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CHAPTER 1   
 
 
 

Introduction 
 
 
 

 In 2010, the Centers for Disease Control and Prevention (CDC) estimated that 79 

million Americans 20 years or older had pre-diabetes (2011).  Pre-diabetes is 

characterized by blood glucose or hemoglobin A1c levels that are elevated but are not 

high enough to be diagnosed as diabetes mellitus (Centers for Disease Control and 

Prevention, 2011).  A variety of lifestyle changes, such as reduced physical activity, and 

energy intakes greater than ever before, have contributed to this epidemic alteration in 

Americans’ health status (Hlebowicz et al., 2009).  Several studies have associated 

vinegar consumption with increased insulin sensitivity in insulin resistant and healthy 

individuals (Fushimi et al., 2001; Gu et al., 2010; Hlebowicz, Darwiche, Bjorgell, & 

Almer, 2007; Johnston & Buller, 2005; Johnston, Kim, & Buller, 2004; Liatis et al., 

2010; H. Liljeberg & Bjorck, 1998; Mitrou et al., 2010; Ostman, Granfeldt, Persson, & 

Bjorck, 2005; White & Johnston, 2007).  This suggests it may be a useful therapy for the 

treatment of diabetes mellitus and pre-diabetes.  As the epidemic of insulin resistance and 

diabetes mellitus continues, it is extremely important to determine simple and accessible 

options for individuals at risk to prevent and treat what can be a costly and devastating 

disease. 
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Purpose Statement 

The purpose of this study was to examine the effect of apple cider vinegar 

consumption on glycemic response and satiety in healthy adults aged 19-30 years using 

data previously collected by the researcher and major professor.   

 
Research Questions  

The following research questions were examined in this study: 

1. Does apple cider vinegar consumption affect the postprandial glycemic response 

in healthy adults? 

2. Does apple cider vinegar consumption affect satiety in healthy adults? 

 
Rationale  

 To date, there is limited examination of the effects of vinegar on postprandial 

blood glucose response (Hlebowicz, et al., 2007; Johnston & Buller, 2005; Leeman, 

Ostman, & Bjorck, 2005; Liatis, et al., 2010; Mettler, Schwarz, & Colombani, 2009; 

Mitrou, et al., 2010; Ostman, et al., 2005; Salbe, Johnston, Buyukbese, Tsitouras, & 

Harman, 2009; White & Johnston, 2007).  Studies describing vinegar’s effects on satiety 

are even more limited (Mettler, et al., 2009; Ostman, et al., 2005).  The current research 

has implicated vinegar as an anti-hyperglycemic agent that could be useful in the 

prevention and treatment of pre-diabetes and diabetes mellitus.  This study not only 

continued to add to the body of knowledge surrounding vinegar’s anti-hyperglycemic 

effect, but also examined the role vinegar plays in satiety.  
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Limitations 

 This study had one primary limitation.  Since the sample was a rather 

homogenous cohort of young, healthy adults, the results cannot be generalized to the 

greater, more varied population.   

 
Assumptions 

 For the purpose of this study, the following assumptions were made:  

1. It is assumed that the sample is representative of the larger population aged 19-30 

years.   

2. It is assumed that vinegar consumed as part of a normal diet is not sufficient to 

cause a change in glucose response.   

 
Definitions  

For the purpose of this study the following definitions were used: 

1. Vinegar consumption is defined as a 30 mL dose of apple cider vinegar.   

2. Young is defined as 19-30 years of age. 

3. Diabetes mellitus is a group of diseases characterized by high blood glucose 

levels that result from defects in the body’s ability to produce and/or use insulin 

(American Diabetes Association, 2010a). 

4. Glycemic response is the effect that carbohydrate containing foods have on blood 

glucose concentration from fasting to two hours after the test meal. (U.S. 

Department of Health & Human Services, 2005). 

5. Insulin resistance occurs when the body’s cells have diminished ability to 

respond to the action of the hormone insulin (WebMD, 2010). 
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6. Postprandial is defined as the two hours after the test meal for the purposes of 

this study (Merriam-Webster, 2011a). 

7. Pre-diabetes is characterized by blood glucose or hemoglobin A1c levels that are 

elevated but are not high enough to be diagnosed as diabetes mellitus (CDC, 

2011).  

8. Satiety is defined as the state of being fed to or beyond capacity (Merriam-

Webster, 2011b). 

9. Fasting blood glucose refers to levels of blood glucose after one has not eaten for 

eight hours (American Diabetes Association, 2010b).  

 
Summary 

Through this study the researcher investigated the effects of apple cider vinegar 

on glycemic response and satiety in healthy males and females aged 19 to 30 years.  By 

answering the research questions, this study added to the body of knowledge concerning 

the use of vinegar as a treatment for postprandial hyperglycemia and improved satiety.  A 

review of the literature will follow in chapter two, chapter three will elucidate the 

methodology used when conducting this study, chapter four will review the results, 

chapter five will provide a discussion, and chapter six will offer conclusions and 

recommendations. 



 

 

 
 
 
 
 
 

CHAPTER 2 
 
 
 

Review of the Literature 
 
 
 

The incidence of type 2 diabetes mellitus and pre-diabetes continues to grow at 

alarming rates, with an estimated 26.5 million Americans 20 years and older with 

diagnosed and undiagnosed diabetes mellitus in 2010 (CDC, 2011).  Vinegar 

consumption has become a topic of research regarding its use as a treatment for those at 

risk or diagnosed with pre-diabetes or type 2 diabetes mellitus.  The purpose of this study 

was to examine the effect of vinegar consumption on glycemic response and satiety in 

apparently healthy adults aged 19 to 30 years.  Variables to be reviewed include pre-

diabetes, diabetes mellitus, vinegar, glucose metabolism, gastric emptying, pancreatic 

function, insulin sensitivity, satiety, disaccharidase activity, and glycemic index. 

 
Blood Glucose 

 Glucose is the primary source of energy for the human body (Whitney & Rolfes, 

2008).  It comes from a variety of sources including food consumed, which constitutes 

the majority of the body’s fuel.  Blood glucose is the amount of glucose in the blood at 

any given time.  When carbohydrate-containing foods are consumed, they are broken 

down in the digestive tract to form glucose (Whitney & Rolfes, 2008).  Glucose then 
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enters the bloodstream causing an increase in blood glucose levels and providing fuel for 

the body.  This increase in blood glucose stimulates the pancreas to release the hormone 

insulin.  The purpose of insulin is to facilitate the transport of glucose into the cells of the 

body so it can be utilized as energy (Whitney & Rolfes, 2008).  A variety of factors 

influence the efficiency of this process, including age, weight, genetics, and race, which 

may increase the risk of developing pre-diabetes and type 2 diabetes mellitus.  According 

to the American Diabetes Association (ADA) (2011b) individuals are at greater risk for 

developing type 2 diabetes mellitus if they are over 45 years of age, have a family history 

of diabetes mellitus, are overweight, or are from certain racial groups including Non-

Hispanic Blacks, Hispanic/Latino Americans, Asian Americans, Pacific Islanders, 

American Indians, and Alaska Natives.  With increasing age, the pancreas releases 

insulin more slowly and glucose sensitivity decreases, inherently raising the risk for type 

2 diabetes mellitus (Tortora & Grabowski, 2003).  Excessive weight increases risk by 

proliferating the production of non-esterified fatty acids (NEFAs) that induce insulin 

resistance and lessen pancreatic beta-cell function (Kahn, Hull, & Utzschneider, 2006).  

Blood glucose is vital for life and may need to be monitored to appropriately manage the 

many factors that influence it. 

