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ABSTRACT 

JENNIFER T. LEE 

EFFECT OF CALCIUM-FORTIFIED CEREAL BARS ON DIETARY 

CALCIUM INTAKE IN WOMEN 

 

DECEMBER 2014 

 This study aimed to determine if consuming calcium-fortified whole grain cereal 

bars will improve dietary calcium intake in women, and decrease risk of osteoporosis 

development.  In this randomized controlled crossover study, 35 healthy women above 

age 18 in Houston, Texas, in either Group I or II received two Kellogg’s Nutri-Grain® 

cereal bars daily during a 3-week intervention period and ate their usual diet for three 

weeks (control) after a 3-week baseline period.  Dietary intakes were estimated from 3-

day diet and supplemental diaries.  Wilcoxon signed-rank test was used for within group 

and Mann Whitney U test for between group comparisons.  Dietary calcium intake was 

significantly higher during intervention (1071 mg per day) than baseline (720 mg per day, 

p<0.0001) or control (775 mg per day, p=0.0001).  No previous studies have used this 

study bar.  Findings may advance current research on feasible ways to obtain adequate 

calcium intake to improve bone health. 
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CHAPTER I 

INTRODUCTION 

Osteoporosis is a skeletal disorder pertaining to the deterioration of bone mass 

and tissues, leading to increased bone fragility and risk of fracture.  According to the 

National Osteoporosis Foundation (NOF), it is a major public health issue affecting about 

57 million Americans, where 9 million individuals are estimated to have the disease and 

about 48 million individuals are at risk with low bone density (NOF, 2013).  The 

progression of osteoporosis can be controlled through changeable factors such as diet and 

exercise (Villareal et al., 2003).  While exercising may help alleviate the burden on bones 

through muscle development, consuming an adequate amount of dietary calcium had 

been shown to have a beneficial effect on bone growth and maintenance (Chapuy et al., 

1992).  Even with high consumption of milk and dairy products, most individuals have an 

inadequate calcium intake (Albertson, Tobelmann, & Marquart, 1997).  As a result, non-

dairy products that may potentially increase calcium intake have become the focus of 

recent research.  This study aimed to determine the effect of calcium-fortified whole 

grain cereal bars on dietary calcium intake. 

Purpose of the Study 

The purpose of this study is to determine if consumption of the calcium-fortified 

whole grain cereal bars will increase dietary calcium intake in women and be a potential 

way to help prevent osteoporosis.  This study hypothesized that consuming the Kellogg’s 

Nutri-Grain® cereal bars will increase calcium intake in healthy women above age 18. 
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Null Hypothesis 

The null hypothesis is that the consumption of calcium-fortified cereal bars, 

Kellogg’s Nutri-Grain® cereal bars, by healthy women will not increase daily calcium 

intake. 

Definitions 

Osteoporosis – bone mass density of ≥2.5 standard deviations (SD) below the average 

value for young healthy women (World Health Organization [WHO], 2007). 

Osteopenia – t-score at the femoral neck of between –1.0 SD and –2.5 SD below the 

young female adult mean (WHO, 2007). 

Body mass index (BMI) – a measure of weight in kilograms divided by height in meters 

squared (kg/m
2
); used to classify individuals into the following categories: 

Underweight: BMI ≤18.5 

Normal Weight: BMI 18.6 to 24.9  

Overweight: BMI 25 to 29.9 
 

Obesity: BMI ≥30.0  

(Centers for Disease Control and Prevention [CDC], 2014). 

Estimated Average Requirements (EAR) – average daily nutrient intake level estimated 

to meet the requirements of half of the healthy individuals in a group (Institute of 

Medicine [IOM], 2006). 

Recommended Dietary Allowance (RDA) – the average daily dietary nutrient intake that 

is sufficient to meet the nutrient requirement of most (97-98%) healthy individuals in a 

particular life stage and gender group (IOM, 2006). 
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Adequate Intake (AI) – used when an RDA cannot be determined; recommended average 

daily intake based on approximations or estimates that is assumed to be adequate to cover 

the needs of all healthy individuals in the groups (IOM, 2006). 

