habitual Diet

(CON)

Habitual Diet +
10% Chia Seeds
(CHIA)

LS

Data Collection

| 3

1 1 8

Week O
Baseline

Week 4
Midpoint

Week 9
Post

Figure 1:Study overvievilow map.

Chia Seed Supplementation

Initially, the study added 20%ady total kcals to th&€HIA diet. This amount was
not feasible for the participants anti@HIA participants withdrew from the study. These
participants stated that the chia seed amount was too difficult to consume. Therefore, the
study was changed so that participants added 10% daily total kcal of chia seeds to their

diet. This study amendmémvas approved by the CPP IRB (AppenBix
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Caloric intake for each participant placed into @télA intervention group was
calculated by using the HariBenedict equation multiplied by the activity factor of 1.2,
1.375, 1.55 depending on each participast act i vity | evels based ¢
provided on the initial screening form. Te
intake wasaddedwith chia seeds supplied by Salba Smart Natural Products, LLC
(Colorado, USA). According to Salba Smart NatuProducts, LLC, 159 of Salba chia
seeds contained 70kcal, 5g of fat, 5g of dietary fiber, and 3,402mg of ALA. All chia
seeds were measured and packaged for each participant according to their calculated
amount. Each chia bag was labeled witheach pagi@nt * s st udy i denti fi
ensure confidentiality. Participants were asked to consume their desired amount of chia
seeds 3010 minutes before every meal in 100z of plain water. Participants were asked to
maintain their habitual exercise routiaed dietary intake. If participants consumed any
prohibited food during the study periods, they were asked to complete an Unusual
Dietary Form(AppendixE). Participants placed into tf@&ON group were asked to
consume 100z of plain water-30 minutes before every meal for the duration of the
study. Nutrition education or counseling was not predi any of the participants.
Dietary recalls were collected from each participant througtheutliration of the study,

however, dietary intake was not evaluated for this thesis.

Data Collection and Measurements

Data collection occurred week Week 4, andveek 8 of the study and was
conducted at CPP in the morning hours between 7:00am andakf:®articipants were
instructed to fast for 12 hours prior to each data collection and each data collection

session lasted approximately 25 minutes. Data was collected in the following order:
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height, body composition, waist and hip measurements-B@d All measurements
were taken in duplicate.
Height

During the first data collection only, height was the first variable measured.
Participants were asked to remove their shoes and stand against a stadi®ecat2d 8
Portable Stadiometelfamburg,and Deuschland with their heels touching the base of
the stadiometer with their chin parallel to the floor. Height was recorded in centimeters.
Body Composition

Body composition was measured using a Tanita Bioelectrical Impedance
Analyzer (BIA) (TanitaTBF-310S, Tokyo, JapanBefore measurement was taken,
participants were given 80z. of water to drink to limit total badyervariations.
Participant information (age, height, athlete or-atinlete) was entered into the Tanita
BIA prior to measurements. Parpants were instructed to remove their shoes and socks
and stand on the indicated metal plates on the Tanita BIA. Participants remained on the
scale without movement until the Tanita BIA monitor indicated that the measurement
was complete. Measurements eeonducted in duplicaendequipment accuracy was
verified by checking for no statistical significant difference between first and second

readingusing atwo-tailed, paired Ttest

Waist and Hip Measurements
Waist and Hip measurements were taken &b €ata collection point using a tape
measureRrym Consumer, Spartanburg, )S€articipants were asked to remove any

large items of clothing (jackets, sweatshirts) before measurement. Waist circumference
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was measured at the midpoint betwésnlower margi of the last palpable rib and the
top of the iliac crestHip circumference was takemound the widest portion of the

gluteals Both measurements were taken in duplicate.

Fasting Blood Glucose

Fasting Blood Glucose (FBG) was measured using a Freesgdddm Lite
meter kit (Abbot Diabetes Care Inc., Alame@a) . Par ti ci pant’s finge
using an alcohol wipe and ther2&gaugedancet(Abbot Diabetes Care IncAlameda,
Ca)was used to prick the finger. A drop of blood was placed on the test strip of the
glucometer and the blood glucose was measured. Blood glucose measurements were

performed in duplicate.

Statistical Analysis

All data was tested using the statistisaftware SPSS 20.0 for Windows (SPSS,
Chicago, IL, USA)andisgni f i cance Aavetalsdeindepandgntieést. 0 5 .
was used to compare CHIA and CON at baseAn2.(condition) x 3 (timejmixed
analysis of variance (ANOVAJas used to analyze medifferences for each dependent
variable BMI, weight, Fat, FM, FFM, waist, hip, and glucose leydls the event of a
significant main effect or interaction, a follewp test was conducted for pairwise

comparisons.
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CHAPTER 4
RESULTS

Descriptive Measures

Currentstudy statistical analysis included 17 participantsi(Rwith a mean age
of 22.82+3.66 years, BMI 30.85 £ 3.93kg/m2, and fasting plasma glucose level of 85.66
+ 6.65mmlo/dL at baselineA two-tailed,independent-test showed no signdant
differences at baseline between groups, however, age approached significance with a p
value of 0.01Table 3. CHIA group consumed1.27+3.08g/day for-8veeks.

Table3: Baselineparticipantdescriptiveg+SD) of CHIA and CONyroups.

Measurement CHIA (n=9) CON (n=8) ol
value
Age (yrs.) 243 +4.21 21.1+2.03 0.069
Weight (kg) 84.9 + 14.0 79.4+12.42 0407
BMI (kg/m2) 32.2+4.32 29.4 +£3.05 0.149
Body Fat (%) 41.7+6.16 39.5+3.63 0.396
FM (kg) 36.0 +10.72 31.7+7.77 0.368
FFM (kg) 48.74 +3.83 47.63+5.18 0.617
WC (cm) 90.2 £ 10.39 90.3 £9.16 0.995
HC (cm) 113.8 +10.08 109.2 £5.73  0.275
f‘nlfﬁol/dL) 86.4 + 6.69 84.8 £ 6.96 0.635

P value indicate statistical difference between CHIA and CON.
CHIA, chia treatment; CON, control grouBMI, body mass indexBody Fat percent body faf-M, fat mass; FFM, fat
free massWC, waist circumferenceddC, hip circumference, FBGasting blood glucose

Research Findings
There were no outliers, as assessed by boxplot. The data was normally distributed,
as assessed by Shapwilk's test of normality (p8.05). There wasdmogeneity of
variances (p0.05) and covariances (p®5), asassessed by Levene's test of
homogeneity of variances. Mauchly's test of sphericity indicated that the assumption of

sphericity was met for the twway interaction for FFM (x2(2=2.763, p=0.251), waist
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(x2(2) =2.028, p=0.363), and hips (x2(20.266, p=0875). Mauchly's test of sphericity
indicated that the assumption of sphericity was violated for themayointeraction for
weight (x2@) =11.188, p=0.004), BMI (x2) =6.367, p=0.041), fat (x2} =6.401,
p=0.041), FM (x22) =18.379, p=0.000), and glucoée(2) =5.485,p=0.064 and thus
the Greenhous6Geisser test was analyzed for these variables.results of the repeated
measures ANOVAhowed nastatistically significan{p>0.05)treatment by time
interaction for all dependent variablegefght, BMI, body fat, FM, WC, HC, andFBG)
(table 4) Additionally, no statistically significanfp>0.05)maineffect for group was
found for all dependent variables.