 
Pre-diabetes.  In 2011, the Centers for Disease Control and Prevention (CDC) 

(2011) estimated that 79 million adults in the United States had pre-diabetes.  According 

to the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK), pre-

diabetes is a state in which plasma glucose levels are elevated above normal but are not 

elevated enough to diagnose diabetes mellitus (CDC, 2011).  A diagnostic criterion for 
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pre-diabetes is a fasting blood glucose level of 100-125 mg/dL (ADA, 2010c).  Pre-

diabetes increases the risk for type 2 diabetes mellitus, heart disease, and stroke (CDC, 

2011).  Early diagnosis and treatment of pre-diabetes has the potential to delay the 

progression to type 2 diabetes mellitus and diabetes-related complications such as 

cardiovascular disease and microvascular disease (CDC, 2011). 

 
Diabetes mellitus.  Diabetes mellitus is a term referring to a set of diseases that 

affect how the body uses blood glucose.  In 2011, the CDC (2011) estimated that 26 

million Americans had diabetes mellitus.  Diabetes mellitus is diagnosed when fasting 

blood glucose levels are 126 mg/dL or higher on more than one occasion (CDC, 2011).  

Individuals with diabetes mellitus have high blood glucose levels because their body 

cannot proficiently move glucose from the bloodstream into fat, or muscle cells for use as 

energy or storage.  There are three primary types of diabetes mellitus type 1, type 2, and 

gestational diabetes mellitus.  The origins and risk factors for each type are distinctive 

(Mayo Clinic, 2011).   

 
Type 1 diabetes mellitus.  Type 1 diabetes mellitus is the result of the pancreas 

making little or no insulin.  This can transpire at any age but is frequently diagnosed in 

children, teenagers, or adolescents.  The cause of type 1 diabetes mellitus has not been 

identified but it is thought to be an autoimmune disorder erroneously damaging the beta 

cells of the pancreas (NIDDK, 2010).  This autoimmune disorder may be genetically 

transferred from parent to child (NIDDK, 2010).  These individuals will require insulin as 

part of their lifetime treatment to control blood glucose levels.   
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Type 2 diabetes mellitus. Type 2 diabetes mellitus is the most common type and 

is most frequently seen in adults, although it can be diagnosed at any age.  Unlike type 1 

diabetes mellitus, type 2 diabetes mellitus typically occurs gradually.  Individuals with 

type 2 diabetes mellitus make insulin but they may not make enough, their cells may be 

resistant to insulin’s action of moving glucose into the body’s cells, or they may suffer 

from a combination of these factors.  Genetics play a role in type 2 diabetes mellitus but 

excess weight, poor diet, and a sedentary lifestyle also contribute to the development of 

this chronic disease (NIDDK, 2010).  While insulin ultimately may be necessary for 

treatment of type 2 diabetes mellitus, there are a variety of other medications available 

that increase the body’s sensitivity to insulin minimizing the need for insulin injections 

such as Metformin (Bristol-Meyers Squibb Company, 2000).   

 
Gestational diabetes mellitus. Gestational diabetes mellitus is elevated blood 

glucose that occurs and is diagnosed during pregnancy in women that do not otherwise 

have diabetes mellitus.  Pregnancy hormones can inhibit insulin’s action in the body 

causing elevated blood glucose levels (NIDDK, 2010).  Women at increased risk for 

gestational diabetes mellitus include those who are older than 25 years of age, have a 

family history of diabetes mellitus, have given birth to a baby weighing more than nine 

pounds or had a birth defect, have glucose in their urine at prenatal doctors visits, have 

high blood pressure, have too much amniotic fluid, have had previous inexplicable 

miscarriage or stillbirth, or were overweight prior to pregnancy (NIDDK, 2010).  All 

women should be screened for gestational diabetes mellitus between the 24th and 28th 

week of pregnancy (Brown, 2011). 
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Vinegar 

Vinegar, a by-product from the fermentation of ethanol, has long been used in 

cooking, cleaning, and medical practice.  Today, the U.S. Food and Drug Administration 

(FDA) regulates the labeling of vinegar in the United States.  There are many different 

types of vinegar including malt, wine, apple cider, fruit, balsamic, rice, and distilled, to 

name a few.  Natural vinegar generally contains greater than 4 grams of acetic acid per 

100 mL, unless it has been diluted, which it should then be labeled as such (Food and 

Drug Administration, 1995).  The FDA has established a list of vinegar definitions to 

properly identify the many types of vinegar (FDA, 1995). Vinegar’s high acidity prevents 

the growth of bacteria, making it an exceptional food preservative (Vinegar virtues, 

1994).  As early as 5,000 BC, the Babylonians were using vinegar as a food preservative 

and condiment.  Americans used it during the Civil War as a remedy for scurvy and 

during World War I to treat wounds (The Vinegar Institute, n.d.).  Traditionally, vinegar 

has been used for a wide variety of home remedies from arthritis relief and blood thinners 

to the treatment of sprains and warts (Tyler, 1985). Medicinal uses also include curing 

colds, clearing sinuses, keeping the body functioning properly and preventing the 

occurrence of illnesses (Tyler, 1985).  Today, vinegar has been studied for its anti-

hyperglycemic properties (Johnston & Buller, 2005; Johnston, Steplewska, Long, Harris, 

& Ryals, 2010).  From the kitchen to the medicine cabinet, vinegar has had and continues 

to have many uses. 

 
Effects of vinegar on glucose metabolism.  While the mechanism of action is 

still unclear, there is an apparent impact on glucose metabolism by vinegar (Fushimi, et 
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al., 2001; Gu, et al., 2010; Johnston, et al., 2004; Johnston, et al., 2010; Leeman, et al., 

2005; Liljeberg & Bjorck, 1996; Ostman, et al., 2005; Salbe, et al., 2009).  Proposed 

theories regarding the mechanism of action include delayed gastric emptying, improved 

pancreatic function, improved insulin sensitivity, increased satiety, suppression of 

disaccharidase activity or reduction of glycemic index.   

 
Gastric emptying.  Gastric emptying rate has the potential to significantly impact 

glycemic response by either allowing food to quickly leave the stomach for absorption or 

by slowing the speed at which food is digested and absorbed. Fushimi et al. (2001) 

analyzed the effect of acetic acid on postprandial gastric emptying in rats.  Rats were 

given two grams of a diet containing 0, 0.1, 0.2, or 0.4 grams acetic acid per 100 grams 

diet for two hours.  Contents of the stomach and small intestine were gathered by 

washing with three and five milliliters of saline.  According to the authors, the various 

doses of acetic acid did not have an effect on gastric emptying.   

Liljeberg and Bjorck (1996) examined gastric emptying in healthy men and 

women aged 24 to 56 years to demonstrate that white vinegar reduced postprandial blood 

glucose.  Subjects consumed 122 grams of white wheat bread with vinaigrette made from 

20 grams white vinegar, 20 grams water, and 8 grams olive oil.  In addition, subjects 

consumed 23 grams of cheese.  During the 30 to 70 minute postprandial period, 

individuals who had consumed the meal with the vinegar had significantly lower blood 

glucose responses than individuals consuming the reference meal that did not contain 

vinegar.  The researchers concluded that the reduction in postprandial blood glucose was 

attributable to delayed gastric emptying due to lowered blood levels of their marker 
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paracetamol.  Paracetamol is an indirect indicator of gastric emptying rate that is rapidly 

absorbed in the upper portion of the stomach.  