Tolerable Upper Intake Level (UL) – highest average daily nutrient intake level not likely 

to pose potential risk of adverse health effects to almost all individuals in the general 

population (IOM, 2006). 

Dietary Reference Intakes (DRI) – nutrition reference values intended to serve as a guide 

for good nutrition in the US and Canada; comprise of the EAR, RDA, AI, and Tolerable 

Upper Intake Level (UL) (IOM, 2006). 

Daily Value (DV) – a reference value to report the amount of nutrients present in a food 

based on a caloric intake of 2,000 calories (kcal), for adults and children four or more 

years of age. (U.S. Food and Drug Administration [FDA], 2013) 

Whole grain – contain all of the essential parts and naturally-occurring nutrients of the 

entire grain seed in their original proportions (Whole Grains Council, 2004). 

Dietary fiber – consist of non-digestible carbohydrates and lignin that are intrinsic and 

intact in plants (National Research Council [NRC], 2001). 

Fortified – contain ≥10% DV (FDA, 2013) 

Excellent Source – contains ≥20% DV (FDA, 2013) 

Good Source – contain 10 to 19% DV (FDA, 2013) 

Assumptions 

1. All participants knew how to speak, read, and write in English. 
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2. All participants were able to comprehend and complete 3-day diet and supplement 

diaries. 

3. All participants were not pregnant or planning on becoming pregnant during the 

course of the study. 

4. All participants were able to consume Kellogg’s Nutri-Grain® cereal bars. 

5. All participants were not regularly consuming two Kellogg’s Nutri-Grain® cereal 

bars per month, or not taking calcium supplements or calcium-containing 

medications. 

6. All participants were healthy women who did not have liver disease, kidney 

disease, gastrointestinal disease (celiac disease, ulcerative colitis, or Crohn’s 

disease), a history of bariatric surgery, or have had a major cardiovascular event 

(stroke or myocardial infarction) 

7. All participants were not undergoing cancer treatment with the exception of non-

melanoma cancer, following a weight-controlled diet, a disease specific diet, or a 

vegan diet, having a diagnosed eating disorder, or being allergic to any of the 

ingredients in the study bar. 

Limitations 

1. Participants may not be representative of all females. 

2. Diet assessed using 3-day diet and supplement diaries may not be representative 

of normal food intake. 

3. This study did not control participants’ the usual diet intake. 

4. This study did not assess bone mass density status or calcium absorption. 
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5. The Nutrition Data System for Research 2011 used to analyze the dietary records 

may not provide complete and accurate nutrition information. 

6. This 9-week feeding study does not assess long-term habitual change in diet. 

Significance of the Study  

This study evaluated whether the intake of calcium-fortified whole grain cereal 

bars will increase dietary calcium intake in healthy women.  Consuming Kellogg’s Nutri-

Grain® cereal bars may be a feasible way to obtain additional calcium sources in the 

daily intake.  The findings from this study may help further current investigation on ways 

to obtain adequate calcium intake and potentially prevent osteoporosis. 
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CHAPTER II 

LITERATURE REVIEW 

Prevalence of Osteoporosis 

Osteoporosis is a major public health concern.  According to the NOF (2013), 

osteoporosis affects over 57 million individuals.  Approximately 9 million of these 

individuals currently have the disease and about 48 million are at risk with low bone 

density (NOF, 2013).  Osteoporosis is a symptomless “silent disease” where the bone loss 

often went undetected until a fracture occurs.  It has the literal meaning of “porous bone.”  

The minerals and proteins that make up the inner structure of the bone is progressively 

loss overtime.  The bones become thin and porous as bone mineral density decreased.  

This leads to increased bone fragility and risk of fracture.   

Risk Factors 

Osteoporosis is defined in terms of bone mass density (BMD) and skeletal 

deterioration of bone tissues.  The WHO classified osteoporosis as more than 2.5 SD 

below the mean peak BMD of healthy 30-year old women as assessed by standardized 

BMD measurements (WHO, 2007).  Low BMD is a risk factor of osteoporotic fractures.  