Table4: Mean ¢SD) changes in outcome measures after 8 wakénistrationof
CHIA or CONin 17 overweight/obese females.

P value
between
Measurement CHIA (n=9) CON (n=8) treatment
Week 1 Week 4 Week 8 Week 1 Week 4 Week 8
Body Composition
Body Weight (kg) 84.9+14.0 85.5+14.5 854+ 14.0 79.4+124 79.1+£11.9 79.5+t11.6 0.369
BMI (kg/m”2) 32.1+4.32 324+4.5 32.3+4.18 29.4+3.05 29.3+2.83 29.6+2.71 0.134
Body Fat (%) 41.71 £6.16 41.6 = 6.09 41.2+5.82 39.5+3.63 39.5+3.55 39.4+3.55 0.413
FM (kg) 36.0+10.7 36.3+10.6 35.8+10.3 317797 31.6+7.39 31.6+7.10 0.337
FFM (kg) 48.7+3.83 493 +4.22 49.5 +4.04 47.6+5.18 47.6 +4.89 48.0+5.16 0.517
WC (cm) 90.2 +10.4 90.8 = 12.0 91.4+10.7 90.3+9.16 88.5+10.5 89.2 +8.27 0.761
HC (cm) 114 +=10.1 111 +£9.58 112+7.27 109 £5.73 107 + 8.59 110 = 6.05 0.364
Glucose
FBG (mmol/dL) 86.4 + 6.69 88.0 £6.34 88.0+£6.10 84.81 = 6.96 87.8 £8.39 84.9+7.84 0.602

P value indicates main effect of treatmemnttested variables
Values are mean + SBith significanceunless otherwise indicatetp<0.05.CHIA, chia treatment; CON, control
group;BMI, body mass indexBody Fat percent body fafM, fat mass; FFM, fat free mass/C, waist
circumferenceHC, hip circumference, FBG, fasting blood glucose

Responders versus Nomesponders

No statistical significant differences were found amany variables and thus inddual
changes from week 1 to week 8 were graphed to analyze any individual responses for
weight change, percent body fat, FM, FFM, and FB@&phical analysis did not show

major differences between CHIA and CON groups for any of the variables. However,
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there were a few participants in the CHIA group who had interesting responses. In figure

2, participant #2 showed a decrease in weight from week 1 to week 8. Figure 3 shows

that participant #2' s weight | oss may have
In figure 2, participant #6 increased in weight from week 1 to week 8. Looking at figure

3, participant #6 gained 0.15% of body fat, however, figures 4 and 5 depicts an increase

in FFM and TBW, indicating the probable cause of the increase in weighteFé

depicts the change in FBG from week 1 to week 8. There were two CHIA participants

who had drastic changes. Participant #4 decreased in FBG, however, analyzing their
weight, percent body fat, FM, and FFM chan
explain theprobablecause of the decrease in FB&lditionally, participant #8 had a
drastic increase in FBG from week 1 to wee

that could explain the probable cause of the increase.
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Figure 2: Weight change for each subject from week 1 to we€K®8A are blue bars,
CON are orange bars.
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Figure 6: Fasting blood glucose (FBG) change for each subject from week 1 to week 8.
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CHAPTER 5
DISCUSSION

The goal of this study was to analyze the effects of daily chia seed consumption
on body composition aneBG levels in arapparentlyhealthy overweight/obese female
population between ghages of 18 and 40 yeafis study differs from other study
desigrs in that it used aotherwise healthpverweight/obese population, utilized a high
chia seed dosagand did not incorporate any diet/physical activity
restrictions/interventionsSSimilar studies utilizé¢ much smaller doses of chia seeds and
differed in e administration of the seedsh e current st udOHIAs parti
group consumed 10% of their daily caloric needs from whole chia seeds with a mean
total 0of41.2743.08gof chia seeds every day for 8 weekhis study utilized a high dose
of chiaseeds compared taéinen et al (202) and Jin et 4 who used25g ofwholeand
milled chiaseedsrespectivelywhile in Vuskan et dP 30g/1000kcal of ground chia
seeds wereonsumeethe closest dose to the present studbhile thepresenstudy
asked participants to consume their chia seeds in 100z of plain water before every meal,
in Niemen et &P chia seedsvere consumed in 0.25L of watsvice a dayOther studies
mixed chia seeds witrariousfoods, br example, Toscanet aP® hadparticipants add
chia flour to variousoods (wateryogurt, fruits) throughout the dayhile Vuskan et al.
"%used chia seeds baked into whaleeat bread and ground chia seeds freely sprinkled
onto food.

This study aimed to isolate the consumption of the chia seeds to ensure that
results reflected the effect of the chia seeds and not of additional foosfact
Additionally, participants in this study were freeing and were not asked to make any

dietary or physical activity changes while other studies incorporated caloric restfictions
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and nutrition guidancé’. Furthermore, participants were otherwise healthy
overweight/obese females while many studies utilize an older pop§lfidfand
T2DM participant§ 2
Body Composition

Body composition was not significantly affected by supplementation of daily chia
seeds which resulted in no significant differences betwee@@iandCHIA group,
thusthe results failed to reject ndiliypothess 2 and3. Previous studies have found
similar resultsUtilizing a similar chia seed administrationwater, Niemen et &P did
not have any changes in body masbaay composition after 12 weeks of
supplementationinterestingly, in 2012, Niemen ef4lusing milled and whole chia
seeds at 25g/daad lihitum on foods throughout the daglsofound no significant
changes in body compositievithin or between any treatments, afterd@eks.Jin et
alf® using the same dosageNiemenet al®®®’did not find any significant changes in
body mass after-Wweeks.This is perplexing based abservations during data collection
time points, participants reported feeling very full after ingesting their chia seeamand
some dayseported eating less of their planned meal. Although this was not a significant
finding in the current study, possible explanations exist, although noneoftiee
supported and further studies need to be done to verify them. One possibility could have
been the small sample size (N31Another explanation could have been the
overconsumption of calories. Participants were consuming additional calories through
chia seeds and instead of replacing those calories with chia seeds, they could have been
adding to their overall caloric intakinhibiting them from any form of body composition

changesilt is important to note, however, that results indicate no difference in body
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composition in the CHIA group compared to the CON group, indicating the addition of
calories and fat from chiaseetgyn ot negati vel y d&ffgiree2tt one’ s
Despitethese possibilities§ out of 11 studies have not been able to find any significant

changes in body mass/body composition despite having similar or differing methodology.
Perhaps intervention time must be longer than 12 weeks to see any significans éhange

this are&’.