Hlebowicz, Darwiche, Bjorgell, and Almer (2007) used apple cider vinegar in 

subjects diagnosed with type 1 diabetes mellitus and diabetic gastroparesis.  Men and 

women aged 57 to 79 years drank 30ml of apple cider vinegar every day for two weeks 

before gastric emptying was measured by real-time ultrasonography.  Subjects then 

consumed 30ml of apple cider vinegar combined with 200ml of water prior to consuming 

300 grams of rice pudding.  Gastric emptying rated was then measured by 

ultrasonography.  The researchers determined that apple cider vinegar significantly 

delayed gastric emptying when compared to the reference meal without vinegar.   

In sum, through these various methods of measurement, vinegar appears to reduce 

the glycemic response through delayed gastric emptying.   

 
Pancreatic function.  Pancreatic dysfunction is the cause of type 1 diabetes 

mellitus.  If pancreatic function could be improved or restored, then the individual may 

be able to be cured of type 1 diabetes mellitus.   

Gu et al. (2010) compared the impact of rice vinegar and water on blood glucose 

concentration in Streptozotocin (STZ) induced diabetic rats.  STZ-stimulated diabetic rats 

were fed white rice vinegar (WRV) or water, two milliliters per kilogram body weight, 

daily for one month.  Blood glucose was measured fasting and randomly by tail vein 

samples.  Islet number, islet mass, beta- and alpha-cell proportion was measured after one 

month.  Results indicated the rats that consumed 2ml/kg WRV daily for 1 month had 

improved blood glucose concentrations when compared to STZ rats consuming water. 
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The beta-cell fraction was significantly higher in the rats consuming WRV.  These results 

suggest that the effects of WRV should be studied in human pancreatic cells to identify 

its possible use in improving pancreatic beta-cell function in individuals with type 1 

diabetes, thus improving insulin production and therefore improving blood glucose 

concentrations. 

 
Insulin sensitivity.  Insulin sensitivity is highly variable among apparently 

healthy humans as well as those with type 2 diabetes mellitus (Reaven, 2005).  Johnston, 

Kim, & Buller (2004) demonstrated that apple cider vinegar has the ability to improve 

whole body insulin sensitivity.  In a cross-over trial, 11 subjects without diabetes but with 

varying degrees of insulin resistance and 10 individuals with type 2 diabetes consumed 

either 20 grams of apple cider vinegar combined with 40 grams of water and 1 teaspoon 

saccharine, or a placebo prior to a high carbohydrate test meal containing a white bagel, 

butter, and orange juice for a total of 87 grams of carbohydrate.  Blood samples were 

drawn fasting, and at 30 and 60 minutes postprandial.  Whole-body insulin sensitivity 

was calculated using a composite score.  Vinegar increased whole-body insulin 

sensitivity significantly in individuals with insulin resistance and slightly increased 

insulin sensitivity in those diagnosed with type 2 diabetes mellitus.  These results suggest 

that vinegar has the capacity to help control glycemic response by increasing insulin 

sensitivity in insulin resistant persons and individuals with type 2 diabetes. 

 
Satiety.  Although satiety is a subjective measure, it has great influence over the 

frequency, amount, and type of food consumed, which in turn affects blood glucose 

response. 	  Östman, Granfeldt, Persson, and Björck (2005) demonstrated the potential of 
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white vinegar to increase satiety after a bread meal.  Twelve healthy subjects consumed 

white wheat bread, containing 50 grams of carbohydrate, on four occasions either plain, 

or with 18, 23, or 28 grams of white vinegar.  Satiety was assessed on a rating scale from 

-10, extreme hunger, to +10, extreme satiety, at fasting, 15, 30, 45, 70, 90, and 120 

minutes.  Satiety ratings after ingestion of 28 grams of white vinegar were significantly 

higher at 30, 90, and 120 minutes (p < 0.05) than satiety ratings after the control meal.   

In contrast, Mettler, Schwarz, and Colombani (2009) found that 1.68 grams of 

acetic acid dissolved in a glucose drink did not influence satiety in 27 young, healthy 

subjects immediately after a meal consisting of 194 grams vanilla milk rice.  A 20 point 

satiety rating scale was administered to subjects to assess satiety at fasting, 15, 30, 45, 60, 

90, and 120 minutes.  The integrated area under the curve did not differ significantly 

between the control and acetic acid trials.  The differing meals and satiety scales make it 

difficult to determine the exact influence of vinegar on satiety. 

 
Disaccharidase activity.  A disaccharidase is a type of enzyme that digests 

disaccharides, producing monosaccharides ready for absorption.  Ogawa et al. (2000) 

hypothesized that disaccharidase activity may be suppressed by vinegar.  In an effort to 

understand how vinegar affects blood glucose, disaccharidase activity in Caco-2 (human 

colonic carcinoma) cells was examined.  Caco-2 cells were grown on a surface containing 

5 mmol/L of acetic acid.  Disaccharidase activity was measured by Dahlqvist’s method 

(Dahlqvist, 1964).  Acetic acid was found to significantly reduce sucrase, maltase, 

trehalase, and lactase activity (p < 0.01).  This suppression of disaccharidases could, in 

part, be responsible for the anti-hyperglycemic effect of vinegar. 
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Glycemic index.  The GI of a food is the incremental area under the blood 

glucose response curve stimulated by a 50 g available carbohydrate test food expressed as 

a percentage of the response after 50 g of glucose in the same subject (Wolever, 2011).  

Foods considered to be low GI foods have GI score of 55 or less, while high GI foods 

have a GI score greater than 70 (Wolever, 2011).  GI of foods can be useful in the 

management of blood glucose levels.  Krog-Mikkelsen et al. (2011) discovered that 

postprandial blood glucose levels were improved after ten weeks on a low GI diet 

compared to a high GI diet in healthy females.  With regard to vinegar, Leeman et al. 

(2005) determined that 28 g white vinegar combined with 8 g olive oil reduced the GI of 

potatoes by 43%.  Freshly boiled potatoes had a GI of 168, potatoes that were boiled and 

chilled had a GI of 125, while potatoes that were boiled, chilled, and combined with the 

vinegar mixture had a GI of 96.  They then determined that cold potatoes served with the 

vinaigrette significantly reduced glycemic responses at 15-45 and 90 minutes 

postprandially.  Liatis et al. (2010) recruited 16 subjects with type 2 diabetes mellitus and 

divided them into two groups matched for age, gender, and HbA1c levels.  One group of 

subjects consumed a GI meal on two occasions, with and without 20 g or wine vinegar.  

The second group consumed a low GI meal on two occasions, with and without vinegar.  

Liatis et al. found that 20 g of wine vinegar was sufficient to reduce postprandial 

glycemia in individuals with type 1 diabetes mellitus consuming the high GI meal.  The 

reduction in GI may be responsible for the anti-hyperglycemic effect of vinegar. 
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Summary 
 
While it is still unclear what vinegar’s exact mechanism of action is, there is 

sufficient evidence to suggest that vinegar could have a positive impact on individuals 

with insulin resistance and diabetes mellitus.  Continued research is necessary to 

determine how vinegar can best be used to help maintain appropriate blood glucose levels 

in individuals with diabetes or insulin resistance



 

 

 
 
 
 
 
 

CHAPTER 3 
 
 
 

Methodology 
 
 
 

 The intent of this study was to analyze the outcome of apple cider vinegar 

consumption on glycemic response and satiety in healthy males and females aged 19-30 

years.  This chapter provides details about the participants who were recruited for the 

original study, the instruments that were used, how the data was collected, and the 

statistical procedures that were used to determine significance.   