Studies showed that decreased BMD results in increased risk of fracture (Bauer et al., 

1999; Marshall, Johnell, & Wedel, 1996).  Regular BMD measurement may help evaluate 

strength of bones, determine risk of fracture, and allow early detection of osteoporosis.   

Total BMD is only one component in assessing fracture risk.  All factors that 

contribute to risk of osteoporotic fracture should be taken into consideration in order to 
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accurately assess the development of osteoporosis.  There are both changeable and 

unchangeable risk factors.  Unchangeable risk factors include age, gender, bone frame 

size, ethnicity, family history, certain medical conditions and medications.  Changeable 

risk factors largely pertain to diet and physical activity.  Research had been focused on 

identifying changeable risk factors that could help decrease individual’s risk of fractures. 

Dietary Calcium 

Calcium is an important component of the skeletal system in maintaining bone 

health and preventing osteoporosis.  However, most adult women do not consume an 

adequate amount of this nutrient (Bailey et al., 2010).  The current recommendation for 

calcium intake is the amount required to maintain an adequate rate of calcium retention in 

bones of healthy individuals based on gender and age.  While the RDA established by the 

Food and Nutrition Board of the IOM is 1000 milligrams (mg) of calcium per day for 

women between the ages 19 to 50, and 1200 mg per day for women above age 50, most 

women in this category fail to reach this level (IOM, 2006; NRC, 2011).  In general, 

women are more susceptible to bone loss and have a lower calcium intake compared to 

men.  Based on the dietary data from the National Health and Nutrition Examination 

Survey (NHANES) 2003-2006, Bailey et al. (2010) found that over 70% of women 

between the ages of 18 and 50 without supplement use had a total dietary calcium intake 

below the recommended amount.  Maintaining an adequate calcium intake is especially 

important for women in this category for osteoporosis prevention.  This proposed study 

will target women over the age of 18 years without calcium supplement use. 



 

 8 

Dairy products have been well established in providing abundant amounts of 

dietary calcium.  Fleming and Heimbach (1994) demonstrated that dairy products 

supplied at least 50% of the total dietary calcium intake.  This included milk, yogurt, 

cheese, and any milk-based products such as ice cream and puddings.  However, even 

when the predominant sources of dietary calcium are dairy products, the total dietary 

calcium intake can be inadequate (Alaimo et al., 1994; Albertson et al., 1997). Dietary 

calcium from non-dairy sources, such as those from natural sources and products fortified 

with calcium, has gained much attention as a possible means to increase calcium intake.   

Calcium can be obtained from non-dairy products.  They are naturally found in 

sardines, spinach, kale, and some fruits.  In addition, there had also been an increased in 

the availability of calcium-fortified foods (Forshee, Anderson, & Storey, 2006).  Many 

fruit juice beverages, soy products, margarines, ready-to-eat cereals, snack bars, and pasta 

products are now commonly fortified with calcium (Olson, Chung, Reckase, & Schoemer, 

2009).  Fleming and Heimbach (1994) also found that about 12% of the total dietary 

calcium intake was contributed by grain products, about 6% was obtained from fruits and 

vegetables, and the remainder from meat, legumes, and other sources.  With the growing 

awareness of the importance of calcium in osteoporosis prevention, studies that seek to 

improve dietary calcium intake through consuming non-dairy products are being 

conducted.  

Since a wide variety of calcium-fortified food products are currently available for 

the convenience of the public, studies have examined the effect of the various calcium-

fortified food products as ways to increase daily calcium intake.  Ho et al. (2005) 
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demonstrated that the consumption of calcium-fortified soymilk providing 600 mg per 

day by adolescent girls resulted in increased dietary calcium intake, bone mineral density, 

and bone mineral content at the hip.  They found that the average calcium intake 

increased from about 500 to 550 mg per day at baseline to close to the recommended 

level.  Zemel, Richards, Mathis, Milstead, Gebhardt, and Silva (2005) reported a 

significant increase in average daily calcium intake from about 500 to 1100 mg per day 

when participants consumed three servings of calcium-fortified yogurt daily, providing 