Fasting Blood Glucose

Daily chia seed ingestiatid not significantlydecrease blood glucose levelteaf
8-weekswhich resulted in no significant differences betweenQ@N andCHIA group,
thusresults failed to reject null hypotheskeand4. Unlike body composition, tew
studies have been successful in decregsasgprandialblood glucose levels witbhia
seedsto a certain extenVuskanet af* and Hoet af® analyzed the trend of postprandial
glycemia after consuming white bread containing either 7or184g of ground or both
ground and whole@ chia seeds. Both studies found a reduction in postprandialngiigce
conpared to their controlshérefore, chia seedsansomehoweffect glucose levels
However the present studgnalyzed=BG levels at three time points af@und no
significant differenced~urthermorea handful of othesupplementation interventions
previausly mentionetf67:6%70.7%|sodid not find any significant changesvarying
forms ofglucose leveldt is still unknownas to why glucose levels remain unchanged
during suppmentation interventions given that chia seeds have a high fiber ¢cament
high fiber supplementation hasen shown to posiely affect glucose level&
Additionally, we theorized thahe ALA levels of chia seeds woutdloduce some effect

on glucose levet§®7%%.70 Given that theparticipantof the current study had mean
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healthy glucose level¢able 2) perhaps &veeks was too short of a time to see any type
of changes.
Responders versus Nomesponders
Analyzing the graphical changes for each participant for weight change, percent body fat,
FM, FFM, TBW, and FBG from week 1 to week 8 was completed. Although patterns for
an increase and decrease in weight were found for two CHIA particijaatdrastic
changes for FBG for two different CHIA participants were not foldekpite not
calculaing statistical significance for responders and-nespondershe graphical
representation of the individual changes reminds us that each participanietadpiuze
chia seeds differently and thus some participants may see clambssme may not.
This is important to keep note of especially when trying to transfer supplementation
studies to the clinical settingvhichvery often take years to translateoitihe clinical
setting for effective patient cdre
Limitations

Several limitations exist in this study. Firgte low number of subjects in the
study(N=17). Statisticalpower for the repeated measures ANOVA was far from the
level of acceptable sample power a@&™®. A priori statistical power calculation required
asample size of 44 participants to reach 95% pokenty females were recruited for the
study, 10 did not qualify; the study began with 27 participants. Due tcaompliance,
lack of responses, aversion to the large dose of chia seeds and one participant with
gastrointestinal issues tghated to the chia segdl9patticipants completed the study but
for analysis 2 were excluded due to incomplete data. Most previous studies have a

slightly larger sample size and found some significant findirf§<° A larger sample
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size, reaching the 95% statistical powsiljzing the samenethodology shoulbe tested
and may resulin significant findings Several pdicipants who withdrew from the study
had an aversion with the large chia seed dogegeentioned in the Chapt8ythe study
initially added20% total daily kcals of chia seeds to the CHIA diet but this dose was not
tolerated well with participants artldus had to be modified. Retention was difficult and
thus resulted in the small sample sikke mean daily amount of chia seeds was
41.27+3.08g andiasbased on adding 10% of their total koaigh chia seedswhile
someother studies did not utilize thisethodology Furthermore, may of the studies
utilized 25g of chia seeds per day. Vuskaral”° utilized 30g/1000kcal/daywhich
addedup to the same amount as thoweverctheywaree nt st
able to finddifferences irweight and waist circumferenead we did nofind a
difference. Theistudydifferedfrom ours in that theytilized T2DM subjects, caloric
restrictions, nutrition counseling, and an intervention of 6 moaiid we only looked at
the addition of chia tthe diet without any interventiollVe choose not to add other
interventions, because too many interventimde it difficult to separate the effect of
the chia seed intervention from the other interventftisird limitation of the study was
recruitingonly collegestudents. This recruitment strategy was used for participant
convenience purposeand because this population is understudiditiough the study
had a good response rate|legestudents on a quarter system are very pissythe most
parthealthy,and thus a reason for some study withdrawals was scheduling and time
commitment conflicts. It would be more reasonableitioer recruithon-students or
emphasize schedule availability in the inclusion critéfiaally, grams of chia seed for

eah participant was calcul ated based upon e
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use of the HarriBenedict equation. The calculated caloric needs were not compared to
dietary recalls for actual calories consumed at baseline. This may have impacted the

results in either providing too much or too little chia seeds based on caloric intake.

Future Research

For future research, it may be beneficial to evaluate the effect of chia seeds on
plasma lipids (cholesterol, triglycerides, etplasma ALA, anglasma glucoseHbAlc,
erythrocyte fatty acid membranesd insulin levels in order to gain a better
understanding of any physiological changes that otayr. Additionally, since the chia
dosage was a challenge for some participants, it would be bahefigary the dosages
and assess any changes. A study having two or more ddsages?, 10%and 15%6)
utilizing the present study’s methodol ogy
changesThe present study show#tk difficulty participanthiave consuming the chia
dose at 20% and 10% total daily kcals. This greatly affected study retention and thus it
would be ideal to test varying doses of chia seeds to aide in study retention and the
degree of chia seed benefits gained at each dose. froottee posfrandial chia seed
studies utilize varying doses of chia seeds and find positive outcomes-fur gudial
glycemia with a dose as low as 7g of chia s&€ds

Lastly, although the intervention time for chia supplementation studies vary,
conducting a new study, with the present s
time should be teste&uture reearch should continue to individualize each participants
chia dose by adding chia seeds to a percentage of their total daily kcals as was done in the
present studyHowever, estimated caloric needs should be erefesenced with actual

caloric intake tansure the chia dose is accurate and will bring about the most effects.
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Additionally, this study isolated the consumption of the chia seeds with only wa#0, 30
minutes before every meavhich is a methodology that has not been used in previous
studies Future studies should use the same methodology as the present study and
improve on its limitations in order to continue to add to the literature in chia seed
supplementation and clarify, if any, health benefits.
Conclusion

This study aimed to analyzeetleffects of chia seeds on an overweight/obese
female populatiomn body composition and blood glucose levels by adding ten percent
of total daily calories with chia seedslo significantdifferencesn body composition and
fastingblood glucose levelaere found between CHIA and CON groups, additionally, no
time differencesvere found within each groupinally, results showed thaidding
additional calories from chia seeds did not have an effect on body composition, despite
the greater intake of caloriasd total fatThe present study utilizedreew chiaseed
dosage and consumption methodology not otherwise used in previous Sthdiesare a
limited number of human supplementation studies with chia seeds, thus future studies are
needed to evaluate their effectr@ducing theobesity epidemior if there areany health

benefitsor risks in chia seed consumption.
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Dear Investigator(s),

The protocol as described above has been reviewed by the Cal Poly Pomona Institutional Review Board (IRB) by
the expedited review method. It was found to be in compliance with applicable federal and state regulations and Cal
Poly Pomona policies regarding the protection of human subjects used in research. Thus, the Cal Poly Pomona IRB
grants you approval to conduct the research. On its behalf, | thank you for your adherence to established policies
meant to ensure the safety and privacy of your study participants. You may wish to keep a copy of this memo with
you while conducting your research project.

You may initiate the project as of Jan 26, 2017, and it must be completed by Jan 26, 2018. Federal regulations limit
the IRB approval of studies for up to one year. If you find the need to renew your protocol, please remember to
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encouraged to contact the IRB.
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Review Board Type: by CPP IRB members (AFTER Oct 16; mods May '17)
Decision Type: Approved

Approval Date: May 22, 2017

Dear Investigator(s).

This message is to inform you that the CPP IRB has d the di /modification request for your
protocol.