 
Institutional Review Board 
 
 Prior to beginning the original study investigating the effects of cinnamon and 

vinegar, the major professor submitted a proposal to the Ball State University 

Institutional Review Board (IRB) for approval (Appendix A-1).  The researcher was a 

graduate research assistant in the original study.  The researcher completed the 

Collaborative Institutional Training Initiative (CITI) training prior to the collection of 

data (Appendix A-2).  

 
Participants 

 Twenty-four apparently healthy men and women between the ages of 19-30 years 

were recruited to participate in the original study.  Prior to the start of the study, a Ball 
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State University statistician completed an a priori power analysis, with a 5 percent type 1 

error (alpha) and a 20 percent type 2 error (beta), to determine the appropriate sample 

size.  Volunteers were recruited from Ball State University Family and Consumer 

Science classes.  Exclusion criteria for apparently healthy individuals included 

individuals with known allergy to wheat, cinnamon, vinegar, and/or sucralose.  Pregnant 

women were excluded due to alterations in glucose metabolism.  Individuals with any 

known medical condition which could potentially affect blood glucose levels such as type 

1 or 2 diabetes mellitus, acromegaly, Cushing syndrome, impaired fasting glucose (pre-

diabetes), hyperthyroidism, pancreatic cancer, pancreatitis, pheochromocytoma, 

hypopituitarism, or hypothyroidism were excluded.  Interested participants signed a letter 

of consent prior to participation in the study (Appendix B).  Subject eligibility in the 

study was determined by an interview conducted by the major professor prior to 

participation.  At the interview age, weight, and body mass index (BMI) were assessed 

and recorded (Appendix C).  Once enrolled in the study, participants were instructed to 

maintain their typical diet and physical activity level throughout the study.   

 
Instruments 

 Blood glucose was monitored using Contour battery operated blood glucose 

meters with test strips via the finger prick method.  Blood sample sizes were 

approximately 0.6 microliters.  The manufacturer, Bayer (Bayer HealthCare, Tarrytown, 

NY) has predetermined validity and reliability of the Contour glucometer.  The accuracy 

of the Contour was assessed in a correlation study with the reference measurement done 

with the YSI glucose analyzer, (YSI Life Sciences, Yellow Springs, OH).  The 
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correlation coefficients in three separate lots were 0.972, 0.963, and 0.974 (Bayer 

HealthCare, 2008).  The manufacturer with the Contour and whole blood specimens 

previously conducted a precision study and the coefficient of variation on all five trials 

was less than 5% (Bayer HealthCare, 2008).  During the current study, the glucometers 

were automatically reset and self-calibrated between each blood glucose measurement. 

 Satiety was numerically assessed using a hunger/satiety scale (Appendix D) 

developed by Haber et al. (1977).  This scale ranges from minus 10, to represent painfully 

hungry, to plus 10, to represent full to nausea.  Subjects were shown the scale and asked 

to mark how they felt at fasting, 15, 30, 45, 60, 90, and 120 minutes. 

 Risk for pre-diabetes and type 2 diabetes mellitus was assessed using a general 

survey adapted from the ADA’s Diabetes Risk Test (2011a) (Appendix E).  The general 

survey was to be completed by the participants during one of the two test sessions.   

 
Collection of data 

 Other researchers have previously used the protocols and study design used in this 

study, therefore a pilot test was deemed not necessary.  The researcher, prior to the start 

of this study, trained research assistants on the appropriate protocol to accurately collect 

and record blood glucose and hunger satiety scores. The researcher and trained research 

assistants collected data during two, two-hour sessions, one with vinegar and one 

without, for each participant.  The study was conducted in a controlled setting ensuring 

that the test meals were consumed entirely, and that glucose and hunger satiety scores 

were measured in a timely fashion.  Sessions were held in the morning at Simpson 

Lounge located in the Applied Technology building at Ball State University.   



 19 

 

The protocol for the sessions was conducted as follows.  Participants were asked 

to fast for at least eight hours prior to their test sessions.  When the participant arrived, 

they were asked to sit at an assigned station with an assigned researcher or research 

assistant.  A fasting plasma glucose test was then measured and recorded.  The participant 

then consumed one of two test meals within 15 minutes.  The order of the two conditions 

was randomly determined for each participant using Research Randomizer (Urbaniak & 

Plous, 2012) before the test sessions began.  Test meal one contained a 50-gram 

carbohydrate meal, consisting of 78 g of Cream of Wheat instant cereal reconstituted with 

446 mL water, as well as a small beverage containing 30 mL water with one teaspoon 

sucralose and 30 mL apple cider vinegar.  Test meal two contained a 50-gram 

carbohydrate meal, consisting of 78 g Cream of Wheat instant cereal reconstituted with 

446 mL water, and a small beverage containing 60 mL water with one teaspoon of 

sucralose.  Participants were also provided 16 ounces (480 mL) of water to drink 

throughout the two-hour test period.  Subjects had the option of adding one teaspoon of 

sucralose to their farina if they desired.  Glycemic response and hunger satiety scores 

were measured and recorded at fasting, 15, 30, 45, 60, 90 and 120 minutes.  Blood 

glucose was measured by capillary finger prick.  Hunger satiety was assessed by having 

the participants mark on the scale how they were feeling.  Subjects were encouraged not 

to talk about their level of hunger or satiety to prevent influencing others responses.  

Blood glucose and hunger satiety scores were recorded on a numbered form for each 

participant; a sample of this form can be found in Appendix F.  The numbered forms 

referenced a master list including names and numbers that was only viewed by the major 

professor and the researcher.  The second session was at least seven days but no more 
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than two weeks after the first session.  During the second session, participants completed 

the general survey (Appendix E) that collected data to determine their risk for pre-

diabetes and type 2 diabetes mellitus.  During the test sessions participants were allowed 

to work on homework, watch television, or use their computer.  Aside from restroom 

breaks, subjects were asked to remain seated and sedentary during the test sessions.  

Participation was completely voluntary and participants could withdraw without penalty 

at anytime.  Benefits included a Target gift card valued at up to $20, individuals that 

withdrew early were given a prorated gift card.  All data was collected during the 2011 

spring semester at Ball State University. 

 
Statistical Procedure 

 Blood glucose values were measured in mg/dL and were converted to mmol/L by 

multiplying the measure value by 0.0555 (Johnston & Buller, 2005).  The area under the 

curve (AUC) for each subject was measured for blood glucose response and hunger 

satiety score using Wolever’s method (Wolever, Jenkins, Jenkins, & Josse, 1991).  Paired 

T-tests were performed to determine if there was a significant difference between 

glycemic response without apple cider vinegar and glycemic response with apple cider 

vinegar within the same subject at all time points.  All statistical procedures were 

performed using Statistical Package for the Social Sciences (SPSS) 19.0 software (SPSS 

Institute, Chicago, IL) and statistical significance was determined if a p value was less 

than or equal to 0.05.  The Bonferroni correction method was used to correct the alpha 

level for each family of analyses conducted.  Families analyzed included six paired T-

tests for blood glucose AUC and hunger satiety AUC, as well as paired T-tests for each 
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time point for blood glucose concentrations and hunger satiety means.  Therefore, 

statistical significance was determined if a p value was less than or equal to 0.008 (alpha 

divided by the number of T-tests in each family; 0.05 / 6).  Effect size in the present study 

was measured using Cohen’s D.  Cohen’s D was calculated by the University of 

Colorado Colorado Springs online calculator (Becker, 2000). 

