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ABSTRACT  

 

 Omega-3 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 omega-3 fatty acids and only a few researchers have investigated 

their health 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. This thesis study aimed 

to examine the effects of 8-week chia seed supplementation in an otherwise 

healthy overweight/obese female population. Seventeen participants were assigned 

to either the chia group or the control group. The chia group was supplied 10% of 

their total daily kcals in chia seeds and consumed them with 10oz. of water before 

each meal, and the control group was instructed to consume 10oz of water before 

each meal. Body composition (weight, BMI, waits circumference, etc.) and fasting 

blood glucose was collected for each participant at three-time points: week 1, 4, 8.  

Statistical signifi cance was determined with a 2 (condition) 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, waist circumference, hip circumference, fasting blood glucose), and there was no 

significant main effect or interaction for all dependent variables. Our study showed that 

daily supplementation of chia seeds at 10% of calories- had no significant effect on body 

composition in overweight/obese females.   

 

 



v 

 

 

 

TABLE OF CONTENTS 

  

  

  

  

SIGNATURE PAGE ........................................................................................................... ii  

ACKNOWLEDGEMENTS ............................................................................................... iii  

ABSTRACT ....................................................................................................................... iv 

LIST OF TABLES ............................................................................................................ vii  

LIST OF FIGURES ......................................................................................................... viii  

CHAPTER 1 ....................................................................................................................... 1 

INTRODUCTION .......................................................................................................... 1 

Statement of the Problem ............................................................................................ 1 

Justification ................................................................................................................. 3 

Objectives ................................................................................................................... 3 

Hypotheses .................................................................................................................. 3 

Research Hypotheses .................................................................................................. 4 

CHAPTER 2 ....................................................................................................................... 5 

LITERATURE REVIEW ............................................................................................... 5 

Omega-3 Polyunsaturated Fatty Acids ....................................................................... 5 

Omega-3 PUFAs and Body Composition ................................................................... 5 

Omega-3 PUFA and Glucose ...................................................................................... 7 

Chia Seeds and Omega-3 PUFAs ............................................................................... 8 

Chia Seeds and Body Composition............................................................................. 9 

Chia Seeds and Glucose ............................................................................................ 12 

CHAPTER 3 ..................................................................................................................... 20 

METHODS ................................................................................................................... 20 

Participants ................................................................................................................ 20 

Inclusion Criteria ...................................................................................................... 20 

Exclusion Criteria ..................................................................................................... 20 

Experimental Design ................................................................................................. 21 

Chia Seed Supplementation ...................................................................................... 21 

Data Collection and Measurements .......................................................................... 22 

Statistical Analysis .................................................................................................... 24 



vi 

 

CHAPTER 4 ..................................................................................................................... 25 

RESULTS ..................................................................................................................... 25 

Descriptive Measures ................................................................................................ 25 

Research Findings ..................................................................................................... 25 

CHAPTER 5 ..................................................................................................................... 31 

DISCUSSION ............................................................................................................... 31 

Body Composition .................................................................................................... 32 

Fasting Blood Glucose .............................................................................................. 33 

Limitations ................................................................................................................ 34 

Future Research ........................................................................................................ 36 

References ......................................................................................................................... 38 

APPENDIX A ................................................................................................................... 45 

Institutional Review Board Approval Letter ................................................................. 45 

APPENDIX B ................................................................................................................... 47 

IRB Amendment Approval ........................................................................................... 47 

APPENDIX C ................................................................................................................... 49 

Informed Consent Form ................................................................................................ 49 

APPENDIX D ................................................................................................................... 56 

Study Recruitment Flyer ............................................................................................... 56 

APPENDIX E ................................................................................................................... 57 

Unusual Diet Diary Form.............................................................................................. 57 

APPENDIX F.................................................................................................................... 60 

Publishable Journal Article ........................................................................................... 60 

Body Composition .................................................................................................... 64 

Fasting Blood Glucose .............................................................................................. 65 

 

  



vii  

 

LIST OF TABLES  

 

 

Table 1: Nutritional characteristics of 1oz walnuts65 and chia seeds31 (USDA) ................ 9 

Table 2: Literature review of chia seed supplementation studies assessing body 

composition and glucose levels. ....................................................................................... 14 

Table 3: Baseline participant descriptives (±SD) of CHIA and CON groups. ................. 25 

Table 4: Mean (±SD) changes in outcome measures after 8 weeks administration of 

CHIA or CON in 17 overweight/obese females. .............................................................. 26 

Table 5: Baseline participant descriptives (±SD) of CHIA and CON groups. ................. 63 

Table 6: Mean (±SD) changes in outcome measures after 8 weeks administration of 

CHIA or CON in 17 overweight/obese females. ............................................................... 64 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



viii  

 

LIST OF FIGURES 

 

Figure 1:Study overview flow map. .................................................................................. 21 

Figure 2: Weight change for each subject from week 1 to week 8. CHIA are blue bars, 

CON are orange bars. ........................................................................................................ 27 

Figure 3:Body fat change for each subject from week 1 to week 8. CHIA are blue bars, 

CON are orange bars. ........................................................................................................ 28 

Figure 4: Fat free mass (FFM) change for each subject from week 1 to week 8. CHIA are 

blue bars, CON are orange bars. ....................................................................................... 28 

Figure 5: Total body water (TBW) change for each subject from week 1 to week 8. CHIA 

are blue bars, CON are orange bars. ................................................................................. 29 

Figure 6: Fasting blood glucose (FBG) change for each subject from week 1 to week 8. 30 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1 

 

CHAPTER 1 

INTRODUCTION 
 

Statement of the Problem 

 

Obesity has been of great concern for the past few decades 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 area 1. More than one in three adults and one in six children 

(ages 2-19) are obese and one in 11 young children (ages 2-5) are obese2. Due to the 

obesity issue, public health leans towards obesity prevention through education and 

intervention and positive outcomes have resulted3,4. After decades of the increasing 

obesity rate, the increasing rate has begun to stabilize in children and slow in adults5. 

Despite this, obesity is still a global epidemic. According to the World Health 

Organization(WHO)6, being overweight and obese is killing more people than being 

underweight. Obesity increases the risk for the development of type 2 diabetes, heart 

disease, some forms of cancer, dementia, and many other health concerns5.  

A person is said to be overweight with a body mass index (BMI) between 25 

kg/m2/m - 29.9 kg/m2 and a BMI greater than 30 kg/m2 indicates obesity6.The underlying 

danger with being overweight/obese are the long-term effects and physiological 

disruptions that may arise. Being overweight/obese stems from an excess amount of fat or 

adipose tissue, especially in the abdominal region, and risk increases with fat7. 

Remarkably, adipose tissue can act as an endocrine organ8. Adipocytes not only contain 

stored fat but also contain an array of immune cells, macrophages, and adipokines 

(protein signaling molecules)9. An overweight/obese a person consumes an excess 

amount of energy that cannot be used and will be stored. If this lifestyle continues, 

adipocytes enlarge and produce more adipocytes to keep up with lipid storage needs10. At 
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a certain point, the number of adipocytes outnumbers the available oxygen and will result 

in cell death of some adipocytes11. This contributes to an inflammatory response occurs 

and leads to dysfunction of normal immune and endocrine function12,13. When chronic 

obesity occurs and no lifestyle or pharmacological intervention is practiced, the body will 

begin to enter the disease state. Health conditions that can stem from this disease state 

include insulin resistance14, type 2 diabetes5, hormone imbalance15, liver disease16, and 

some cancers17.  