The amendment was reviewed by the board type indicated. It was found to be in compliance with applicable federal
and state regulations and Cal Poly Pomona policies regarding the protection of human subjects/participants used in
research. Thus, the Cal Poly Pomona IRB grants you continued approval to conduct the research. On its behalf, |
thank you for your adherence to established policies meant to ensure the safety and privacy of your study
participants. You may wish to keep a copy of this memo with you while conducting your research project.

You may continue the research study as amended as of this date May 22, 2017, and it must be completed by the
original protocol expiration date of Jan 26, 2018. Federal reguiations limit the IRB approval of studies for up 1o one
year. If you find the need to renew your protocol, please remember to submit a request to the IRB at least six (6)
weeks before this end date to ensure continuous human subjects’ protection and IRB approval. It would be
appreciated that you advise the IRB upon the completion of your research invoiving the interaction with human
subjects. Do this by submitting a closure form within the Cayuse system.

Approval is conditional upon your willingness to carry out your responsibiliies as the investigator(s) under University
policy. Your research project must be conducted according to the methods described in the now amended and final
approved protocol. Should there be any changes to your h plan as described, please advise the IRB,
because you may be required to submit an amendment (with re-certification). Additionally, should you as the
investigator or any of your subjects experience any “problems which involve an undescribed element of risk”
(adverse events in regulatory terms), please immediately inform the IRB of the circumstances.

These are additional notes from the Board: .

It is acknowfedged that Dr. Burns-Whitmore is a co-Pl on this study. The review of the di was done by a
member and Bruce of the IRB staff.

The amendment is to adjust downward the quantity of chia seed consumed.
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The Board wishes you d in your o

Sincerely,

A

Bonny Burns-Whitmore MPH DrPH RD
Chair, Institutional Review Board

Prof , Human Nutrition and Food
Huntley College of Agriculture

This has been ) g d by the Cayuse system installed at Cal Poly Pomona by Evisions.
Please contact the IRB office (irb-office@cpp.edu or 909.869.4215 or .3713.) if you have questions or you believe
you have received this message in error. Thanks for your with the i while di human
subjects research. [2/21]
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APPENDIX C

Informed Consent Form

Informed Consent Form

You are being invited to participate in a research study, which the Cal Poly Pomona
Institutional Review Board (IRB) has reviewed and approved for conduct by the
investigators named here. This form is designed to provide -y@s a human
subject/participain - with information about this study. The investigator or his/her
representative will describe this study to you and answer any of your questions. You are
to an Experimental
you have ay questions about your rights as a subject or participant, complaints about the
informed consent process of this reseatclaly orexperience an adverse event (something

entitled

goes wrong) ,

pl ease

cont act

Research

t he

Research

Office of Research at 909.59823. More information is available at the IRB website,
http://www.cpp.edu/~research/irb/index.shtml

Chia Feeding Study

Primary Investigator: Desiree Ver&acultyAdvisor: Dr. Bonny BurndVhitmore, R.D.

CPP IRB protocol # 1488

VOLUNTARY STATUS : You have met the requirements for enroliment as a volunteer

in a research study conducted by the researchers listed above. You are now being invited
to participate inhis study. Before you can make your decision, you will need to know

what the study is about, the possible risks and benefits of being in this study, and what
you will have to do in this study. The research team will discuss with you the details, and
theywill provide you this consent form to read. You may also decide to discuss it with
your family and/or friends. Some of the language may be difficult to understand and if
this is the case, please ask the researcher and/or the research team for amexplfanat

you decide to participate, you will be asked to sign this form. Your participation is
voluntary. You may withdraw any time without penalty and there will be no loss of any
benefits to which you are entitled.

PURPOSE The purpose of this study io examine the effects of chia seed

consumption on body compositidfBG and dietary profile on females with a BMI

greater than 26.

PROCEDURES This study will be an-8veek chia seed intervention study with two

groups ¢hia seed addedl0% of total kcals and a naechia control diet). In the

beginning of the study, you will be assigned to one of two groups, either consuming chia
seeds for eight weeks or not consuming chia seeds for eight weeks. After weeks 4 and 8,
you will be asked to return to theblaratory to conduct the same data collection

procedures as in the beginning of the study.

Week Data Collection | Treatment Location
0 (baseline data Tanita scale for No treatment 2-110
collection) body composition
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analysis; fasting
finger prick for
glucose, 3-day diet
journal, electronic
guestionnaires,
urine sample

1-8

Satiety Chia Seed or 2-110
guestionnaires will | Control
be administered
randomly to assess
satiety in both the
control and
treatment
groups. Distribution
of chia seeds to
the treatment
group will
occur each week.

Week 4

Midpoint data 2-110
collection: Tanita
scale for body
composition
analysis; fasting
finger prick for
glucose, 3-day diet
journal, electronic
guestionnaires,
urine sample

Tanita scale for 2-110
body composition
analysis; fasting
finger prick for
glucose, 3-day diet
journal, electronic
guestionnaires,
urine sample

The following is a detailed description of each method of data collection.

1. After signing the consent form, you will be asked to fill out a breslth-
screening and qualification questionnaire.

Examples of questions will be: Are you currently suffering from or
have you ever been diagnosed with a chronic disease (heart attack,
cancer, diabetes, renal failure, asthma)? Do you eat chia seeds on a
regular basis? How much chia seeds do you add to your food?

For important safety reasons, you will be asked to answer each and
every question on the healslsreening questionnaire prior to
qualification for the study; especially the seatlergy and

medicaion log.
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2. You will be educated / instructed about the background diet and exercise plan that
you must maintain for the duration of the study, by a registered dietitian. The
background diet / habitual diet is your normal diet, but free from any food that has
high level of omega fatty acid like walnuts, pistachios, chia seeds, flax seeds,
omega3 enriched eggs, fish oil, or any omeg)éatty acid, or fiber supplements.

This instruction will require you to meet with the study personnel a total of 10 study
Visits.
3. This study is composed of two distinct experimental treatments (eight weeks total):
i. The chia seedree diet, in which you must maintain just the
background diet.

ii. The chia seeddded diet, in which you must consume 10% of your
calories of chia seedsmpaay in addition to the background diet.

iii. We will ask that you meet with the study personnel every week
during the chia seed treatment to pick up your weekly allotment of
seeds. You will also may be randomly asked to compl8ettiety
guestionnaire¢o asgss satiety.

4. Before you begin the-&eek experimental phase, you will complete aaeek
Al eeandd period in which the background di e
you to complete a-8ay food record.

5. Your body compositionwill be measured at the haging and end of each distinct
treatment using a Tanita brand {mopedance analyzer. The body composition
measurements will require you to remove your shoesacks andgtand on a
platform while the machine analyzes body composition. The analysiskell
approximately 510 minutes. This measurement will be taken twice during each
treatment.

. Your blood pressurewill be measured at these same intervals using an Omicron blood
pressure cuff. You will be asked to sit down for 15 minutes before we canm@easir

blood pressure. The blood pressure measurement will require you to allow us to measure
your blood pressure with a wrist cuff that will expand and then deflate, revealing your
blood pressure and heart rate. You will be asked to sit down and havielgod

pressure measured using a blood pressure cuff around your left wrist. This process will
take about 120 minutes. This measurement will be taken twice during each treatment.