 
Summary 

 Through the methods previously described, the researcher investigated the effect 

of apple cider vinegar on blood glucose response and satiety in apparently healthy young 

males and females.  This was accomplished using data from subjects who participated in 

two separate feedings; one without apple cider vinegar and one with apple cider vinegar, 

with measurement of glucose response and satiety over a two-hour period.  Statistical 

significance was determined using AUC and paired T-tests and practical significance was 

evidenced by Cohen’s D.  This study added to the body of knowledge surrounding apple 

cider vinegar and the growing epidemic of insulin resistance. 



 

 

 
 
 
 
 
 

CHAPTER 4 
 
 
 

Results 
 
 
 
Subjects  
 
 Twenty-four men and women between the ages of 19 and 30 years were recruited 

to participate in this study.  Nine subjects chose not to complete the study due to an 

inability to consume the test meals in the allotted time frame.  Fifteen subjects (14 

women and 1 man) completed the study successfully. The mean age of the subjects was 

20.7 ± 1.9 years and the mean body mass index (BMI) was 25.1 ± 4.6.  The majority 

(93%) of the subjects did not have a family history of type 2 diabetes mellitus.  All of the 

participants were Caucasian and only one participant (7%) had previously developed 

gestational diabetes during pregnancy.  Over half (60%) of the participants reported 

participating in physical activity 5-7 days per week.  Based on the ADA Diabetes Risk 

Test (2011a) most (87%) of the subjects were at low risk for pre-diabetes and type 2 

diabetes mellitus. 

 
Postprandial Blood Glucose Response 

 A comparison of mean blood glucose concentration at individual time points 

following the meal with vinegar and the plain meal is displayed in Figure 1.  Mean blood 
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glucose concentrations are displayed in Table 1.  There were no significant differences in 

mean blood glucose levels with or without vinegar at all individual time points (Figure 

1).  Table 2 presents blood glucose areas under the curve (AUC) for both test meals.  

There were no significant differences after Bonferroni adjustment was employed in blood 

glucose AUC between the plain meal and the meal with vinegar.  Cohen’s d indicated 

small effect sizes at 0, 15, 30, and 45 minutes (d= -0.04 – 0.04), while effect size was 

medium at 60 (d= 0.5), 90 (d= 0.05), and 120 (d= -0.06) minutes for mean blood glucose 

concentrations. 

 
Satiety 

 Figure 2 presents mean hunger satiety scores at individual time points.  Mean 

hunger satiety scores were not significantly different after Bonferroni correction was 

employed between the plain meal and the meal with vinegar at all time points.  Repeated 

measures analysis revealed that hunger satiety AUC at was not significantly different 

following the meal with vinegar compared to the plain meal (Table 3).  Cohen’s d 

indicated large effect sizes at all time points for hunger satiety AUC. 

 
Summary 

 Results from the current study found that there were no significant differences in 

glycemic response between the dietary conditions.  This study also found that there were 

no significant differences in hunger satiety scores with the consumption vinegar when 

compared to hunger satiety scores without vinegar consumption. 
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Figure 1 
 
Mean Blood Glucose Concentration 
 

 
Data are means ± SD.  n = 15 
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Table 1 
 
Mean Blood Glucose Concentrations 
 
Time (minutes) Plain (mmol/L) Vinegar (mmol/L) p Cohen’s d 
0 4.7 ± .5 4.7 ± .7 .893 -0.04 
15 5.9 ±.8 5.6 ± 1.2 .194  0.3 
30 7.5 ± 1.2 7.0 ± 1.8 .219  0.4 
45 8.2 ± 1.6 7.8 ± 1.9 .409  0.2 
60 8.2 ± 1.6 7.4 ± 1.6 .105  0.5 
90 6.5 ± 1.0 6.1 ± .6 .154  0.5 
120 5.3 ± .6 5.8 ± .9 .101 -0.6 
 
All values are mean ± SD. n = 15. 
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Table 2 
 
Mean Blood Glucose Areas Under the Curve (AUCs) 
 
AUC	  	   Plain	  (mmol	  �	  min/L	  ±	  SD)	   Vinegar	  (mmol	  �	  min/L	  ±	  SD)	   p	   Cohen’s	  

d	  
0-‐15	  min	   8.7	  ±	  5.1	   6.9	  ±	  6.1	   .313	   0.3	  
0-‐30	  min	   37.0	  ±	  15.5	   30.6	  ±	  20.2	   .279	   0.4	  
0-‐45	  min	   82.4	  ±	  27.3	   70.9	  ±	  38.6	   .299	   0.3	  
0-‐60	  min	  	   134.0	  ±	  42.7	   114.6	  ±	  55.2	   .221	   0.4	  
0-‐90	  min	  	   212.1	  ±	  66.6	   176.3	  ±	  72.9	   .119	   0.5	  
0-‐120	  min	   248.1	  ±	  80.6	   214.2	  ±	  75.7	   .215	   0.4	  
 
All values are mean ± SD. n = 15. 
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Figure 2 
 
Mean Hunger Satiety Scores 
 

 
 
Data are means ± SD. n = 15 
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Table 3 
 
Mean Hunger Satiety Score Areas Under the Curve (AUCs) 
 
AUC	  	   Plain	   Vinegar	   p	   Cohen’s	  

d	  
0-‐15	  min	   50.5	  ±	  23.7	   71.0	  ±	  22.8	   .038	   -‐0.9	  
0-‐30	  min	   150.3	  ±	  70.9	   202.5	  ±	  72.8	   .076	   -‐0.7	  
0-‐45	  min	   243.5	  ±	  116.7	   317.8	  ±	  127.5	   .127	   -‐0.6	  
0-‐60	  min	   325.8	  ±	  162.4	   424.5	  ±	  181.9	   .145	   -‐0.6	  
0-‐90	  min	  	   467.8	  ±	  253.9	   628.5	  ±	  288.9	   .129	   -‐0.6	  
0-‐120	  min	   599.3	  ±	  343.7	   818.5	  ±	  393.3	   .126	   -‐0.6	  
 
All values are mean ± SD; n = 15 



 

 

 
 
 
 
 
 

CHAPTER 5 
 
 
 

Discussion 
 
 
  

The purpose of this study was to examine the effects of apple cider vinegar on 

blood glucose and satiety in young, apparently healthy adults.  This chapter discusses the 

findings of the current study in comparison to other research that has been conducted on 

vinegar and its effects on blood glucose and satiety.  The present study indicated that 

apple cider vinegar did not have an anti-hyperglycemic effect on postprandial blood 

glucose.  In addition, this study found that apple cider vinegar did not have a significant 

prolonged effect on postprandial satiety.   

 
Limitations 

 The current study had several limitations.  First, this study had a small sample size 

and participants were only recruited from Family and Consumer Sciences classes at Ball 

State University, so they may not be representative of the general population.  Of the 

participants recruited, only one male completed the study.  The participants were all 

Caucasian, non-diabetic, and most (97%) were not classified as obese based on their 

BMI.  The overnight fast was self-reported and therefore had the potential for inadequate 

fasting time prior to the study visits.  In addition, exercise and the evening meal prior to 
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the study visits were not controlled, allowing for some variability that could influence 

blood glucose. While it was verified that participants consumed the vinegar, many of the 

participants found it to be quite unpalatable.  In order to provide 50 grams of 

carbohydrate, 78 grams of farina must be consumed and quite a few of the participants 

found it difficult to consume such a large volume of food.  Several of the participants 

commented that it was easier to complete the test meal on return visits, which may have 

influenced their hunger satiety scores during the second test session.  Finally, whole 

blood samples could have improved the precision of this study but were not feasible.   