600 mg per day of calcium, for twelve weeks.  In addition, consumption of beverages 

fortified with calcium, such as fruit juice, resulted in greater calcium absorption 

compared to a similar intake of calcium from dairy products (Miller et al., 1988; Smith, 

Heaney, Flora, & Hinders, 1987).  Furthermore, Haub et al. (2005) demonstrated that the 

consumption of calcium-fortified beverages for 12 months increased the calcium to 

protein ratio by two fold; an increase of this level may be protective against osteoporosis 

and other diseases.  The current proposed study will help further elucidate the effect of 

consuming the calcium-fortified food product, Kellogg’s Nutri-Grain® cereal bars, on 

dietary calcium intake. 

Vitamin D 

Vitamin D plays an important role in osteoporosis prevention.  This contributes to 

its functions of promoting calcium absorption and maintaining adequate serum calcium 

and phosphorous concentration in the body (Pettifor & Prentice, 2011).  Adequate 

vitamin D may help preserve BMD and bone strength.  The body absorbs about 10% of 

calcium consumed when vitamin D is limited, compared to about 30-40% when vitamin 
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D is available (Wagner & Greer, 2008).  A low vitamin D level in the body may result in 

low calcium even with adequate intake.  As a result, research studies often examine 

vitamin D conjointly with calcium. 

Vitamin D can be obtained through the diet or synthesized by the body when 

exposed to ultraviolet light from sunlight.  However, it is generally challenging to 

quantify the amount of vitamin D that could be produced by the skin.  Also, since there is 

an increased risk for skin cancer with prolonged exposure to the sun, the preferred 

method would be to obtain vitamin D from diet.  The RDA of vitamin D for women 

between ages 19 to 70 is 15 micrograms (mcg) daily, and the DV is 10 mcg per day 

(NRC, 2011; FDA, 2013).  Dietary sources of vitamin D include fatty fish such as salmon, 

tuna, and mackerel, and fish liver oil.  The majority of dietary vitamin D is obtained from 

fortified diary, yogurt, orange juice, and some ready-to-eat cereals.  Egg yolk, beef liver, 

and cheese also contain small amounts.  Although Kellogg’s Nutri-Grain® cereal bars 

does not contain dietary vitamin D, it is important to also assess participants’ overall 

dietary vitamin D intake for a comprehensive overview of this intervention in 

osteoporosis prevention. 

Whole Grain 

Interest has been shown in regards to increasing dietary calcium intake through 

consumption of whole grain products since some grain products provide a source of 

bioavailable calcium.  A study by Ahmed, Anjum, Rehman, Randhawa, and Farooq 

(2008) demonstrated that the added calcium in whole wheat chapattis was more 

bioavailable than that in unfortified products.  Also, Weaver, Heaney, Martin, and 
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Fitzsimmons (1991) reported significantly higher calcium absorption (59 to 64%) from 

whole wheat bread (0.817 millimole) compared to milk (0.589 millimole) at a 

comparable calcium load, and concluded that the phytate and fiber in whole-wheat 

products did not reduce calcium absorbability relative to milk.  The results suggested that 

whole grain products provide a good amount of dietary calcium that may help individuals 

reach the calcium requirement.   

While some studies found whole grain products to be a promising source of 

calcium, other studies showed phytate in whole grain products to be an inhibitor of 

mineral absorption (Gibson, 1994; Gibson, Perlas, & Hotz, 2006; Pallauf, Pietsch, & 

Rimbach, 1998).  Phytate may form insoluble complexes with certain minerals such as 

zinc, iron, and calcium (Wise, 1995).  In general, the molar ratio of phytate-to-mineral is 

often used to estimate the mineral bioavailability in diet (Morris & Ellis, 1989).  While a 

phytate-to-calcium molar ratio of 0.2 or higher is considered to have a negative impact on 

calcium balance, Adeyeye, Arogundade, Akintayo, Aisida, and Alao (2000) found that 

whole wheat cereal has a ratio of about 1.7.  However, Weaver et al. (1991) found that 

this ratio decreased from 1.22 to 0.14 when wheat bran cereal is consumed with other 

food items, suggesting that the calcium bioavailability may depend on the total phytate 

contents of the entire meal.  Also, it has been pointed out that the phytate:calcium molar 

ratio may not accurately predict the calcium bioavailability because the formation of the 

insoluble complexes may depend on many conditions such as pH, temperature, ion 

charges, food processing, and cooking methods (Dendougui & Schwedt, 2004; Ma et al., 