. At three random points during each of the diet period you will be d@ekdtout a 3-day
food record. You do not need to be @ite to complete this task.

. You will be asked t@ate your hunger using a validated rating scale- 10) and
guestionnaire next to each snack or meal on your three requiteégl f8od records. You
can turn in3-dayfood record and questionnaire at the next nutrition lab visit.

. Your waist circumferencewill be measured using a flexible measuring tape between the
middle of the bottom rib (close to your belly button) and iliac crest (top of the higy) bo
and recorded to the nearest 0.1 ehp circumference will be measured using a flexible
measuring tape around the largest part of the hips (i.e. buttocks) and recorded to the
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10.

11.

12.

nearest 0.1 cm. It will take no longer than 5 minutes to do both measuremiests
measurement will be taken twice during each treatment.

Your height will be measured using a stadiometer and recorded to the nearest 0.1 cm.
This will take no longer than 5 minutes and will only be done once at the beginning of the
study

Body Serotonn Levels: You will be asked to provida urine sample at 0, 4, and 8

weeks of the chia study. The urine sample will only be used to analyze body serotonin
levels. Collection starts at baseline on the day of the fingerpick test. The sample is a
single void sample, collected into a sample cupipiex on site.

You will be asked to complete an electronic survey that contains multiple questionnaires
that include questions pertaining to: pain, mood, sleep quality, and physical activity.
These questionnaires will be distributed weeks 0, 4, and 8.

Please review the following Inclusion Criteria:

INCLUSION CRITERIA

You are qualified to participate in this study if you:

- are a female.

- are between the ages of 18 and 45.

- are not averse to consuming chia seeds on a regular basis (at lesstks)

- have not taken any medication for any chronic disease (heart, diabetes, cancer) for
twelve

weeks.

- have not taken any steroid or hormone medication in the last eight weeks.

- are free of any other chronic diseases.

- do not consume excess amauat nuts and seedsdo not consume alcohol on a
regular basis.

- are not currently on a diet plan.

- are not pregnant or plan to become pregnant.

Do you meet all the criteria listed above? YES NO

Please review the following Ebusion Criteria:

EXCLUSION CRITERIA

You are NOT qualified to participate in this study if you:

- are a child, teenager, woman, or male younger than 18 or older than 45.
- eat large quantities of chia seeds on a regular basis.

- are taking any steroid t'ormone medication (other than birth control piligire taking
laxatives or fiber containing supplements on a regular basis.

- are pregnant or become pregnant.

- are diagnosed with any chronic diseases.

- are currently on a diet plan.

- have a known adirgy to seeds.

- consume excess amounts of seeds or nuts.
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- consume alcohol on a regular basis.

- have a pacemaker or metal pins or plates in the body
- have a compromised immune system

-have any blood disorders

Do you meet any of the criteria listechbove? YES NO

This study will be conducted from the Cal Poly Pomona campus. You will be required to
come to campus each week (place to be determined as per your schedule) to pick up your
allotment of chia seeds.

COMMITMENT AND C OMPENSATION : Your total participation in the study will
take 10 weeks with threehoursessions. You will not receive financial compensation
for participation in the study, however, you will receive your results to review with your
primary physician atte completion of the research study.

POSSIBLE RISKS: You may experience mild gastrointestinal discomfort such as
belatednessr flatulence, when consuming the amount of dietary fiber from chia seeds
that account for 10% of your daily calories for a pemd eight weeks. You may not

know whether you have allergic reaction to consuming chia seeds prior to the study.
Some possible symptoms of an allergic reaction or intolerance include: scratchy throat,
difficulty breathing and/or swallowing, skin rash, tvkd vision, persistent diarrhea,
vomiting, and excessive gastrointestinal discomfort. There may be a potential risk for
personal identification, as you will provide demographic information such as age, height
and weight. We will ensure maintaining confidiality during the study by assigning you

an study identification number. You may feel inconvenience during the course of the
study, as you will have to check in with Pls once every week during the treatment
periods. Feel free to discuss potential scheedohflicts or concerns with Pls. You may
experience some discomfort during the finger prick process and may have slight bruising
at the area of the finger prick. The research team will try to minimize any of these
discomforts.

If you experience any ohe abovementioned symptoms, intolerances, stress or
discomfort in connection with this study, please do not hesitate to get in touch with the
Principal Investigators Desiree Vera at (909)-74275, Dr. BurndVhitmore, R.D. at

(909) 8693793, or your physian to discuss options.

If more severe and or intolerable symptoms are experienced, please contact your
physician, and/or the emergency room at the nearest hospital, or 911. Afterwards, please
contact the study personnel (Desiree Vera or Dr. BWhgmore) to report an adverse

effect. All cost and time associated with a reaction to the chia or blood draws, or any
necessary medical tests, transportation, expenses, etc. are the sole responsibility of the
study participant and the participant should stlyprgnsider having insurance to pay for
such care. If your blood values are found to be not within the normal range, we will ask
you to have the values-ohecked with your physician.
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It is possible that you might experience a weight gain, however, aanwhpublished
scientific studies show that adding 10% of your required calories in the form of seeds will
not cause significant weight gain.

POSSIBLE BENEFITS: You will receive chia seeds for six weeks (whether you are on
the chia seeds group or notowill be able to understand and apply current Dietary
Guideline for Americans for healthier food choices and lifestyle. You will not receive any
type of monetary compensation. You will also have access to the results of your blood
test, body compositioas well as other measurements once the entire study has been
completed.

PARTICIPATION IN THE STUDY: Your participation in this study is voluntary, and
declining to participate will involve no penalty or loss of benefits to which you are
otherwise entitledand you may discontinue participation at any time without penalty.

COMPENSATION FOR INJURY: There will be no compensation for lost wages, lost
time, allergic reactions, adverse reactions, or pain. Payment for care resulting from
adverse reactions is tkele responsibility of the participant and they should consider
having medical insurance to pay for such care. If your test results are abnormal, you may
need followup medical evaluation and treatment. Payment for care resulting from
abnormal test resudltis the sole responsibility of the participant and you should consider
having medical insurance to pay for such care.

CONFIDENTIALITY : The investigator and staff involved with the study will not

reveal the personal information which they collect about y&ny information that is
obtained in connection with this stueyand that can be identified with yeuwill

remain private and will be disclosed only with your permission or as required by law.
Your identity will be kept strictly confidential by reming your name and all identifiers.

Do be aware, that the results, in either an anonymous or a summarized format, will likely
be published or presented at conferences.

STATEMENT OF CONSENT: | claim that | am 18 years or older and | consent to
participate in the study. | understand that my participation in this study is entirely
voluntary and that | may refuse to participate or withdraw from the study at any time
without penalty. | have received a copy of this consent form for my records.