 
Anti-hyperglycemic Effect of Vinegar in Healthy Adults 

It has been suggested that vinegar has an anti-hyperglycemic effect and may be 

useful in the treatment of pre-diabetes and diabetes mellitus (Johnston & Buller, 2005; 

Johnston, et al., 2010; Leeman, et al., 2005; Liatis, et al., 2010; Mettler, et al., 2009; 

Mitrou, et al., 2010; Ostman, et al., 2005; White & Johnston, 2007).  Johnston et al. 

(2010) found that 2 tsp (~10g) of apple cider vinegar reduced postprandial glycemia by 

approximately 20% compared with the placebo in healthy adults. These findings are 

consistent with Leeman et al. (2005) who found that the addition of 28 g white vinegar 

and 8 g olive oil to potatoes significantly reduced acute glycemic response in healthy 

individuals.  Ostman et al. (2005) provided healthy subjects with 18, 23, and 28 g white 

vinegar with a 50 g white wheat bread meal.  They concluded that there was an inverse 

dose-response correlation between the vinegar dose and the degree to which blood 

glucose was reduced.  The results from these studies indicated that vinegar significantly 

reduced postprandial blood glucose levels. 
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The research presented in the current study contradicted much of the previous 

research and demonstrated that 30 mL of apple cider vinegar did not have a postprandial 

anti-hyperglycemic effect in healthy adults.  The current study is consistent with the 

findings from Salbe et al. (2009), who demonstrated that apple cider vinegar (20 mL and 

40 mL) did not attenuate postprandial blood glucose responses to a test meal providing 

0.75 g of carbohydrate per kilogram.  In fact, Salbe et al. (2009) found that blood glucose 

AUC was significantly (p < .001) greater than the placebo.  In addition, Johnston et al. 

(2010) found that 20 g apple cider vinegar did not produce significant differences in 

postprandial glycemia in comparison to the placebo when added to a meal containing 75 

g carbohydrate.  Overall, the available research remains conflicted on whether or not 

vinegar has an anti-hyperglycemic effect in healthy adults.  These conflicting results may 

be related to inadequate statistical power.  The effect sizes in the current study suggest 

possible type II error as the cause for statistical non-significance.  Also, the various types 

of vinegar could play a role in the different results of previous research.  Each type of 

vinegar is made from the fermentation of different ingredients such as apples, grapes, or 

rice.  Therefore, while acetic acid is present in all of these vinegars, there may be other 

compounds present that effect blood glucose in some but not all types of vinegar.  In 

addition, the differing quantities of vinegar used and variation in test meal content may 

account for conflicting findings.   

 
Anti-hyperglycemic Effect of Vinegar in Individuals with Diabetes Mellitus 

 For individuals with diabetes mellitus, management of postprandial glycemia is of 

high importance.  In contrast to the results observed in the present study, recent research 
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indicates various types of vinegar may assist in the management of blood glucose.  White 

and Johnston (2007) concluded that 2 tablespoons of apple cider vinegar with one ounce 

of cheese at bedtime significantly reduced waking blood glucose in individuals with type 

2 diabetes mellitus.  Mitrou et al. (2010) found that 30 mL of vinegar served with a meal 

containing 75 g of carbohydrate significantly reduced blood glucose AUC in individuals 

with type 1 diabetes mellitus compared to the placebo.  Liatis et al. (2010) found that 20 

g of wine vinegar reduced postprandial glycemic response in individuals with type 2 

diabetes mellitus when it was added to a high glycemic index (GI) meal (GI = 86).  While 

the results from these studies suggest that vinegar may be useful in the management of 

postprandial blood glucose in individuals with diabetes mellitus, there is not sufficient 

evidence to recommend adding vinegar for the specific purpose of reducing postprandial 

blood glucose.   

 
Glycemic Index  

Recent research has indicated that the addition of vinegar may reduce the GI of 

high GI foods (Leeman, et al., 2005; Liatis, et al., 2010).  Liatis et al. (2010) determined 

that 20 g wine vinegar reduced postprandial blood glucose elevation in high (GI = 86) but 

not low (GI = 38) GI foods in individuals with type 2 diabetes mellitus.  In addition, 

Johnston & Buller (2005) found that the addition of 20 g apple cider vinegar with 1 tsp 

saccharine to a high glycemic index meal (GI = 96) significantly reduced postprandial 

glycemia in healthy subjects, but vinegar did not significantly reduce postprandial 

glycemia with a lower glycemic index meal (GI = 91).  Although the results from the 

present study did not show a significant reduction in blood glucose when 30 mL of 
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vinegar were consumed, these studies indicate that vinegar may be useful in the 

management of blood glucose by reducing glycemic response.  Foster-Powell, Holt, and 

Brand-Miller (2002) determined the GI of Cream of Wheat instant cereal to be 74.  It is 

possible that the GI of Cream of Wheat instant cereal was not high enough for vinegar to 

have a significant lowering effect.  Therefore, in the current study blood glucose levels 

were not significantly reduced by the addition of apple cider vinegar. 

 
Glycemic Load 

Glycemic load (GL) indicates carbohydrate quality and quantity and is a measure 

of glycemic response (Wolever, 2011).  Consistent consumption of a high GL diet has 

been correlated with an increased risk of developing type 2 diabetes mellitus (Foster-

Powell, et al., 2002).  Johnston and Buller (2005) determined that the addition of 20 g 

apple cider vinegar with 1 tsp saccharine to a high GL meal (GL = 81) significantly 

reduced postprandial glycemia in healthy subjects, but vinegar did not significantly 

reduce postprandial glycemia with a low glycemic load meal (GL = 48).  Liatis et al. 

(2010) found that wine vinegar reduced postprandial glycemia to a meal with a GL of 44 

but not to meal with a GL of 20.  Leeman et al. (2005) also found that they were able 

significantly reducing the GL of boiled potatoes from 84 to 48 by cooling them and 

adding white vinegar, which reduced the glycemic response to the meal.  These results 

suggest that the anti-hyperglycemic effect of vinegar may be related to the glycemic load 

of the meal.  The current study used a meal with a lower glycemic load of 37 (Foster-

Powell, et al., 2002).  It is therefore possible that the glycemic load of the current test 

meal was too low for vinegar to have a significant anti-hyperglycemic impact.   
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Timing of vinegar intake 

Timing of vinegar ingestion may play a role in the effect it has on postprandial 

blood glucose response.  Depending on the mechanism of action, which remains 

uncertain, vinegar may influence blood glucose with immediate or delayed meal 

consumption.  In 2007, White and Johnston had participants consume two tablespoons of 

apple cider vinegar with one ounce of cheese at bedtime and fasting blood glucose was 

measured the following morning.  Ingestion of vinegar reduced fasting blood glucose 4% 

compared to a 2% reduction by water and cheese.  Researchers concluded that vinegar 

consumption at bedtime improved morning blood glucose levels in individuals with type 

2 diabetes mellitus.  In contrast, Johnston et al. (2010) demonstrated that 20 g of red 

raspberry vinegar moderately attenuated postprandial glycemia in healthy adults when 

consumed just prior to a meal compared to 5 hours prior to meal. These studies suggest 

that vinegar consumption with a meal may reduce blood glucose response.  More 

research should be done to determine the effects of vinegar consumption prior to a 

delayed meal. 

 
Satiety 

Increased satiety can facilitate blood glucose control by reducing the amount and 

frequency of meal intake.  Johnston and Buller (2005) observed that study participants 

consumed 200-275 kcal less when 20 g apple cider vinegar with 40 g water and 1 tsp 

saccharine was consumed with bagel, butter, and juice providing 87 g carbohydrate.  