2005).  Furthermore, Davidsson et al. (1996) found that the calcium absorption for infants 
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remained high, at about 60%, even though the phytate content in their cereal-based foods 

is high.  This suggested that the calcium deficiency observed in adults may be due to low 

intake rather than poor absorption (Hurrell, 2003).  Cleveland, Moshfegh, Albertson, and 

Goldman (2000) found significantly higher (p<0.05) calcium intake in those who 

consumed ≥3 servings (422 mg per 1000 kcal) and >0 servings (398 mg per 1000 kcal) of 

whole grains per day compared to non-whole grain consumers (344 mg per 1000 kcal).  

This proposed study will focus on increasing calcium intake through consumption of a 

whole grain product.  Particularly, this study will use the calcium-fortified whole grain 

cereal bars that may potentially increase the total calcium intake in adult women.   

Dietary Fiber 

Mixed results had been reported regarding the effect of fiber on calcium 

absorption.  Vermorel et al. (2004) reported an increase in calcium absorption when 

given with a high-dose wheat dextrin supplement.  Moreover, Bosscher, Van Caillie-

Bertrand, Van Cauwenbergh, and Deelstra (2003) and Scholz-Ahrens and Schrezenmeir, 

(2002) found that consuming soluble fiber enhanced calcium absorption.  However, other 

studies found inconsistent results (Coudray et al., 1997; Tahiri et al., 2001; van den 

Heuvel, Schaafsma, Muys, & van Dokkum, 1998).  Knox et al. (1991) suggested that 

high fiber intake decreased calcium absorption in the elderly population.  Several studies 

also reported decreased calcium absorption when consuming fiber from wheat bran, but 

not from green leafy vegetables such as kale, broccoli, and bok choy (Heaney, Weaver, 

Hinders, Martin, & Packard, 1993; Weaver et al., 1991; Weaver, Heaney, Teegarden, & 

Hinders, 1996).   
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The inconsistent results may largely pertain to the various types of fiber in 

different foods.  Fiber is categorized into either soluble or insoluble based on its 

dissolubility in water.  Insoluble fiber such as cellulose and wheat bran can pass through 

the intestine without being digested.  This may result in decreased calcium absorption by 

speeding up transit time of intestinal content and forming insoluble complexes with 

calcium (Heaney, 2001; Weaver et al., 1996).  On the other hand, bacteria in the colon 

may breakdown soluble fiber such as wheat dextrin, pectin, fructo-oligosaccharides, and 

psyllium.  This subsequently stimulates epithelial cell growth and decreases pH in 

stomach, leading to increased food breakdown and calcium availability for absorption 

(Cummings, Rombeau, & Sakata, 1995; Demigne, Levrat, Younes, & Remesy, 1995; 

Park & Floch, 2007; Scholz-Ahrens & Schrezenmeir, 2007; Tahiri et al., 2003; Wong, de 

Souza, Kendall, Emam, & Jenkins, 2006). 

It has been speculated that foods with higher fiber content are more likely to be a 

poor source of calcium compared to foods with less fiber.  However, dietary fiber at the 

recommended intake as part of a balanced diet has not been found to adversely affect the 

calcium status of healthy individuals (Trumbo, Schlicker, Yates, & Poos, 2002).  The 

recommended daily intake of fiber for women between ages 19 and 50 is about 25 grams 

(g) per day.  On average, Americans only eat about 15 g per day (Slavin, 2008).  Less 

than 5% of Americans consume dietary fiber at the AI (Alaimo et al., 1994).  Kellogg’s 

Nutri-Grain® whole grain cereal bar provides a good source of fiber (3 g per bar, 10% 

DV).  An adequate fiber intake may have health benefits without having to compromise 

calcium absorption.  This study will also examine participants’ dietary fiber intake. 
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Calcium Fortification 