Printed name of participant Signature Date

Signature of primary investigator Date:

IDENTIFICATION OF INVESTIGATORS
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If you have any questions or concerns about the research, please feel free to contact the
following individuals:

Desiree L. Vera, (909) 762075,dlvera@cpp.edu
Dr. Bonny BurnsWhitmore, R.D., Ph.D., (909) 863793,bburnswhitmo@cpp.edu

EXPERI MENTAL SUBJECTOS iBIERDICAL RESEARCKEHT S

California Assembly Bill 1752: Human Experimentation, which became effective
January 1, 1979, provides that all investigators doing a "medical experiment" must offer
their subjects a copy of the "Experiment al
"medical experiment" is defined in the bill as:

"The severance or penetration or damaging of tissues of a human subject, or

the use of a drug or device as defined in section 26009 or 26010 (of the Health

and Safety Code), electromagnetic radiation, heatcold, or a biological

substance or organism, in or upon a human subject in the practice or research

of medicine in a manner not reasonably related to maintaining or improving

the health of such subject or otherwise directly benefiting such subject.”

Any person who is requested to consent to participate as a subject in a research study
involving a medical experiment, or who is requested to consent on behalf of another, has
the right to:

[J Be informed of the nature and purpose of the experiment.

[J Be givenan explanation of the procedures to be followed in the medical

experiment, and any drug or device to be used.

1 Be given a description of any attendant discomforts and risks reasonably to be

expected from the experiment, if applicable.

[J Be given an explanatioof any benefits to the subject reasonably to be expected

from the experiment, if applicable.

[ Be given a disclosure of any appropriate alternative procedures, drugs, or devices

that might be advantageous to the subject, and their relative risks andsbenefi

[J Be informed of the avenues of medical treatment, if any, available to the subject

after the experiment if complications should arise.

[J Be given an opportunity to ask any questions concerning the experiment or other

procedures involved.

] Be instructed thtaconsent to participate in the medical experiment may be
withdrawn at any time, and the subject may discontinue participation in the
medical experiment without prejudice.

Be given a copy of a signed and dated written consent form when one is required.

1 Begiven the opportunity to decide to consent or not to consent to a medical
experiment without the intervention of any element of force, fraud, deceit, duress,
coercion, or undue i nfluence on the sub

|
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APPENDIX D
Study Recruitment Flyer

PARTICIPANTS NEEDED

FORA

CHIA SEED STUDY

We are looking for FEMALE volunteers who:

* are 18-45 years of age

* BMI greater than 26*

* Interested in consuming chia seeds for 8
weeks

What will you be asked to do?
Some things include:
* Consuming specific amount of chia seeds
every day for 8 weeks.
* Measurement of body composition, waist
and hip circumference, blood pressure and

satiety.
* Filling out a 3-day food record and rate
* Don't know your your satiety levels at three random points
BMI? Contactone ofus  quring each study period.

and we'll calculate it

for you!
Interested in participating?
Please contact:

Desiree Vera  dlvera@cpp.edu, (909) 762-4075
Michelle Chon machon@cpp.edu

Approved by Cal Poly Pomona Institutional
Review Board under protocol # 16-188
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There will be some days that you will accidentally eat a food that is restricted during the
treatments. Please use the form to document those accidents.

APPENDIX E
Unusual Diet Diary Form

Also there will be days when you are not eating normallyoorhave had to take certain
medications. Please list those in the next table.

Example:
Diet: Chia Treatment
Food
What kind How did it
How much? | of food? Date Time |Where | Activity | happen?
1 cookie and Chocolate Cg/v;/(:gk;re
about ¥2 . : 0-31- 3:25 , Working 9 f
chip cookies Office then | found
teaspoon of , . 2003 p.m. on report . ,
! with chia out it had chia
chia seeds o
In It
Example:
Diet: No Chia Treatment
Describe diet or
Medication lliness Date Time appetite changes”
Amoxicillin Respiratory | 12-20-2012 8am., Stomach upset.
o , . noon,
(Antibiotic) infection 6pm Ate soup all day
Aspirin Headache |1221-2012 |10am | Septallday
didn't e
12-20-2012 8 am
Amoxicillin Respiratory |to 12-30- noc;n " No diet changes
(Antibiotic) infection 2012 6om ' after 1221-2012
(10 days) b
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Diet: Chia Treatment

Food

How How did it
much? What Kind? | Date Time Where | Activity | happen?
Diet: Chia Treatment
Describe diet or
Medication lliness Date Time appetite changes
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Diet: NO Chia Treatment

Food
How How did it
much? What Kind? | Date Time | Where |Activity happen?
Diet: NO Chia Treatment
Describe diet or
Medication lliness Date Time appetite changes
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APPENDIX F
Publishable Journal Article

TheEffect of Chia Seed Supplementation on Body Composition and Blood Glucose in
Overweight/Obese Females

Desiree L. Verg Bonny BurnswWhitmore', Marcus L. Elarh Edward J& Golandum
Khayef
California State Polytechnic University, Pomona
Department of Huan Nutrition & Food ScienéeDepartment of Kinesiology & Health
Promotiort

Abstract
Background: Omega fatty acids as a supplement in the diet, has been studied and linked
to forms of weight loss, glycemic control, and cardiovascular benefits. Chia seeds are
high in omegéB fatty acids and only a few researchers have investigated ¢adiin h
benefits. Few human subject supplementation studies have been completed utilizing chia
seeds and the findings are conflicting as to the significant health benefits of chia seeds in
overweight/obese persons. Objectives: to determine the effect afoi@ldaily kcals of
chia seeds supplementation on body composition and fasting blood glucose levels in
overweight/obese females in aam@ek intervention. Methods: Seventeen participants
were assigned to either the chia group or the control group. Tagrhip was supplied
10% of their total daily kcals in chia seeds and consumed them with 100z. of water
before each meal, and the control group was instructed to consume 100z of water before
each meal. Body composition (weight, BMI, waits circumferenae) ahd fasting blood
glucose was collected for each participant at thirae points: week 1, 4, 8. Statistical
significance was determined with a 2 (condition) x 3 (time) mixed analysis of variance
(ANOVA) for each dependent variable. Results: Theremeasignificant treatment by
time interaction for all dependent variables (weight, BMI, body fat, fat mass, fat free
mass, waist circumference, hip circumference, fasting blood glucose), and there was no
significant main effect or interaction for all deplemt variables. Conclusion: ARveek
supplementation of chia seeds at 10% of total calon@s no significant effect on body
composition in overweight/obese females.
Introduction

Obesity has been of great concern for the past few decades in the Stattes]
(U.S.) and other countries. In the U.S., approximately 70% of communities rank obesity
as a leading issue in their afe®ue to the obesity issue, public health leans towards
obesity prevation through education and intervention and positive outcomes have
resulted?. According to the World Health Organization(WH)eing overweight and
obese is killing more people than being underweight. Obesity increasesktfe the
development of type 2 diabetes, heart disease, some forms of cancer, dementia, and many
other health concerhs