If obesity is an inflammatory state, then the goal should be to reduce 

inflammation. This can be done by being physically active18,19 and maintaining a 

balanced diet19,20. 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, eliminating 

trans-fats, decreasing saturated fats and increasing unsaturated fat consumption21. 

Unsaturated fats include monounsaturated and polyunsaturated fatty acids (PUFAs). 

PUFAs consist of omega-3 and omega-6 fatty acids (FAs) but omega-3 FAs have been of 

great interest. Studies have found that incorporating more omega-3 FA rich foods may 

aide in weight loss22,23, improve plasma lipid levels24,25, insulin resistance26,27, and 

decrease inflammation28,29. All of those factors are considered attributes of being 

overweight/obese. Foods that are rich in omega-3 FAs include cold-water fatty fish 

(salmon), nuts, such as walnuts, and some seeds30. There have been many studies 

analyzing the effect of cold-water fatty fish and walnuts10 and their health benefits, 

however, there are only a few studies analyzing chia seeds. Chia seeds are also very high 

in omega-3 FA. One ounce of chia seeds contains 5g of omega-3 FA with 4.6g of protein 
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and 9.8g of fiber31. Despite their high omega-3 FA content, research with chia seeds is 

limited.  Therefore, the purpose of this study was to determine the short-term effect of 

chia seed consumption on fasting blood glucose (FBG) levels and body composition in an 

overweight/obese female 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 and 

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 overweight/obese 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 effect of chia seed 

consumption on body composition and FBG levels in pre-menopausal overweight/obese 

females.  

Objectives 

 

Objective 1: To determine the short-term effect of chia seeds at 10% of total daily kcals 

on fasting blood glucose levels. 

Objective 2: To determine the short-term effect of chia seeds at 10% of total daily kcals 

on body composition. 

Hypotheses 

 

Null Hypotheses: 

H01: Fasting blood glucose levels will not be affected by supplementation of daily chia 

seed ingestion at 10% of total daily kcals.  
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H02: Body composition will not be affected by supplementation of daily chia seed 

ingestion at 10% of total daily kcals.  

H03: There will be no difference in body composition changes between the chia group and 

the control group.  

H04: There will be no difference in fasting blood glucose changes between the chia group 

and the control group.  

Research Hypotheses 

 

HA1: Daily chia seed ingestion at 10% of total daily kcals will result in decreased fasting 

blood glucose levels after 8 weeks.  

HA2: Body composition will be affected by supplementation of daily chia seed ingestion 

at 10% of total daily kcals. 

HA3: Chia supplementation at 10% of total daily kcals will result in a significant change 

in weight, lean muscle mass, and waist and hip measurement than the control group.  

HA4: There will be a difference in fasting blood glucose changes between the Chia group 

and the control group. 
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CHAPTER 2 

LITERATURE REVIEW 

 

Omega-3 Polyunsaturated Fatty Acids 

 

Omega-3 polyunsaturated fatty acids (n-3 PUFAs) are essential fatty acids 

because of the inability of humans to create double bonds in the omega-6 and omega-3 

positions. The most common n-3 PUFAs include alpha-linolenic acid (ALA), 

eicosapentaenoic acid (EPA), and docosahexaenoic acids (DHA). Cold water salmon, 

tuna, and mackerel are excellent sources of EPA and DHA32,33, while ALA is abundantly 

found in plant sources such as nuts (walnuts), seeds (chia seeds), and some oils (flaxseed 

oil)34,35.  

An immense amount of research has analyzed the protective cardiovascular 

effects of n-3 PUFAs in the human body. Research has concluded that n-3 PUFAs have 

the ability to improve blood lipids (triglycerides, cholesterol, low density lipoprotein 

cholesterol)36, blood pressure37, and decrease cardiovascular disease risk38. The cardio-

protective effects of n-3 PUFAs are further aided by their anti-inflammatory 

properties39,40. Additionally, a diet enriched with n-3 PUFAs have shown an increase in 

resting metabolic rate41 which may positively affect body composition.  

Omega-3 PUFAs and Body Composition 

 

The verdict on the effect of n-3 PUFAs on body composition (fat mass, body 

weight, BMI) is still in review. Many studies that have analyzed the effect of n-3 PUFAs 

on body composition have conflicting results.  This is mostly due to the methodology of 

the studies. As with many supplement studies, the dosage of the n-3 PUFAs and the type 

is variable and likely impacts the results. Additionally, many studies incorporate exercise 

plans and/or diet modifications in conjunction with the supplementation, therefore, 
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whether the body composition change is due to the n-3 PUFAs alone or in conjunction 

with, is still unknown.  

A study conducted by Gunnarsdottir et al42 supplemented men and women with 

either a fish diet, fish oil supplement (n-3 PUFA), 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 caloric restriction of 

600kcals/day and provided participants with a detailed diet plan to follow. This 

methodology impedes the true evaluation of the effect of n-3 PUFAs on body 

composition because caloric restriction has been shown to aide in weight loss and thus 

the study cannot determine the ultimate cause of any changes. On the contrary, a study 

conducted by Gerling et al43 supplemented young, healthy men with 2g of EPA and 1g 

DHA per day for 12 weeks following their habitual diet. Body mass, weekly exercise, 

and daily energy intake did not change in either the n-3 PUFA group or the placebo 

group, however, there was a decrease in total caloric intake within the n-3 PUFA group, 

alluding to the effect that n-3 PUFAs increases satiety. Additionally, resting metabolic 

rate significantly increased by 5.4% in the supplement group at the end of the 12 weeks. 

This study implemented a high dosage of n-3 PUFAs. Although the researchers did not 

see direct changes in body composition, the ability of n-3 PUFAs to affect body 

composition in the long term (RMR, caloric intake) may be evident.  

Several other studies have similar conflicting findings but overall, most show a 

trend towards significance for a decreased weight and fat mass in the n-3 PUFA 

group22,44. Because of the conflicting findings in the literature for body composition 

changes with n-3 PUFA supplementation, further research is needed to determine the 
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effects n-3 PUFAs on body composition. In order to accomplish this, rigid methodology 

should be applied 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 effects of n-3 PUFAs 

and to find the most effective dosage.  

Omega-3 PUFA and Glucose  

 

The positive relationship between obesity and diabetes has been widely 

acknowledged by several studies45–48. Increased adipose tissue leads to an inflammatory 

state in the body and those inflammatory cytokines begin to negatively affect the body’s 

physiology46,49, such as insulin and glucose uptake8,29,50. Chronic low-grade inflammation 

can begin to effect glucose levels and increase the risk of the development of type 2 

diabetes mellitus (T2DM)51,52. The solution to this phenomenon might be the reduction of 

inflammatory cytokines produced by excess adipose tissue in the body. The reduction of 

adipose tissue and an increase in anti-inflammatory species has been observed by dietary 

modifications, specifically, the inclusion of omega-3 PUFAs53–55.  

A study conducted by Ellulu et al56 supplemented 36 males and females with 

500mg of fish oil (n-3 PUFA) for 8 weeks. Although FBG significantly decreased after 8 

weeks in the supplement group, when compared with the control group, no significant 

difference was found. Additionally, Tousoulis et al57 tested the effect of 2g n-3 PUFA 

supplementation in lipid profile markers and FBG among male and female metabolic 

syndrome patients for 12 weeks. Lipid profile markers (TC, TRG, LDL) and fasting 

glucose levels (p=0.02) were significantly different from week 0 to week 12, however, 
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when compared to the placebo group, no significant difference through time was found 

for glucose levels. 