Several studies explored the possibility of consuming whole grain products with 

added calcium to increase dietary calcium intake, particularly cereal products (Abrams, 

Griffin, Davila, & Liang, 2001; Ekbote et al., 2011; Gao, Wilde, Lichtenstein, & Tucker, 

2006; Zemel, 2002).  Typically, one slice of whole wheat bread can provide about 2% of 

the DV for calcium (20 mg), whereas one serving of calcium-fortified breakfast cereal 

product may provide up to 100% (1000 mg) of the DV for calcium.  Ekbote et al. (2011) 

reported an increase in dietary calcium intake in children consuming calcium-fortified 

cereal based snacks.  In addition, Abrams et al. (2001) suggested that the use of these 

products may be a practical way to increase calcium intake in children between the ages 6 

and 9 years.  The present study aims to further the current research by determining 

whether Kellogg’s Nutri-Grain® cereal bars, a calcium-fortified whole grain product, 

will increase dietary calcium intake.  Kellogg’s Nutri-Grain® cereal bars provides 200 

mg of calcium per serving.  Consumption of this product may be a possible convenient 

and practical solution to increase daily calcium intake.  To the best of the author’s 

knowledge, this study has not been conducted before.   
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CHAPTER III 

METHODS 

Participants 

Forty participants were recruited through flyers posted on bulletin boards in the 

building of Texas Woman’s University, Houston Center, and several shuttle stops in the 

Texas Medical Center in Houston, and through ClinicalTrials.gov of the U.S. National 

Institutes of Health (NIH).  Inclusion criteria were healthy women above age 18 years, 

able to speak, read, and understand English, and able to consume Kellogg’s Nutri-Grain® 

cereal bars.  Exclusion criteria were consumption of calcium supplements or calcium-

containing medications, regular consumption of two Kellogg’s Nutri-Grain® cereal bars 

per month, pregnant or planning to become pregnant during the course of the study, 

having liver disease, kidney disease, gastrointestinal disease (celiac disease, ulcerative 

colitis, or Crohn’s disease), or a history of bariatric surgery, having had a major 

cardiovascular event (stroke or myocardial infarction), undergoing treatment of cancer 

with the exception of non-melanoma cancer, following a weight-controlled diet, a disease 

specific diet, or a vegan diet, having a diagnosed eating disorder, or being allergic to any 

of the ingredients in the study bar. 

Potential participants who showed an interest were asked if they were willing to 

meet with the researcher once every three weeks during this nine-week study.  An 

informed consent form was given to each potential participant to notify her of the purpose, 
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as well as the potential risks and benefits of the study.  The principal investigator kept the 

original completed consent form, and a copy was given to the participant. 

Study Design 

This study used a randomized controlled crossover design.  During the first 

meeting (T1) after completion of the informed consent, the participants were randomly 

assigned into either Group I or II by a random draw from a hat.  Twenty people 

maximum were allowed in each group.  All participants were told to consume their usual 

diet for three weeks to determine baseline intake.  The second meeting was held after the 

baseline period.  During the second meeting (T2), each participant in Group I was 

provided with 42 Kellogg’s Nutri-Grain® cereal bars and was asked to consume 2 bars 

per day for the following three weeks.  This provides an additional of about 40% of the 

DV of calcium (200 mg per bar) per day for women aged 18 and above.  Table 1 shows 

the energy, calcium, vitamin D, and fiber content in a study bar. 

Table 1 

Energy, Calcium, Vitamin D, and Fiber Content of Kellogg’s Nutri-Grain® Cereal Bar 

 Content per bar
b
 % DV 

Energy 120 kcal - 

Calcium 200 mg 20 

Vitamin D
a
 - - 

Fiber 3 g 10 

Notes: 
a
Study bar contains an insignificant amount of dietary vitamin D, 

b
values based 

on the manufacturer information. 