Several health organizations such as the American Heart Association and WHO
recommend maintaining an active physical life, achieving a healthy weight, increasing
fruits, vegetables, and whole grain consumption, and most notably, elimitratiséats,
decreasing saturated fats and increasing unsaturated fat consGntrigaturated fats
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include monounsaturated and polyunsaturated fatty acids (PUFAS). PUFAs consist of
omega3 and omeg® fatty acids (FAs) but omegaFAs have been of great interest.
Studies have found that incorporating more o&@gA rich foods may aide in weight
loss 8 improve plasma lipid levels® insulin resistancé!? and decrease
inflammatiort>*4 All of those factors are considered attributes of being
overweight/obese. Foods that are rich in or&dr@As include coldvater fdty fish
(salmon), nuts, such as walnuts, and some Seddere have been many studies
analyzing the effect of coldiater fatty fish and walnut&and their health benefits,
however, there are only a few studies analyzing chia seeds. Chia seeds are also very high
in omega3 FA. One ounce of chia seeds contains 5g of or3dga with 4.6g of protein
and 9.8g of fiber. Despite their high omeg&FA content, research with chia seeds is
limited. Thereforethe purpose of this study was tetermine the effect of-@&eek chia
seed supplementation on fasting blood glucose (FBG) levels and body composition in an
overweight/obese female population.
Methods

Thirty-nine overweight and obese females between the ages of 18 and 45 years
old were recrited from CPP campus using flyers (Appendix D), emails, and word of
mouth from May 201-0anuary 2018 and 17 subjects were included in the statistical
analysis (N=17). This study was approved by the California State Polytechnic University,
Pomona (CPP) Ingtitional Review Board (IRB Protocol# 1188).
Experimental Design

This study was an-&eek intervention pilot study and 17 greenopausal
overweight and obese females completed the study (N=17). Participants were placed into
either the chia interventiagroup (CHIA) or the control group (CON) (no chia seed
consumption). Baseline data (week 1) included body composition measurements (weight,
height, waist circumference, etc.), and fasting glucose levels, the same data was collected
at weeks 4 and 8.
Chia Sed Supplementation

Caloric intake for each participant placed into the CHIA intervention group was
calculated by using the HarBenedict equation multiplied by the activity factor of 1.2,
1.375, 1.55 depending on e arcthe inforanationn ci pant ’
provided on the initial screening form. Te
intake was added with chia seeds supplied by Salba Smart Natural Products, LLC
(Colorado, USA). According to Salba Smart Natural Products, LLC, i5glba chia
seeds contained 70kcal, 59 of fat, 5g of dietary fiber, and 3,402mg of ALA. All chia
seeds were measured and packaged for each participant according to their calculated
amount . Each chia bag was | abetioemumbeitc h eac
ensure confidentiality. Participants were asked to consume their desired amount of chia
seeds 310 minutes before every meal in 100z of plain water. Participants were asked to
maintain their habitual exercise routine and dietary intakmarticipants consumed any
prohibited food during the study periods, they were asked to complete an Unusual
Dietary Form. Participants placed into the CON group were asked to consume 100z of
plain water 3840 minutes before every meal for the duration efgtudy. Nutrition
education or counseling was not provided to any of the participants.
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Data Collection and Measurements

Data collection occurred week 1, week 4, and week 8 of the study and was
conducted at CPP in the morning hours between 7:00am ab@ di®x. Participants were
instructed to fast for 12 hours prior to each data collection and each data collection
session lasted approximately 25 minutes. Data was collected in the following order:
height, body composition, waist and hip measurements, aéd KBmeasurements
were taken in duplicate. During the first data collection only, height was the first variable
measured. Participants were asked to remove their shoes and stand against a stadiometer
(Seca 213 Portable Stadiometer, Hamburg, and Deutsthlath their heels touching
the base of the stadiometer with their chin parallel to the floor. Height was recorded in
centimeters.

Body composition was measured using a Tanita Bioelectrical Impedance
Analyzer (BIA) (Tanita TBF310 S, Tokyo, Japan). Beeomeasurement was taken,
participants were given 8oz. of water to drink to limit total body water variations.
Participant information (age, height, athlete or-atimete) was entered into the Tanita
BIA prior to measurements. Participants were instrutdedmove their shoes and socks
and stand on the indicated metal plates on the Tanita BIA. Participants remained on the
scale without movement until the Tanita BIA monitor indicated that the measurement
was complete. Measurements were conducted in digpkeal equipment accuracy was
verified by checking for no statistical significant difference between first and second
reading using a twiailed, paired Ttest.

Waist and Hip measurements were taken at each data collection point using a tape
measure (Prym@onsumer, Spartanburg, SC). Participants were asked to remove any
large items of clothing (jackets, sweatshirts) before measurement. Waist circumference
was measured at the midpoint between the lower margin of the last palpable rib and the
top of the ilia crest. Hip circumference was taken around the widest portion of the
gluteals. Both measurements were taken in duplicate.

Fasting Blood Glucose (FBG) was measured using a Freestyle Freedom Lite
meter kit (Abbot Diabetes Care Inc., Alameda, Ca). Partitigas f i nger was c|
using an alcohol wipe and then a@&uge lancet (Abbot Diabetes Care Inc., Alameda,

Ca) was used to prick the finger. A drop of blood was placed on the test strip of the
glucometer and the blood glucose was measured. Blood glueasairaments were
performed in duplicate.

Statistical Analysis

All data was tested using the statistical software SPSS 20.0 for Windows (SPSS,
Chicago, Il L, USA) and s i gtaledfindepandentdestwa s s et
was used to compare CHIA and CON at baseline. A 2 (condition) x 3 (time) mixed
analysis ofvariance (ANOVA) was used to analyze mean differences for each dependent
variable (BMI, weight, Fat, FM, FFM, waist, hip, and glucose levels). In the event of a
significant main effect or interaction, a follewp test was conducted for pairwise
comparisos.

Results
Descriptive Measures
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Current study statistical analysis included 17 participants (N=17) with a mean age
of 22.82+3.66 years, BMI 30.85 * 3.93kg/m2, and fasting plasma glucose level of 85.66
+ 6.65mmlo/dL at baseline. A twailed, independent-test showed no significant
differences at baseline between groups, however, age approached significance with a p
value of 0.07 (Table 3). CHIA group consun#d27+3.08g/day for-8veeks.
Table5: Baseline participant descriptivésSD)of CHIA and CON groups.

Measurement CHIA (n=9) CON (n=8) ol
value
Age (yrs.) 243 +4.21 21.1+2.03 0.069
Weight (kg) 84.9+ 14.0 79.4+12.42  0.407
BMI (kg/m?2) 32.2+4.32 29.4+3.05 0.149
Body Fat (%) 41.7+6.16 39.5+3.63 0.396
FM (kg) 36.0+10.72 31.7+7.77 0.368
FFM (kg) 48.74 £ 3.83 47.63 +5.18 0.617
WC (cm) 90.2 +10.39 90.3+9.16 0.995
HC (cm) 113.8 £ 10.08 109.2+5.73  0.275
fnlfgol/dL) 86.4 + 6.69 84.8 £ 6.96 0.635

Research Findings

There were no outliers, as assessed by boxplot. The data was normally distributed,
as assessed by Shapwalk's test of normality (p>0.05). There was homogeneity of
variances (p>0.05) and covariances (p>0.05), as assessed by Levene's test of
homogeneity bvariances. Mauchly's test of sphericity indicated that the assumption of
sphericity was met for the twway interaction for FFM (x2(2) =2.763, p=0.251), waist
(x2(2) =2.028, p=0.363), and hips (x2(2) =0.266, p=0.875). Mauchly's test of sphericity
indicaied that the assumption of sphericity was violated for theviawp interaction for
weight (x2(2)=11.188, p=0.004), BMI (x2(2)=6.367, p=0.041), fat (x2(2)=6.401,
p=0.041), FM (x2(2)=18.379, p=0.000), and glucose (x2(2)=5.485, p=0.064) and thus the
Greenhousé&eisser test was analyzed for these variafles.results of the repeated
measures ANOVAhowed no statistically significant (p>0.05) treatment by time
interaction for all dependent variables (weight, BMI, body fat, FM, WC, HC, and FBG)
(table 4). Additonally, no statistically significant (p>0.05) main effect for group was
found for all dependent variables.
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Table6: Mean (xSD) changes in outcome measures after 8 weeks administration of
CHIA or CON in 17 overweight/obese females.