 Several of the studies who examine FBG levels find similar results: significant 

differences within the supplement group but non-significant differences when compared 

with the placebo group55–58. Yet, animal studies have found significant decreases in blood 

glucose levels after supplementation58,59 which is one of the reasons that led to examining 

human supplementation. As previously mentioned, n-3 PUFAs have anti-inflammatory 

properties which aids in the reduction of cardiovascular disease risk and to a certain 

extent the reduction of glucose levels. Similar to the studies analyzing body composition, 

those who analyze FBG levels all vary in the length and dosage of supplementation. In 

addition, the type of n-3 PUFA-most often in the form of animal DHA and EPA-also vary 

from study to study. Again, the literature on n-3 PUFA and glucose levels is 

contradictory, elucidating the need for further research.  

 

 

Chia Seeds and Omega-3 PUFAs 

 

For many years, the scientific thought was that the animal-based n-3 PUFA was more 

effective in physiological utilization due to its bioavailability compared to the plant 

product60. However, many researchers argue that the dosages used in human studies are 

significantly high and not realistic to what is consumed habitually32,35. Others state that 

consumption of plant-based n-3 PUFA-ALA - cannot synthesize EPA and DHA well 

enough to exhibit its beneficial effects61. Despite the availability of n-3 PUFAs in both 

plant and animal products, animal products have been widely researched, leaving a gap in 

the literature for plant-based n-3 PUFAs. For those who are vegetarian, vegan, or do not 

consume fish, there is a need for more research in the plant-based area since these fatty 
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acids play a crucial role in physiological events. Numerous studies have analyzed the 

effect of walnuts62–64 and have found similar results in cardiovascular improvements as 

with animal-based n-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 consumers-chia seeds. 

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 (Table 1). Thus, making chia seeds a great candidate for research.  

Table 1: Nutritional characteristics of 1oz walnuts65 and chia seeds31 (USDA) 

Nutrient  Walnuts (1oz) Chia Seeds (1oz) 

n-3 PUFA 13g 7g 

Fiber 1.9g 10g 

Protein 4.3g 4.7g 

Calories 185 138 

Iron  4% 12% 

Magnesium 11% 23% 

Calcium 2% 17% 

n-3 PUFA, omega-3 polyunsaturated fatty acids 

Chia Seeds and Body Composition 

 

As the area of research for chia supplementation is emerging, 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 supplementation. There 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 supplementation66–68. Nieman et al.68 

supplemented 56 overweight and obese women (49-79 years) with 25g of milled or 

whole chia seeds per day for 10 weeks. Subjects were placed in either the whole chia 

seed, milled 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 plant-based n-3 PUFAs is that they do 

not provide enough synthesis of EPA compared to animal n-3 PUFAs60. Toscano et al69 

supplemented 26 men and women (35-65years; BMI 25-35kg/m2) with 35g 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 and lipid profile 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 mass, a decrease 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 et al70 randomly 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 onto food. Unlike the previous 

studies, the investigators included a 30-minute counseling session with a study dietitian 

every 6 week for a total of 6 months. These sessions provided participants with 

information on following an individualized energy-restricted diet, utilizing study 

supplements, and following dietary and lifestyle guidelines as outlined by the Canadian 

Diabetes Association for individuals with T2DM. Results showed significant reduction in 

weight (1.9 ± 0.5kg) at 6-months compared to the control group. Additionally, waist 

circumference significantly decreased by 3.5 ± 0.7cm in the chia group with no 

significant change in the control group. No significant differences were observed in mean 

hip circumference and percent body fat between groups, however, a within intervention 

reduction of android (3.7±2.8%) and gynoid fat (6.9 ± 3.9%) was observed in the chia 

group, but not in the control group. This study is significant because weight significantly 

decreased, however, the study utilized nutrition counseling sessions 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 participants which elucidates the need 

for further research with chia seeds and its possible positive effects on body composition. 

Finally, a master’s thesis by Wu71 utilized young and healthy participants and added 20% 

of total kcals of chia seeds to 23 females’ diet for 5 weeks. With a free-living aspect, 

significant reductions in body weight, body fat, and fat mass were found for the chia 

group however no differences found when compared to 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 the chia seed 

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 composition, 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 analyze FBG levels and only one study found a significant change in glucose 

levels after treatment66,67,69,70,72. In 2009, Niemen et al66 supplemented 76 men and 

women (20-70years) 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 composition, lipid 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 et al72 used 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 Diabetes Association nutrition recommendations along with a set 

caloric restriction. With 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 well as significant decrease in HbA1C level, 

and an increase in plasma ALA and EPA levels. This 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 seeds has been 



13 

 

repeated and/or enhanced from this pioneering study. For instance, a master’s thesis by 

Sung73 utilized young and healthy participants and added 20% of total kcals of chia seeds 

to 23 female diet for 5 weeks. Post-prandial glycemic was monitored after consuming 1/3 

of allotted chia seeds in a juice beverage, however, no differences were found post-

prandial glycemic for treatment or time. Additionally, no differences in FBG were found 

with the 5-week intervention.  

The lack of research in analyzing the effect of chia seeds blood glucose levels is 

severely lacking. The current literature (table 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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Table 2: Literature review of chia seed supplementation studies assessing body composition and glucose levels. 

Author, 

Year 

Subjects Study Design Chia Dose Variables 

Tested 

Results 

Vuskan 

et al., 

200772 

T2DM 

N=20 (11M, 

9F); age: 

64±8yrs, 

BMI:28±4kg/m2 

Randomized, 

single blind, 

crossover 

design. Two, 12-

week treatments. 

Diet 

intervention. 

15g/1000kcal 

calculated based 

on each subject’s 

needs (HBE) 

Mean Chia= 

Ground chia baked 

into bread, ad 

libitum of ground 

chia to food.  

FBG, A1C, 

BP, Lipids 

(total, LDL, 

HDL, TRG), 

BW 

Decrease in 

systolic BP, 

decrease in A1C 

from baseline but 

not against control 

group, Increase of 

Plasma ALA 

Nieman 

et al., 

200966 

N=90 

(28M,48W); 20-

70yrs.; 

BMI≥25kg/m2 

Single-blinded, 

parallel design. 

12-week 

intervention. 

Free-living. 

50g/day whole 

chia seeds mixed 

with 0.25L water 

twice a day on an 

empty stomach 

(25g/serving). 

Placebo: soy, 

sunflower oil, 

carrot fiber, 

tapioca starch. 

Body mass, 

Body 

composition 

(DXA), serum 

glucose, 

cholesterol, 

LDL, HDL, 

TRG, blood 

pressure, 

CRP, IL-6  

No change for 

body mass, body 

composition, serum 

glucose, 

cholesterol, LDL, 

HDL, TRG, blood 

pressure, CRP, IL-

6 

Vuskan 

et al., 

201074 

N=11 (6M, 5F); 

30±3.6yrs; BMI 

22.2±1.3kg/m2;  

Double-blind, 

placebo-

controlled, 

randomized, 

crossover 

design. 15, 30, 

45, 60, 90, and 

120minutes after 

consuming chia 

meal-5 data 

collection days. 

0, 7, 15, or 24g 

ground chia baked 

into white bread. 

Incremental 

blood glucose 

and appetite 

rating 

As chia dosage 

increases, 

postprandial 

glycemic reduces 

(each gram reduced 

post-prandial 

glycemic by 2% 

compared to 

control).  

Jin et 

al68 

N=10 

(0M,10W); 

55.6±0.8yrs; 

Subjects were 

their own 

controls, 7-week 

25g milled chia 

seeds/day by 

sprinkling into 

Plasma ALA, 

EPA, DPA, 

Body mass did not 

change pre to post.  
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BMI 

24.6±1.1kg/m2 

supplementation, 

free-living 

fruit juices, yogurt, 

breakfast cereals, 

salads and other 

dishes at one meal 

or spread 

throughout the 

day. 