 

The participants in Group II were asked to continue consuming their usual diet 

during the second three-week period.  The diets of the two groups were switched for the 

last three-week period.  During the third meeting (T3) held after the second three-week 

period, participants in Group I were asked to consume their usual diet, while participants 
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in Group II were provided with 42 bars each and were asked to consume 2 bars per day 

during the last three-week period.  The fourth and last meeting (T4) was held after the last 

three-week period.  Figure 1 shows the flowchart of participants’ progress through this 

study.   

 
 

Switching diets between the groups allowed each participant to serve as her own 

control.  This could be used to counterbalance the order effect.  Data on age, ethnicity, 

height, and weight were recorded at T1, and weight will be measured again at T2, T3, and 

T4.  A $20 gift certificate was given to participants who completed the study. 

Dietary Records 

Dietary records were kept as three-day diet and supplement diaries (3DS).  The 

3DS consisted of two nonconsecutive weekdays and one weekend day.  Each participant 

completed one form during weeks 2, 5, and 8 of the study.  Empty forms were provided 
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during each meeting, and the completed forms were returned to the principal investigator 

during the subsequent meeting.  The forms asked for the specific brand name, amount, 

type of content, and the time when each food item or supplement was consumed.  

Participants kept a checklist of the numbered bars consumed during the period when they 

are provided with the bars.  The completed checklist form was also returned to the 

principal investigator during the subsequent meeting along with any uneaten bars.  The 

principal investigator periodically made phone calls and emails to the participants to 

ensure the adherence to the diets and to answer any questions or concerns the participants 

may have had regarding the study. 

Dietary Analysis 

 The completed 3DS were analyzed using the Nutrition Data System for Research 

(NDSR) program developed by the University of Minnesota (Nutrition Coordinating 

Center, 2011).  This program provided data on the intake of energy and various nutrients. 

This study analyzed participants’ dietary intake of energy, and calcium, vitamin D, and 

fiber. 

Statistical Analysis 

 Data were analyzed using statistical software, Stata® version 11.2.  The Shapiro-

Wilk test was used to test normality of the data.  This is a common test used for checking 

normality of data, and it is useful for data from a small sample size.  The data of this 

study were not normally distributed.  Therefore, the Wilcoxon signed-rank test was used 

for within group comparisons and the Mann Whitney U test was used for between group 

comparisons.  The Wilcoxon signed-rank test is a statistical nonparametric hypothesis test 
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equivalent to the dependent or paired t-test for normally distributed data.  This test does 

not assume normality and is used for comparing two sets of related data from the same 

participants.  The Mann Whitney U test is a statistical hypothesis test for nonparametric 

independent data.  It is equivalent to the unpaired t-test for two independent samples.  

The Chi-squared test was used to analyze categorical data.  The data are considered 

statistically significant if p<0.05. 
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CHAPTER IV 

RESULTS 

Demographic Characteristics 

A total of 40 individuals signed the consent form to participate in this study, but 

only 35 participants completed the study.  Five individuals dropped out (12.5%) due to 

reasons unrelated to the study design.  The age, ethnicity, height, and initial weight were 

not significantly different between dropouts and participants who completed the study.   

Participants identified themselves as non-Hispanic White (34%), Asian (46%), 

non-Hispanic Black (14%), or Hispanic (6%).  The average age was 27.8 years; age 

ranged between 21 and 58 years.  The average weight (kg) at initial, baseline, end of 

intervention, and end of control was 57.5, 57.4, 58.2, and 57.7, respectively.  The average 

BMI (kg/m
2
) at initial, baseline, end of intervention, and end of control was 22.1, 22.1, 

22.4, and 22.2, respectively.  No significant changes in weight and BMI were found 

during the course of this study.  The compliance was 98.6% in consuming the study bars. 

Participants were randomly distributed into Group I (n=18) or Group II (n=17) at 

the beginning of the study.  No significant differences were found in ethnicity, age, 

height, weight, and BMI between the two groups.  The average age (28.2 years) and 

range (22 to 58 years) of participants in Group I was not significantly different compared 

to the average age (27.3 years) and range (21 to 49 years) of participants in Group II.  