Though the decrease in caloric intake was not statistically significant, it could still be 

helpful in the management of blood glucose levels.  Ostman et al. (2005) found a dose-
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response correlation between the level of vinegar consumed and increased hunger satiety 

scores.  Study participants were served 18, 23, or 28 g white vinegar with 50 g available 

carbohydrate from white wheat bread.  Hunger satiety scores were found to be 

significantly higher with 28 g of vinegar than the control meal at 30, 90, and 120 minutes 

postprandially.  Mettler et al. (2009) determined that when combined with cinnamon, 28 

g of acetic acid increased hunger satiety scores at 15 and 30 minutes for a meal 

containing 75 g carbohydrate but did not significantly increase incremental AUC.  These 

findings oppose the results of the current study that observed a significant difference in 

satiety only at 15 minutes after the meal.  While the current study did not find statistical 

significance, the effect size for hunger satiety scores was quite large suggesting possible 

hunger suppression following the ingestion of vinegar with a meal.  In general, it appears 

that vinegar has the capacity to increase the satiating power of a meal.  Variations in 

these results may be related to differences in participant interpretation of the scales. 

 
Summary 

The results of the current study refute much of the previous research surrounding 

vinegar’s effects on postprandial blood glucose and satiety.  While the present study did 

not elucidate the mechanism of action of vinegar, it added to the body of knowledge 

examining the possible anti-hyperglycemic effects of vinegar.  The results of this study 

may not tell the whole story behind vinegar’s possible use as an anti-hyperglycemic aid.  

This could be in part due to the fact that the sample was a rather young and healthy group 

at low risk for pre-diabetes and type 2 diabetes mellitus.  In addition, despite not finding 

any statistical significance, vinegar had a moderate treatment effect on blood glucose in 
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the later postprandial period, suggesting the potential for relatively large declines in 

postprandial glycemic response.  Vinegar also had a large treatment effect on hunger 

satiety at all time points indicating possible suppression of hunger following vinegar 

consumption.



 

 

 
 
 
 
 
 

CHAPTER 6 
 
 
 

CONCLUSIONS AND RECOMMENDATIONS 
 
 
 

Summary 
 
 The purpose of this study was to analyze the effects of apple cider vinegar on 

postprandial blood glucose and satiety in young, apparently healthy adults.  Based on the 

results of this study, it appears that 30 mL of apple cider vinegar does not attenuate the 

postprandial elevation in blood glucose or increase postprandial satiety.  Overall, the 

current research indicates that there is not sufficient evidence to suggest that vinegar 

should intentionally be consumed for the purpose of reducing postprandial glycemia in 

healthy adults.  For individuals with diabetes mellitus, vinegar may be useful for 

postprandial blood glucose control when consuming a high glycemic load meal.  There is 

also insufficient evidence that vinegar should be incorporated into one’s diet for the 

purpose of increasing satiety.   

 
Recommendations for Future Research 

More research is needed to better understand the effects vinegar has on satiety and 

blood glucose levels.  Based on the findings of the current study the following 

recommendations are made: 
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§ Focus on vinegar’s effects on individuals with pre-diabetes and diabetes 

mellitus, particularly when consuming high GL meals.  In general, foods 

with a GL greater than 20 are considered high GL foods (Harvard School 

of Public Health, 2012).  While Cream of Wheat would be considered a 

high GL food, it may not be high enough for vinegar to have a significant 

anti-hyperglycemic effect.   

§ Future research should attempt to find a way to serve vinegar that is 

palatable and practical in the general population.  This would provide 

consumers with realistic and useful guidance on how to incorporate 

vinegar into their diet for the purpose of reducing postprandial blood 

glucose responses. 

§ Have subjects participate in a pre-study session to introduce the test meal 

and testing instruments.  This could reduce possible influence on satiety 

rating that may have been experience by the participants in the current 

study 

§ Increase the sample size to increase the effect size and capture a better 

representation of the broader population. 
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APPENDIX B 

Informed Consent 
Study Purpose and Rationale 
 
Previous research has shown the benefits of ground cinnamon on blood glucose levels in 
healthy adults, although it’s unclear whether cinnamon influences feelings of 
hunger/fullness.  There is some evidence that vinegar may also improve blood glucose 
levels and influence feelings of hunger/fullness.  There is very little research looking at 
the combined effects of cinnamon and vinegar on blood glucose and feelings of 
hunger/fullness. 
 
The purpose of this study is to explore the combined effects of 30 ml vinegar and 6 g 
ground cinnamon on blood glucose levels and feelings of hunger or fullness after a meal 
in healthy adults. 
 
Inclusion/Exclusion Criteria 
 
 
To be eligible to participate in this research, you must be between the ages of 19 and 30; 
have no known allergies to wheat, cinnamon or vinegar; not pregnant; be willing to 
provide blood samples via finger prick, and have no known medical condition which 
would effect blood glucose levels (i.e. type 1 or type 2 diabetes, Cushing syndrome, 
impaired fasting glucose /pre-diabetes, hyperthyroidism, hypothyroidism , pancreatitis, 
pheochromocytoma or hypopituitarism).  You may be excluded after the initial screening 
if you do not meet these inclusion/eligibility criteria.   
 
 
Participation Procedures and Duration 
 
You will be asked to meet with the research staff for 10-15 minutes to sign an informed 
consent document, complete a prescreening form and to discuss and answer questions 
about the study. You may be excluded from the study after the initial screening if you do 
not meet the inclusion criteria.  
 
Once enrolled, you will be asked to visit the Nutrition Assessment Lab for 2 ½ hours on 
four different occasions, at least 7 days apart. You will be asked to maintain your typical 
diet and physical activities throughout the study, and fast for at least 8 hours prior to each 
study visit. At the beginning of the first visit, you will complete a survey to collect 
information on demographics, physical activity, family history of type 2 diabetes, 
personal history of hypertension and/or any known allergy to wheat, cinnamon, vinegar 
or sucralose (Splenda).  
 
During each visit, you will be given one of four test meals in random order followed by 7 
blood glucose measurements and 7 assessments of hunger/satiety over a 2-hour period. 
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The total participation time for the entire study will be 10 hours.  The test meals will be 
as follows: test meal one (60 ml water with 1 tsp sucralose followed by 300 g of farina), 
test meal two (60 ml water with 1 tsp sucralose followed by 300 g farina with 6 g of 
ground cinnamon), test meal three (30 ml water and 30 ml apple cider vinegar with 1 tsp 
sucralose followed by 300 g farina) and test meal four (30 ml water and 30 ml apple cider 
vinegar with 1 tsp sucrolose followed by 300 g farina with 6 g of ground cinnamon) .  
You will be allowed to use up to 1 packet of sucralose (Splenda) sweetener in the test 
meal and consume up to 2 cups (16 oz/480 ml) of water during the study period if 
desired. You will be asked to consume the test meal within 15 minutes.  
 
Capillary finger prick will be used to collect blood for analysis of blood glucose levels.  
You will also be asked to rate your feelings of hunger/satiety using a numerical scale. 
 
Upon arrival at the lab, you will be asked to sit at an assigned station.  Once you are 
comfortable, a blood sample will be obtained by capillary finger prick to assess fasting 
blood glucose.  You will then be asked to consume a test meal within a 15-minute period.  
Additional blood samples will be obtained at 15, 30, 45, 60, 90 and 120 minutes. 
 
During the study visit, you may do homework, watch a movie, listen to music and/or use 
your computer. However, with the exception of restroom breaks, you must remain seated 
and sedentary during the study visit.   
 