DHA, body 

mass 

Plasma ALA 

increased by 138% 

by week 7.  Plasma 

EPA increased 

30% by week 7. No 

change for DHA 

&DPA.  

Nieman 

et al., 

201267 

Whole Chia 

Seeds: 

N=16 (females); 

60.4±1.6yrs; 

BMI 32.9±1.3 

kg/m2 

 

Milled Chia 

Seeds: 

N= 14 

(females); 

57.2±1.7yrs; 

BMI 33.5±1.5 

kg/m2 

 

Placebo: 

N=26 (females); 

58.5±1.1yrs; 

33.1±0.9kg/m2 

Double-blind, 

randomized, 

placebo 

controlled 

parallel design. 

10-week 

intervention. 

Free-living. 

25g milled or 

whole chia 

seeds/day 

sprinkled onto 

fruit juice, other 

beverages, yogurt, 

salads, cooked 

vegetables, and 

breakfast cereal 

throughout the 

day. Instructed not 

to heat the seeds.  

Placebo: 25g 

poppy seeds.  

Body 

composition, 

blood 

pressure, 

Plasma ALA, 

EPA, DPA, 

DHA, serum 

glucose, 

cholesterol, 

blood 

pressure, 

LDL, HDL, 

TRG 

No changes within 

and between 

groups in body 

composition, serum 

glucose, 

cholesterol, blood 

pressure, LDL, 

HDL, TRG. 

Plasma ALA 

(58.4%) and EPA 

(38.6%) increased 

in the milled seed 

group compared to 

nonsignificant 

changes in the 

whole seed and 

placebo groups. 

Plasma DPA 

(21.1%) and DHA 

(16.5%) increased 

in the milled seed 

group but not 

significant 

compared to 

placebo.  

Ho et 

al75 

N=13 (6M,7F); 

BMI 25.4±2.6 

kg/m2 

Randomized 

controlled, 

crossover 

design. 9 data 

collection 

7, 15, or 24g 

whole or ground 

chia seeds baked 

into white bread. 

Utilized 3 control 

Post-prandial 

glucose 

response 

Reduction of post-

prandial glucose by 

20 (7g chia), 28 

(15g chia), and 

38% (24g chia) but 
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points; 15, 30, 

45, 60, 90, and 

120 min. post 

meal  

breads with similar 

nutrient content as 

chia breads.  

no significant 

difference 

compared to the 

control. No 

significant 

differences 

between milled and 

ground chia seeds 

within the same 

dose level.  

Toscano 

et al69 

Chia group: 

N=19; 48.8±2 

kg/m2 

 

Placebo group: 

N=7; 51.4±3 

kg/m2 

 

 

Double-blind, 

randomized, 

placebo 

controlled 

parallel design. 

12-week 

intervention. 

Free-living. 

35g chia flour/day 

added to water, 

yogurt, vitamins, 

fruit or juices. 

Freely consumed 

throughout the 

day.  

 

Placebo group: 

35g toasted wheat 

bran 

Body 

composition, 

Cholesterol, 

LDL, HDL, 

TRG, fasting 

glucose,  

Body mass 

decreased in the 

chia group after 12 

weeks-however, 

significant weight 

loss observed only 

in the obese 

subgroup and 

overall weight 

change did not 

differ compared to 

the control. Waist 

circumference 

decreased in the 4th 

and 12th week of 

the study but not 

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.  

Sung73 N=23 (females); 

21.43±3.01yrs; 

BMI 

21.95±2.0kg/m2 

2-period cross-

over design 

consisting of 

two 5-week 

treatment 

periods. Free 

living. 

Chia group: 20% 

of participant’s 

daily caloric intake 

was substituted 

with chia seeds 

(mean total chia 

seed consumption 

=86.85±9.39g/day) 

 

Control group: no 

placebo, 

maintained normal 

daily diet and 

exercise routine. 

 

Post-prandial 

glucose: 6oz.capri-

sun juice with 1/3 

of allotted chia 

seed; 3 data 

collection points; 

baseline and 

60min. post-

prandial. 

Fasting and 

post-prandial 

blood glucose 

levels, satiety 

levels.  

No differences 

found for FBG or 

post-prandial 

glucose for 

treatment or time.  

No differences 

found in satiety 

levels for 

treatment.  

Wu71 N=23 (females); 

21.43±3.01yrs; 

BMI 

21.95±2.0kg/m2 

2-period cross-

over design 

consisting of 

two 5-week 

treatment 

periods.  

Chia group: 20% 

of participant’s 

daily caloric intake 

was substituted 

with chia seeds 

(mean total chia 

seed consumption 

=86.85±9.39g/day) 

 

Body 

composition, 

body mass 

Significant 

reductions in body 

weight, body fat, 

and fat mass were 

found for the chia 

group however no 

differences when 

compared to the 

control group.   
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Control group: no 

placebo, 

maintained normal 

daily diet and 

exercise routine.  

Vuskan 

et al., 

201771 

T2DM of ≥1-

year duration 

 

Chia group: 

N=27 (7M, 

20F); 60±2yrs; 

BMI 

31.0±0.9kg/m2 

 

Control group: 

N=31 (M11, 

20F); 60±2yrs; 

BMI 

30.7±0.7kg/m2 

Randomized, 

double-blind, 

parallel design. 

500kcal reduced 

diet, nutrition 

counseling 

sessions 

throughout the 

intervention.  

30g/1000kcal/day 

ground chia seeds. 

1/3 of dose was 

baked into whole-

wheat bread and 

the remainder was 

provided as a 

powder to be 

sprinkled onto 

food.  

Placebo: mixture 

of oat bran, inulin 

fiber, 

maltodextrin. 

Body mass, 

Body 

composition, 

waist & hip 

circumference, 

HbA1C, 

fasting 

glucose,  

Decrease in weight 

(1.9±0.5kg) in the 

chia group after 

6mo. compared to 

the control. 

Significant weight 

reduction at 18 

weeks and 6mo. 

Significant waist 

circumference 

(3.5±0.7cm) in chia 

group than the 

control. No 

changes/differences 

in hip 

circumference, 

percent body fat. 

There was a 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., 

201776 

N=15 (5M, 

10F); 23.9±3yrs; 

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 of glucose 

Blood glucose 

and satiety 

Blood glucose 

reduced over 

120min. by 

0.44±0.12mmol/l 

in the flax group 

and by 

0.64±0.12mmol/l 

in the chia group, 

but no significant 

difference between 

chia and flax. 

Both the chia and 

flax beverages 

reduced all satiety 

measurements. 
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CHAPTER 3 

METHODS 

 

Participants 

 

This study was approved by the California State Polytechnic University, Pomona 

(CPP) Institutional Review Board (IRB Protocol# 16-188) (Appendix A) and informed 

consent (Appendix C) was collected from all of the participants before commencing data 

collection. Thirty-nine overweight and obese females between the ages of 18 and 45 

years old were recruited from CPP campus using flyers (Appendix D), emails, and word 

of mouth from May 2017-January 2018 and 17 subjects were included in the statistical 

analysis (N=17).  