P value
between
Measurement CHIA (n=9) CON (n=8) treatment
Week 1 Week 4 Week 8 Week 1 Week 4 Week 8
Body Composition
Body Weight (kg) 84.9+14.0 85.5+14.5 85.4+14.0 79.4+12.4 79.1+11.9 79.5+11.6 0.369
BMI (kg/m”2) 32.1+4.32 324+45 32.3+4.18 29.4 +3.05 29.3+2.83 29.6+2.71 0.134
Body Fat (%) 41.71 £6.16 41.6 +6.09 41.2+5.82 39.5+3.63 39.5+3.55 39.4+3.55 0.413
FM (kg) 36.0+10.7 36.3+10.6 35.8+10.3 31.7+7.77 31.6+7.39 31.6+7.10 0.337
FFM (kg) 48.7+3.83 493 +422 49.5 +4.04 47.6 +5.18 47.6 +4.89 48.0+5.16 0.517
WC (cm) 90.2 +10.4 90.8 = 12.0 91.4+10.7 90.3+9.16 88.5+10.5 89.2 +8.27 0.761
HC (cm) 114+ 10.1 111 +9.58 112727 109 +5.73 107 = 8.59 110 = 6.05 0.364
Glucose
FBG (mmol/dL) 86.4 + 6.69 88.0 +£6.34 88.0+6.10 84.81 = 6.96 87.8+8.39 84.9+7.84 0.602

Discussion

The goal of this study was to analyze the effects of daily chia seed consumption
on body composition and FBG levels in an apparently healthy, overweight/obese female
population between the ages of 18 and 40 years. This study differs franstoiiye
designs in that it used an otherwise healthy overweight/obese population, utilized a high
chia seed dosage, and did not incorporate any diet/physical activity
restrictions/interventions. Similar studies utilized much smaller doses of chia seeds and
di ffered in the administration of the seed
group consumed 10% of their daily caloric needs from whole chia seeds with a mean
total of 41.27+3.08g of chia seeds every day for 8 weeks. This study utilizel dosig
of chia seeds compared to Niemen et al (2012) and Jiff etrad used 25g of whole and
milled chia seeds, respectiyewhile in Vuskan et &P 30g/1000kcal of ground chia
seeds were consumdlake closest dose to the present study. While the present study
asked participants to consume their chia seeds in 100z of plain water before every meal,
in Niemen et &P chia seeds were consumed in 0.25L of water twice a day. Other studies
mixed chia seeds with various foods, for examptescano et &t had participants add
chia flour to various foods (water, yogurt, fruits) throughout the day while Vietkaln
¥used chia seeds baked into whaleeat bread and ground chia seeds freely sprinkled
onto food.

This study aimed to isolate the consumption of the chia seeds to ensure that
results reflected the effect of the chia seeds and not of@difood factors.
Additionally, participants in this study were free@ng and were not asked to make any
dietary or physical activity changes while other studies incorporated caloric restffctions
and nutrition guidané& Furthermore, participants were otherwise healthy
overweight/obese females while many studies utilize an older popdfeidtand
T2DM participant$®22
Body Composition

Body composition was not signitiatly affected by supplementation of daily chia
seeds which resulted in no significant differences between the CON and CHIA group
Previous studies have found similar results. Utilizing a similar chia seed administration in
water, Niemen et 4l did not have any changes in body mass or body composition after
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12 weeks of supplementation. Interestingly, in 2012, Niemert®etiaing milled and

whole chia seeds at 25g/day ad libitum on foods throughout the day, also found no
significant changes in body composition within or between any treatments, after 10
weeks. Jin et & using the same dosage as Niemen &ZHid not find any significant
changes in body mass aftewéeks. This is perplexing based on observations during data
collection time points, participants reported feeling very full after ingesting their chia
seeds and on sondays reported eating less of their planned meal. Although this was not
a significant finding in the current study, possible explanations exist, although none of
them are supported and further studies need to be done to verify them. One possibility
could hae been the small sample size (N=17). Another explanation could have been the
overconsumption of calories. Participants were consuming additional calories through
chia seeds and instead of replacing those calories with chia seeds, they could have been
adding to their overall caloric intake, inhibiting them from any form of body composition
changes. It is important to note, however, that results indicate no difference in body
composition in the CHIA group compared to the CON group, indicating the addition of
calories and fat from chia seeds may not
Despite these possibilities, 8 out of 11 studies have not been able to find any significant
changes in body mass/body composition despite having similar or differthgaoéogy.
Perhaps intervention time must be longer than 12 weeks to see any significant changes in
this ared.

FastingBlood Glucose

Daily chia seed ingestion did not significantly decrease blood glucose levels after
8-weeks which resulted in no significant differences between the CON and CHIA group.
Unlike body composition, a few studies have been successful in decrpastipoandial
blood glucose levels with chia seeds, to a certain extent. Vuska&f andHo et &P
analyzed thérend of postprandial glycemia after consuming white bread containing
either 7, 15, or 24g of groufftbr both ground and whdtechia seeds. Both studies
found a reduction in postprandial glycemia compared to their controls, therefore, chia
seeds can somehow effect glucose levels. However, the present study analyzed FBG
levels at three time points and found no sigatficdifferences. Furthermore, a handful of
other supplementation interventions previously mentibhed®2%also did not find any
significant changes in varying forms dtigose levels. It is still unknown as to why
glucose levels remain unchanged during supplementation interventions given that chia
seeds have a high fiber content, and high fiber supplementation has been shown to
positively affect glucose levels Additionally, we theorized that the ALA levels of chia
seeds would produce some effect on glucose fE\&+28 Given that the participants of
the current study had mean healthy glucose levels (table 2), perisgek8 was too
short of a time to see any type of changes.

Conclusion

This study aimed to analyze the effects of d@ads on an overweight/obese
female population on body composition and blood glucose levels by adding ten percent
of total daily calories with chia seeds. No significant differences in body composition and
fasting blood glucose levels were found betweetACand CON groups, additionally, no
time differences were found within each group. Finally, results showed that adding
additional calories from chia seeds did not have an effect on body composition, despite
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the greater intake of calories and total Tdte present study utilized a new chia seed

dosage and consumption methodology not otherwise used in previous studies. There are a
limited number of human supplementation studies with chia seeds, thus future studies are
needed to evaluate their effect on reidg the obesity epidemic or if there are any health
benefits or risks in chia seed consumption.
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