Data Confidentiality or Anonymity 
 
All data will be maintained as confidential and no identifying information such as names 
will appear in any publication or presentation of the data. Once the informed consent 
document has been signed, you will be assigned a unique identifier. This unique identifier 
or code number will be used for all study related forms, including screening forms and 
data collection forms. You will be assigned a study identification number for the study; 
all data will be collected and stored under your identification number, not your name.  
 
Storage of Data  
 
The key/master list containing your name and code number will be stored in the primary 
investigator’s locked office in a locked file cabinet.  This master list will be destroyed 
after data collection has been concluded and compensation has been distributed.  All 
study forms, including completed screening and data collection forms, will also be stored 
in the primary investigator’s locked office in a locked file cabinet for three years and will 
then be shredded.  The de-identified data will be entered into an Excel spreadsheet; this 
electronic data will be stored on the primary investigator’s password-protected computer 
with a backup copy on iLocker.  Data will be presented only in aggregate; no individual 
data will ever be released.  Only members of the research team will have access to the 
data. 
 
Risks or Discomforts  
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The research is of minimal risk to you. You may experience mild discomfort from the 
pricking of your finger to determine your blood glucose level. In the unlikely event of an 
allergic reaction, emergency medical treatment is available if you become injured or ill 
during your participation in this research project. You will be responsible for the costs of 
any medical care that is provided. If any injury or illness occurs in the course of your 
participation in this research project, please seek treatment as appropriate and notify the 
research staff as soon as possible. The research staff will immediately contact 911 for 
emergency care, if needed. 
 
There is a possibility that having your finger pricked to determine your blood glucose 
level may evoke some feelings of anxiety.  If you experience anxiety during the study, 
report it to the research staff; you can choose to stop your participation at any time. In the 
unlikely event that you should feel any anxiety or uncomfortable feelings resulting from 
the finger prick counseling services are available to you through the Counseling Center at 
Ball State University (765-285-1376), and will be referred by the research staff. You will 
be responsible for the costs of any care that is provided [note: Ball State students may 
have some or all of these services provided to them at no cost].   
 
It is understood that in the unlikely event that treatment is necessary as a result of your 
participation in this research project that Ball State University, its agents and employees 
will assume whatever responsibility is required by law. 
 
Benefits and Incentives  
 
By participating in this study, you may benefit by learning more about your blood 
glucose levels and glucose metabolism in general.  You will be given a fact sheet about 
blood glucose and a chart showing your blood glucose response during the study period.  
  
In addition, you will receive a Target gift card valued at up to $20 in compensation for 
your time.  Because the study includes 4 study visits, the compensation will be prorated 
(in $5 increments) if you choose not to complete all study visits. 
 
Voluntary Participation  
  
Your participation in this study is completely voluntary, and you are free to withdraw 
your permission at anytime for any reason without penalty or prejudice from the 
investigator.  Please feel free to ask any questions of the primary investigator before 
signing this form and at any time during the study. 
 
IRB Contact Information  
 
For your rights as a research subject, you may contact the following: Research 
Compliance, Sponsored Programs Office, Ball State University, Muncie, IN 47306, (765) 
285-5070, irb@bsu.edu. 
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Consent 
 
I, _______________________________, agree to participate in this research project 
entitled, “Combined Effects of Vinegar and Cinnamon on Postprandial Blood Glucose 
and Satiety.”  I have had the study explained to me, and my questions have been 
answered to my satisfaction.  I have read the description of this project and give my 
consent to participate.  I understand that I will receive a copy of this informed consent 
form to keep for future reference. 
 
To the best of my knowledge, I meet the inclusion/exclusion criteria for participation 
(described on the previous page) in this study and do not have any known allergies to 
wheat, cinnamon, vinegar or sucralose. 
 
 
________________________________   _________________ 
 
Participant’s Signature     Date 
 
 
Researcher Contact Information 
 
Primary Investigator:     Research Staff: 
 
Jo Carol Chezem, PhD, RD    Laura Bollinger 
Associate Professor      Graduate Research Assistant 
Family and Consumer Science   Family and Consumer Sciences 
Ball State University     Ball State University 
Muncie, IN  47306     Muncie, IN 47306  
Telephone: ((765)285-5959    Email:  lebollinger@bsugmail.net 
Email:  00jcchezem@bsu.edu 
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APPENDIX C 
Prescreening Form 

 
Age: ________ 
 
Sex:     M /   F   
 
Height: ________________  
 
Weight: _______________           BMI: ____________ 
 
Calculation for BMI (body mass index):      Wt (lbs) / Ht (in) ²)   x 705 
 
 

1. Are you currently pregnant?  
  
 ____ No   ____Yes  
 

2. Do you have any known allergy to wheat, cinnamon, vinegar or sucrolose 
(Splenda)?  

  
 ____ No   ____Yes  
 

3. Do you currently have any known medical condition which would effect your 
blood glucose levels? (i.e. type 1 or type 2 diabetes, a, Cushing syndrome, 
impaired fasting glucose (also called "prediabetes"), hyperthyroidism, 
pancreatitis, pheochromocytoma (very rare), hypopituitarism, hypothyroidism)   
 
____ No   ____Yes 
 

4. Are you comfortable providing blood samples by capillary finger prick? 
 

____ No   ____Yes 
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APPENDIX D 
Hunger/Satiety Scale
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APPENDIX E 
General Survey 

Participant #: _________________ Date____/_____/_______  
 
Ht:____ Wt: ____ BMI: ___ Gender: ___ Male ___ Female Age:______  
 
If female, have you ever developed diabetes in pregnancy?* 
 ____ No ____ Yes ____ Doesn’t apply 
 
In a typical week, how often do you take part in physical activities. 
(Examples: walking, jog- ging, bike riding or anything that increases your 
heart rate). 
____ None ___ 3-4 days/week ___ 1-2 days/week ___ 5-7 days/week 
 
On days when you take part in physical activity, you usually spend 
______minutes in this activity. 
 
Compared with most men or women your age, would you say that you are.*  
 ____ More active ____ Less active ____ About the same 
 
Do you currently have any known allergy to wheat, cinnamon, vinegar or 
sucrolose (Splenda)?  
____ No ____Yes 
 
Have you ever been told by a doctor or other health professional that you 
had hypertension, also called high blood pressure?* 
 ____ No ____ Yes 
 
To your knowledge, have your mother, father, brother(s) and/or sister(s) 
been diagnosed with type 2 diabetes? If yes please select all that apply: 
____ Mother ____ Sister(s) 
____Father ____ Brother(s)  
 
What race or ethnicity best describes you?* 
___ White/Caucasian ___ Black/African American 
___ Hispanic ___ Native American ___ Asian ___ Other 
 
* From http://www.diabetes.org/diabetes-basics/prevention/diabetes-risk-test/ 
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APPENDIX F 
Data Collection Sheet 

 
Study Number:____________________  Test Meal:____________________ 
 
Testing Time 
 
 

Actual Time Hunger/Satiety 
Score 

Blood Glucose 

 
0 Minutes 
Fasting 
 

 
_______________ 

 
  

 

 
15 Minutes 
 
 

 
_______________ 

 
 

 

 
30 Minutes 
 
 

 
_______________ 

 
  

 

 
45 Minutes 
 
 

 
_______________ 

 
 

 

 
60 Minutes 
 
 

 
_______________ 

 
 

 

 
90 Minutes 
 
 

 
_______________ 

 
 

 

 
120 Minutes 
 
 

 
_______________ 

  

 
 