Inclusion Criteria  

 

In order to be eligible for the study, participants had to be a current student, 

faculty, or staff member at CPP, biologically female, between the ages of 18 to 45 years, 

have a body mass index (BMI) of >26kg/m2, otherwise healthy with no known chronic 

diseases, and willing to avoid eating fish, nuts, flaxseeds, and fish oil supplements for the 

duration of 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 26kg/m2, were taking any 

steroid or hormone medication (other than birth control), were taking laxatives or fiber 

containing supplements on a regular basis, had any known chronic diseases, were 

pregnant or planning to become pregnant, and were unwilling to avoid eating fish, nuts, 

flaxseed, and fish oil supplements for the duration of the study. 
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Experimental Design 

 

This study was an 8-week intervention pilot study and 17 pre-menopausal 

overweight and obese females completed the study (N=17). Participants were placed into 

either the chia intervention group (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.  

 

Figure 1:Study overview flow map. 

Chia Seed Supplementation 

 

Initially, the study added 20% daily total kcals to the CHIA diet. This amount was 

not feasible for the participants and all CHIA 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 amendment was approved by the CPP IRB (Appendix B). 



 

22 

 

Caloric intake for each participant placed into the CHIA intervention group was 

calculated by using the Harris-Benedict equation multiplied by the activity factor of 1.2, 

1.375, 1.55 depending on each participant’s activity levels based on the information 

provided on the initial screening form. Ten percent of the participant’s daily caloric 

intake was added with chia seeds supplied by Salba Smart Natural Products, LLC 

(Colorado, USA). According to Salba Smart Natural Products, LLC, 15g 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 with each participant’s study identification number to 

ensure confidentiality. Participants were asked to consume their desired amount of chia 

seeds 30-40 minutes before every meal in 10oz of plain water. Participants were asked to 

maintain their habitual exercise routine and dietary intake. If participants consumed any 

prohibited food during the study periods, they were asked to complete an Unusual 

Dietary Form (Appendix E). Participants placed into the CON group were asked to 

consume 10oz of plain water 30-40 minutes before every meal for the duration of the 

study. Nutrition education or counseling was not provided to any of the participants. 

Dietary recalls were collected from each participant throughout the duration of the study, 

however, dietary intake was not evaluated for this thesis.  

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 and 10:00 am. 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: 
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height, body composition, waist and hip measurements, and FBG. 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 stadiometer (Seca 213 

Portable Stadiometer, Hamburg, and Deutschland) 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) (Tanita TBF-310 S, Tokyo, Japan). Before measurement was taken, 

participants were given 8oz. of water to drink to limit total body water variations. 

Participant information (age, height, athlete or non-athlete) was entered into the Tanita 

BIA prior to measurements. Participants 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 were conducted in duplicate and equipment accuracy was 

verified by checking for no statistical significant difference between first and second 

reading using a two-tailed, paired T-test.  

 

Waist and Hip Measurements 

Waist and Hip measurements were taken at each data collection point using a tape 

measure (Prym Consumer, Spartanburg, SC). Participants were asked to remove any 

large items of clothing (jackets, sweatshirts) before measurement. Waist circumference 
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was measured at the midpoint between the lower margin of the last palpable rib and the 

top of the iliac crest. Hip circumference was taken around the widest portion of the 

gluteals. Both measurements were taken in duplicate. 

 

Fasting Blood Glucose 

Fasting Blood Glucose (FBG) was measured using a Freestyle Freedom Lite 

meter kit (Abbot Diabetes Care Inc., Alameda, Ca). Participant’s finger was cleaned 

using an alcohol wipe and then a 28-gauge 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 glucose measurements were 

performed in duplicate.  

Statistical Analysis 

 

All data was tested using the statistical software SPSS 20.0 for Windows (SPSS, 

Chicago, IL, USA) and significance was set a p≤0.05. A two-tailed, independent T-test 

was used to compare CHIA and CON at baseline. A 2 (condition) x 3 (time) mixed 

analysis of variance (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 follow-up test was conducted for pairwise 

comparisons.  
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CHAPTER 4 

RESULTS 

 

Descriptive Measures 

 

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 two-tailed, independent T-test showed no significant 

differences at baseline between groups, however, age approached significance with a p-

value of 0.07 (Table 3). CHIA group consumed 41.27±3.08g/day for 8-weeks.  

Table 3: Baseline participant descriptives (±SD) of CHIA and CON groups. 

 
P value indicates statistical difference between CHIA and CON.  

CHIA, chia treatment; CON, control group; BMI, body mass index; Body Fat, percent body fat; FM, fat mass; FFM, fat 

free mass; WC, waist circumference; HC, hip circumference, FBG, fasting blood glucose 
 

Research Findings 

 

There were no outliers, as assessed by boxplot. The data was normally distributed, 

as assessed by Shapiro-Wilk'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 of variances. Mauchly's test of sphericity indicated that the assumption of 

sphericity was met for the two-way 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(2) =0.266, p=0.875). Mauchly's test of sphericity 

indicated that the assumption of sphericity was violated for the two-way 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 Greenhouse-Geisser test was analyzed for these variables. The results of the repeated 

measures ANOVA showed 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). Additionally, no statistically significant (p>0.05) main effect for group was 

found for all dependent variables.  

Table 4: Mean (±SD) changes in outcome measures after 8 weeks administration of 

CHIA or CON in 17 overweight/obese females. 

 
P value indicates main effect of treatment on tested variables 

Values are mean ± SD with significance unless otherwise indicated, *p<0.05. CHIA, chia treatment; CON, control 

group; BMI, body mass index; Body Fat, percent body fat; FM, fat mass; FFM, fat free mass; WC, waist 

circumference; HC, hip circumference, FBG, fasting blood glucose 
 

Responders versus Non-responders 

No statistical significant differences were found among any variables and thus individual 

changes from week 1 to week 8 were graphed to analyze any individual responses for 

weight change, percent body fat, FM, FFM, and FBG. Graphical 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 loss may have been caused by a decrease in percent body fat. 

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 weight. Figure 6 

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 changes, there isn’t a solid pattern that can 

explain the probable cause of the decrease in FBG. Additionally, participant #8 had a 

drastic increase in FBG from week 1 to week 8, and again there isn’t a solid pattern seen 

that could explain the probable cause of the increase.  

 

Figure 2: Weight change for each subject from week 1 to week 8. CHIA are blue bars, 

CON are orange bars.  
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Figure 3:Body fat change for each subject from week 1 to week 8. CHIA are blue bars, 

CON are orange bars.  

 

 

Figure 4: Fat free mass (FFM) change for each subject from week 1 to week 8. CHIA are 

blue bars, CON are orange bars.  
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Figure 5: Total body water (TBW) change for each subject from week 1 to week 8. CHIA 

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 and FBG levels in an apparently healthy, overweight/obese female 

population between the ages of 18 and 40 years. This study differs from other study 

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 

differed in the administration of the seeds. The current study’s participants in the CHIA 

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 utilized a high dose 

of chia seeds compared to Niemen et al (2012) and Jin et al68 who used 25g of whole and 

milled chia seeds, respectively, while in Vuskan et al70 30g/1000kcal of ground chia 

seeds were consumed-the closest dose to the present study.  While the present study 

asked participants to consume their chia seeds in 10oz of plain water before every meal, 

in Niemen et al66 chia seeds were consumed in 0.25L of water twice a day. Other studies 

mixed chia seeds with various foods, for example, Toscano et al69 had participants add 

chia flour to various foods (water, yogurt, fruits) throughout the day while Vuskan et al. 

70used chia seeds baked into whole-wheat 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 food factors. 

Additionally, participants in this study were free-living and were not asked to make any 

dietary or physical activity changes while other studies incorporated caloric restrictions72  
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and nutrition guidance70. Furthermore, participants were otherwise healthy 

overweight/obese females while many studies utilize an older population67,68,72 and 

T2DM participants70,72. 

Body Composition 

 

Body composition was not significantly affected by supplementation of daily chia 

seeds which resulted in no significant differences between the CON and CHIA group, 

thus the results failed to reject null hypotheses 2 and 3. Previous studies have found 

similar results. Utilizing a similar chia seed administration in water, Niemen et al66 did 

not have any changes in body mass or body composition after 12 weeks of 

supplementation. Interestingly, in 2012, Niemen et al67, using 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 

al68, using the same dosage as Niemen et al.66,67 did not find any significant changes in 

body mass after 7-weeks. This is perplexing based on observations during data collection 

time points, participants reported feeling very full after ingesting their chia seeds and on 

some days 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 have 

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 
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composition in the CHIA group compared to the CON group, indicating the addition of 

calories and fat from chia seeds may not negatively affect one’s body mass (figure 2). 

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 differing methodology. 

Perhaps intervention time must be longer than 12 weeks to see any significant changes in 

this area69.  

Fasting Blood 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, 

thus results failed to reject null hypotheses 1 and 4. Unlike body composition, a few 

studies have been successful in decreasing postprandial blood glucose levels with chia 

seeds, to a certain extent. Vuskan et al74 and Ho et al75 analyzed the trend of postprandial 

glycemia after consuming white bread containing either 7, 15, or 24g of ground74 or both 

ground and whole75 chia 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 

significant differences. Furthermore, a handful of other supplementation interventions 

previously mentioned66,67,69,70,73 also did not find any significant changes in varying 

forms of glucose 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 levels76. 

Additionally, we theorized that the ALA levels of chia seeds would produce some effect 

on glucose levels56,67,69,70. Given that the participants of the current study had mean 
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healthy glucose levels (table 2), perhaps 8-weeks was too short of a time to see any type 

of changes.  

Responders versus Non-responders 

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 participants, the drastic 

changes for FBG for two different CHIA participants were not found. Despite not 

calculating statistical significance for responders and non-responders, the graphical 

representation of the individual changes reminds us that each participant may metabolize 

chia seeds differently and thus some participants may see changes and some may not. 

This is important to keep note of especially when trying to transfer supplementation 

studies to the clinical setting, which very often take years to translate into the clinical 

setting for effective patient care77.   

Limitations  

 

Several limitations exist in this study. First, the low number of subjects in the 

study (N=17).  Statistical power for the repeated measures ANOVA was far from the 

level of acceptable sample power at 57%78. A priori statistical power calculation required 

a sample size of 44 participants to reach 95% power. Forty females were recruited for the 

study, 10 did not qualify; the study began with 27 participants. Due to non-compliance, 

lack of responses, aversion to the large dose of chia seeds and one participant with 

gastrointestinal issues unrelated to the chia seeds, 19 participants 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 findings67,69,70. A larger sample 
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size, reaching the 95% statistical power, utilizing the same methodology should be tested 

and may result in significant findings. Several participants who withdrew from the study 

had an aversion with the large chia seed dosage. As mentioned in the Chapter 3, the study 

initially added 20% total daily kcals of chia seeds to the CHIA diet but this dose was not 

tolerated well with participants and thus had to be modified. Retention was difficult and 

thus resulted in the small sample size. The mean daily amount of chia seeds was 

41.27±3.08g and was based on adding 10% of their total kcals with chia seeds, while 

some other studies did not utilize this methodology. Furthermore, many of the studies 

utilized 25g of chia seeds per day. Vuskan et al 70 utilized 30g/1000kcal/day, which 

added up to the same amount as the current study’s chia seed dosage, however they were 

able to find differences in weight and waist circumference and we did not find a 

difference. Their study differed from ours in that they utilized T2DM subjects, caloric 

restrictions, nutrition counseling, and an intervention of 6 months, and we only looked at 

the addition of chia to the diet without any intervention. We choose not to add other 

interventions, because too many interventions make it difficult to separate the effect of 

the chia seed intervention from the other interventions A third limitation of the study was 

recruiting only college students. This recruitment strategy was used for participant 

convenience purposes, and because this population is understudied. Although the study 

had a good response rate, college students on a quarter system are very busy, for the most 

part healthy, and thus a reason for some study withdrawals was scheduling and time 

commitment conflicts. It would be more reasonable to either recruit non-students or 

emphasize schedule availability in the inclusion criteria. Finally, grams of chia seed for 

each participant was calculated based upon each participant’s caloric needs through the 
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use of the Harris-Benedict 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, etc.), plasma ALA, and plasma glucose, HbA1c, 

erythrocyte fatty acid membranes, and insulin levels in order to gain a better 

understanding of any physiological changes that may occur.  Additionally, since the chia 

dosage was a challenge for some participants, it would be beneficial to vary the dosages 

and assess any changes. A study having two or more dosages (e.g. 5%, 10%, and 15%) 

utilizing the present study’s methodology would be of interest in order to evaluate any 

changes. The present study showed the difficulty participants have 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. Furthermore, post-prandial chia seed 

studies utilize varying doses of chia seeds and find positive outcomes to post-prandial 

glycemia with a dose as low as 7g of chia seeds74,75. 

Lastly, although the intervention time for chia supplementation studies vary, 

conducting a new study, with the present study’s methodology, with a longer intervention 

time should be tested. Future research 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 study. However, estimated caloric needs should be cross-referenced with actual 

caloric intake to ensure 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 water, 30-40 

minutes before every meal, which 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 analyze the effects of chia seeds 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 between CHIA and 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 

the greater intake of calories and total fat. The 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 reducing the obesity epidemic or if there are any health 

benefits or risks in chia seed consumption.  
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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 you - as a human 

subject/participant - 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 

entitled to an Experimental Research Subject’s Bill of Rights and a copy of this form. If 

you have any questions about your rights as a subject or participant, complaints about the 

informed consent process of this research study or experience an adverse event (something 

goes wrong), please contact the Research Compliance Office within Cal Poly Pomona’s 

Office of Research at 909.592-7823. More information is available at the IRB website, 

http://www.cpp.edu/~research/irb/index.shtml  

 

Chia Feeding Study 
Primary Investigator:  Desiree Vera Faculty Advisor:  Dr. Bonny Burns-Whitmore, R.D. 

CPP IRB protocol # 16-188 

 

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

in a research study conducted by the researchers listed above.  You are now being invited 

to participate in this 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 

they will 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 an explanation.  If 

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 is to examine the effects of chia seed 

consumption on body composition, FBG and dietary profile on females with a BMI 

greater than 26.  

 

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

groups (chia seed added-10% of total kcals and a no-chia 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 the laboratory to conduct the same data collection 

procedures as in the beginning of the study.  

 

Week Data Collection Treatment Location 
0 (baseline data 
collection) 

Tanita scale for 
body composition 

No treatment 2-110 

http://www.cpp.edu/~research/irb/index.shtml
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analysis; fasting 
finger prick for 

glucose, 3-day diet 
journal, electronic 
questionnaires, 
urine sample 

1-8   Satiety 
questionnaires will 
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. 

Chia Seed or 
Control 

2-110 

Week 4 Midpoint data 
collection: Tanita 
scale for body 
composition 
analysis; fasting 
finger prick for 
glucose, 3-day diet 
journal, electronic 
questionnaires, 
urine sample 

 2-110 

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

 2-110 

 
 

 

 

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 brief health-

screening and qualification questionnaire.  

i. 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? 

ii. For important safety reasons, you will be asked to answer each and 

every question on the health-screening questionnaire prior to 

qualification for the study; especially the seeds-allergy and 

medication 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-3 fatty acid like walnuts, pistachios, chia seeds, flax seeds, 

omega-3 enriched eggs, fish oil, or any omega-3 fatty 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 seed-free diet, in which you must maintain just the 

background diet. 

ii. The chia seed-added diet, in which you must consume 10% of your 

calories of chia seeds per day 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 complete a Satiety 

questionnaire to assess satiety.  

4. Before you begin the 8-week experimental phase, you will complete a one-week 

ñlead-inò period in which the background diet will be consumed and we will ask 

you to complete a 3-day food record. 

5. Your body composition will be measured at the beginning and end of each distinct 

treatment using a Tanita brand bio-impedance analyzer. The body composition 

measurements will require you to remove your shoes and socks and stand on a 

platform while the machine analyzes body composition. The analysis will take 

approximately 5-10 minutes. This measurement will be taken twice during each 

treatment. 

 

6. Your blood pressure will be measured at these same intervals using an Omicron blood 

pressure cuff. You will be asked to sit down for 15 minutes before we can measure your 

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 have your blood 

pressure measured using a blood pressure cuff around your left wrist. This process will 

take about 15-20 minutes. This measurement will be taken twice during each treatment. 

 

7. At three random points during each of the diet period you will be asked to fill out a 3-day 

food record. You do not need to be on-site to complete this task.  

 

8. You will be asked to rate your hunger using a validated rating scale (1-10) and 

questionnaire next to each snack or meal on your three required 3-day food records. You 

can turn in 3-day food record and questionnaire at the next nutrition lab visit. 

 

9. Your waist circumference will 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 hip bone) 

and recorded to the nearest 0.1 cm. Hip 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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nearest 0.1 cm. It will take no longer than 5 minutes to do both measurements. This 

measurement will be taken twice during each treatment. 

10. 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 

11. Body Serotonin Levels: You will be asked to provide a 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 cup provided on site.  

12. 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 least six weeks). 

- 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 amounts of nuts and seeds. - do 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 Exclusion 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 or hormone medication (other than birth control pills). - are 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 allergy 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 listed above? 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 three 1-hour sessions. You will not receive financial compensation 

for participation in the study, however, you will receive your results to review with your 

primary physician at the completion of the research study.  

 

POSSIBLE RISKS: You may experience mild gastrointestinal discomfort such as 

belatedness or flatulence, when consuming the amount of dietary fiber from chia seeds 

that account for 10% of your daily calories for a period of 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, blurred 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 confidentiality 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 PIs once every week during the treatment 

periods. Feel free to discuss potential schedule conflicts or concerns with PIs. 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 of the above-mentioned 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) 762- 4075, Dr. Burns-Whitmore, R.D. at 

(909) 869-3793, or your physician 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. Burns-Whitmore) 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 strongly consider 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 re-checked with your physician.  
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It is possible that you might experience a weight gain, however, a number of published 

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 not). You will 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 composition as 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 entitled, and 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 the sole 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 follow-up medical evaluation and treatment. Payment for care resulting from 

abnormal test results is 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 you.  Any information that is 

obtained in connection with this study -- and that can be identified with you -- will 

remain private and will be disclosed only with your permission or as required by law.  

Your identity will be kept strictly confidential by removing 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 :  I claim that I am 18 years or older and I consent to 

participate in the study.  I understand that my participation in this study is entirely 

voluntary and that I may refuse to participate or withdraw from the study at any time 

without penalty.  I 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) 762-4075, dlvera@cpp.edu 

Dr. Bonny Burns-Whitmore, R.D., Ph.D., (909) 869-3793, bburnswhitmo@cpp.edu  
 

 

EXPERIMENTAL SUBJECTôS BILL OF RIGHTS ï MEDICAL RESEARCH  

 

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 "Experimental Subject's Bill of Rightsò as included below.  A 

"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, heat or cold, 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: 

 Be informed of the nature and purpose of the experiment. 

 Be given an explanation of the procedures to be followed in the medical 

experiment, and any drug or device to be used. 

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

expected from the experiment, if applicable. 

 Be given an explanation of 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 and benefits. 

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

after the experiment if complications should arise. 

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

procedures involved. 

 Be instructed that consent 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. 

 Be given 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 influence on the subject’s decision. 

 

mailto:dlvera@cpp.edu
mailto:bburnswhitmo@cpp.edu
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APPENDIX D 

Study Recruitment Flyer 
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APPENDIX E 

Unusual Diet Diary Form 

 

 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.  

 

Also there will be days when you are not eating normally or you have had to take certain 

medications. Please list those in the next table. 

 

Example: 

Diet:   Chia Treatment 

   Food     

How much? 

What kind 

of food? Date Time Where Activity  

How did it 

happen? 

1 cookie and 

about ½ 

teaspoon of 

chia seeds 

Chocolate 

chip cookies 

with chia  

10-31-

2003 

3:25 

p.m. 
Office 

Working 

on report 

Co-worker 

gave to me, 

then I found 

out it had chia 

in it 

 

Example: 

Diet:   No Chia Treatment                                                                       

Medication Illness Date Time 

Describe diet or 

appetite changes?  

 Amoxicillin 

(Antibiotic) 

 Respiratory 

infection 

12-20-2012 

 

8 a.m., 

noon, 

6pm 

Stomach upset. 

Ate soup all day 

Aspirin 

 
Headache 12-21-2012 10am 

Slept all day-

didn’t eat 

Amoxicillin 

(Antibiotic) 

 Respiratory 

infection 

12-20-2012 

to 12-30-

2012 

(10 days) 

8 a.m., 

noon, 

6pm 

 No diet changes 

after 12-21-2012 
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Diet:   Chia Treatment 

  Food     

How 

much? What Kind?  Date Time Where Activity  

How did it 

happen? 

 

 
            

 

 
      

 

 
      

 

 
      

 

 
      

  

 
            

 

 
      

  

 
            

 

Diet:  Chia Treatment                                                                       

Medication Illness Date Time 

Describe diet or 

appetite changes?  
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Diet:   NO Chia Treatment 

  Food     

How 

much? What Kind?  Date Time Where Activity  

How did it 

happen? 

 

 
            

 

 
      

 

 
      

 

 
      

  

 
            

 

 
      

  

 
            

 

Diet:  NO Chia Treatment                                                                       

Medication Illness Date Time 

Describe diet or 

appetite changes?  
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APPENDIX F 

Publishable Journal Article 

 

The Effect of Chia Seed Supplementation on Body Composition and Blood Glucose in 

Overweight/Obese Females 

 

Desiree L. Vera1, Bonny Burns-Whitmore1, Marcus L. Elam1, Edward Jo2, Golandum 

Khayef1 

California State Polytechnic University, Pomona  

Department of Human Nutrition & Food Science1, Department of Kinesiology & Health 

Promotion2 

 

Abstract 

Background: Omega-3 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 omega-3 fatty acids and only a few researchers have investigated their health 

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 of 10% total daily kcals of 

chia seeds supplementation on body composition and fasting blood glucose levels in 

overweight/obese females in an 8-week intervention. Methods: Seventeen participants 

were assigned to either the chia group or the control group. The chia group was supplied 

10% of their total daily kcals in chia seeds and consumed them with 10oz. of water 

before each meal, and the control group was instructed to consume 10oz of water before 

each meal. Body composition (weight, BMI, waits circumference, etc.) and fasting blood 

glucose was collected for each participant at three-time 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: There was no significant 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 dependent variables. Conclusion: An 8-week 

supplementation of chia seeds at 10% of total calories- has no significant effect on body 

composition in overweight/obese females.   

Introduction  

Obesity has been of great concern for the past few decades 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 area 1. Due to the obesity issue, public health leans towards 

obesity prevention through education and intervention and positive outcomes have 

resulted2,3. According to the World Health Organization(WHO)4, being overweight and 

obese is killing more people than being underweight. Obesity increases the risk for the 

development of type 2 diabetes, heart disease, some forms of cancer, dementia, and many 

other health concerns5.  

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, eliminating trans-fats, 

decreasing saturated fats and increasing unsaturated fat consumption6. Unsaturated fats 
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include monounsaturated and polyunsaturated fatty acids (PUFAs). PUFAs consist of 

omega-3 and omega-6 fatty acids (FAs) but omega-3 FAs have been of great interest. 

Studies have found that incorporating more omega-3 FA rich foods may aide in weight 

loss7,8, improve plasma lipid levels9,10, insulin resistance11,12, and decrease 

inflammation13,14. All of those factors are considered attributes of being 

overweight/obese. Foods that are rich in omega-3 FAs include cold-water fatty fish 

(salmon), nuts, such as walnuts, and some seeds15. There have been many studies 

analyzing the effect of cold-water fatty fish and walnuts16 and their health benefits, 

however, there are only a few studies analyzing chia seeds. Chia seeds are also very high 

in omega-3 FA. One ounce of chia seeds contains 5g of omega-3 FA with 4.6g of protein 

and 9.8g of fiber17. Despite their high omega-3 FA content, research with chia seeds is 

limited.  Therefore, the purpose of this study was to determine the effect of 8-week 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 recruited from CPP campus using flyers (Appendix D), emails, and word of 

mouth from May 2017-January 2018 and 17 subjects were included in the statistical 

analysis (N=17). This study was approved by the California State Polytechnic University, 

Pomona (CPP) Institutional Review Board (IRB Protocol# 16-188).  

Experimental Design 

This study was an 8-week intervention pilot study and 17 pre-menopausal 

overweight and obese females completed the study (N=17). Participants were placed into 

either the chia intervention group (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 Seed Supplementation 

Caloric intake for each participant placed into the CHIA intervention group was 

calculated by using the Harris-Benedict equation multiplied by the activity factor of 1.2, 

1.375, 1.55 depending on each participant’s activity levels based on the information 

provided on the initial screening form. Ten percent of the participant’s daily caloric 

intake was added with chia seeds supplied by Salba Smart Natural Products, LLC 

(Colorado, USA). According to Salba Smart Natural Products, LLC, 15g 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 with each participant’s study identification number to 

ensure confidentiality. Participants were asked to consume their desired amount of chia 

seeds 30-40 minutes before every meal in 10oz of plain water. Participants were asked to 

maintain their habitual exercise routine and dietary intake. If participants 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 10oz of 

plain water 30-40 minutes before every meal for the duration of the study. Nutrition 

education or counseling was not provided to any of the participants. 

 



 

62 

 

 

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 and 10:00 am. 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, and FBG. All measurements 

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 Deutschland) with 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 TBF-310 S, Tokyo, Japan). Before measurement was taken, 

participants were given 8oz. of water to drink to limit total body water variations. 

Participant information (age, height, athlete or non-athlete) was entered into the Tanita 

BIA prior to measurements. Participants 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 were conducted in duplicate and equipment accuracy was 

verified by checking for no statistical significant difference between first and second 

reading using a two-tailed, paired T-test.  

Waist and Hip measurements were taken at each data collection point using a tape 

measure (Prym Consumer, 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 iliac 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). Participant’s finger was cleaned 

using an alcohol wipe and then a 28-gauge 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 glucose measurements were 

performed in duplicate.  

Statistical Analysis 

All data was tested using the statistical software SPSS 20.0 for Windows (SPSS, 

Chicago, IL, USA) and significance was set a p≤0.05. A two-tailed, independent T-test 

was used to compare CHIA and CON at baseline. A 2 (condition) x 3 (time) mixed 

analysis of variance (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 follow-up test was conducted for pairwise 

comparisons.  

 

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 two-tailed, independent T-test showed no significant 

differences at baseline between groups, however, age approached significance with a p-

value of 0.07 (Table 3). CHIA group consumed 41.27±3.08g/day for 8-weeks.  

Table 5: Baseline participant descriptives (±SD) of CHIA and CON groups. 

 
Research Findings 

There were no outliers, as assessed by boxplot. The data was normally distributed, 

as assessed by Shapiro-Wilk'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 of variances. Mauchly's test of sphericity indicated that the assumption of 

sphericity was met for the two-way 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 

indicated that the assumption of sphericity was violated for the two-way 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 

Greenhouse-Geisser test was analyzed for these variables. The results of the repeated 

measures ANOVA showed 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). Additionally, no statistically significant (p>0.05) main effect for group was 

found for all dependent variables.  
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Table 6: Mean (±SD) changes in outcome measures after 8 weeks administration of 

CHIA or CON in 17 overweight/obese females. 

 
 

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 from other study 

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 

differed in the administration of the seeds. The current study’s participants in the CHIA 

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 utilized a high dose 

of chia seeds compared to Niemen et al (2012) and Jin et al18 who used 25g of whole and 

milled chia seeds, respectively, while in Vuskan et al19 30g/1000kcal of ground chia 

seeds were consumed-the closest dose to the present study.  While the present study 

asked participants to consume their chia seeds in 10oz of plain water before every meal, 

in Niemen et al20 chia seeds were consumed in 0.25L of water twice a day. Other studies 

mixed chia seeds with various foods, for example, Toscano et al21 had participants add 

chia flour to various foods (water, yogurt, fruits) throughout the day while Vuskan et al. 
19used chia seeds baked into whole-wheat 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 food factors. 

Additionally, participants in this study were free-living and were not asked to make any 

dietary or physical activity changes while other studies incorporated caloric restrictions22  

and nutrition guidance19. Furthermore, participants were otherwise healthy 

overweight/obese females while many studies utilize an older population18,22,23 and 

T2DM participants19,22. 

Body Composition 

Body composition was not significantly 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 al20 did not have any changes in body mass or body composition after 
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12 weeks of supplementation. Interestingly, in 2012, Niemen et al23, using 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 al18, using the same dosage as Niemen et al.20,23 did not find any significant 

changes in body mass after 7-weeks. This is perplexing based on observations during data 

collection time points, participants reported feeling very full after ingesting their chia 

seeds and on some days 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 have 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 negatively affect one’s body mass (figure 2). 

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 differing methodology. 

Perhaps intervention time must be longer than 12 weeks to see any significant changes in 

this area21.  

Fasting Blood 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 decreasing postprandial 

blood glucose levels with chia seeds, to a certain extent. Vuskan et al24 and Ho et al25 

analyzed the trend of postprandial glycemia after consuming white bread containing 

either 7, 15, or 24g of ground24 or both ground and whole25 chia 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 significant differences. Furthermore, a handful of 

other supplementation interventions previously mentioned19–21,23,26 also did not find any 

significant changes in varying forms of glucose 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 levels27. Additionally, we theorized that the ALA levels of chia 

seeds would produce some effect on glucose levels19,21,23,28. Given that the participants of 

the current study had mean healthy glucose levels (table 2), perhaps 8-weeks was too 

short of a time to see any type of changes.  

 

Conclusion 

This study aimed to analyze the effects of chia seeds 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 between CHIA and 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 fat. The 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 reducing the obesity epidemic or if there are any health 

benefits or risks in chia seed consumption.  
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