The average weight (kg) at initial, baseline, intervention, and control in Group I was 55.9, 

55.7, 56.7, and 56.2, respectively; while in Group II was 59.1, 59.1, 59.6, and 59.1, 
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respectively.  Participants were compliant to consuming the study bars in Group I (98.1%) 

and Group II (99%).  Table 2 shows the baseline characteristics of participants who 

dropped out of the study, all participants, and participants in Group I and Group II. 

Table 2 

Demographic Characteristics of All Study Participants, Drop-outs, and Participants in 

Group I and Group II. 

 Drop-outs Combined
a
 Group I Group II p

b 

Participants (n) 5 35 18 17  

Drop-out (n) 5 5 2 3  

Age (years) 25.0±2.3 27.8±7.9 28.2±8.6 27.3±7.4 0.5717 

Height (cm) 157.5±3.7 161.3±5.7 160.1±4.2 162.5±6.9 0.1790 

Averaged Weight (kg)      

Initial 53.8±4.4 57.5±10.7  55.9±9.8  59.1±11.8  0.4476 

Baseline - 57.4±10.7 55.7±9.8  59.1±11.6  0.3907 

Intervention - 58.1±10.7 55.9±7.1 59.1±11.5  0.4476 

Control - 57.6±10.6 56.2±9.5  59.1±11.7  0.5413 

BMI (kg/m
2
)      

Initial 21.7±1.6 22.0±3.6 21.8±3.1 22.4±4.1 0.4476 

Baseline - 22.0±3.6 21.7±3.1 22.4±4.1 0.3907 

Intervention - 22.3±3.5 22.1±3.2 22.6±3.9 0.4985 

Control - 22.1±3.5 21.9±3.0 22.4±4.1 0.5413 

Ethnicity (n), (%)        0.5370 

Non-Hispanic White
c
 0 (0) 12 (34) 6 (33) 6 (35) 0.9030 

Non-Hispanic Black 1 (20) 5 (14) 2 (11) 3 (18) 0.5810 

Hispanics 2 (20) 2 (6) 2 (11) 0 (0) 0.1570 

Asians 3 (60) 16 (46) 8 (44) 8 (47) 0.8770 

Taking Supplements 

(n, %) 
- 6 (17.1) 3 (16.7) 3 (17.6) 0.9390 

Compliance (%) - 98.57±6.2 98.2±7.9 99.0±4.0 0.9673 

Notes: Unit±SD;
 a
participants in Group I and Group II combined,

 b
p-value shows 

statistical significance between Group I and Group II by Mann Whitney U test for 

quantitative data and Chi-squared test for categorical data, 
c
Lebanese is considered as 

Non-Hispanic White 

 

Table 3 shows the number and percentage of all participants, and participants in 

Group I and Group II classified as underweight, normal weight, overweight, and obese.  

Participants in Group I showed no weight category changes throughout the study.  Two 



 

 22 

participants in Group II showed changed in weight category.  One participant 

experienced an increase in weight from being underweight at initial measurement (48.4 

kg, BMI 18.3) to normal weight (49.3 kg, BMI 18.7) in control.  Another participant 

experienced weight increased slightly from normal weight at initial measurement (52.9 

kg, BMI 24.8) to overweight (53.18 kg, BMI 25.0) at baseline, then returned to normal 

weight (52.27 kg, BMI 24.5) at the end of study.  No significant difference (p>0.05) was 

found in weight and BMI within each group during the study. 

Table 3 

All Study Participants, and Participants in Group I and Group II Classified as 

Underweight, Normal Weight, Overweight, and Obese. 

 Underweight
a 

 
Normal Weight

b
 Overweight

c
 Obese

d
 

Combined (n=35)     

Initial 5 (14) 24 (69) 5 (14) 1 (3) 

Baseline 4 (11) 25 (71) 5 (14) 1 (3) 

Intervention 4 (11) 25 (71) 5 (14) 1 (3) 

Control 

 

4 (11) 24 (69) 6 (17) 1 (3) 

Group I (n=18)     

Initial 2 (11) 13 (72) 3 (17) 0 (0) 

Baseline 2 (11) 13 (72) 3 (17) 0 (0) 

Intervention 2 (11) 13 (72) 3 (17) 0 (0) 

Control 

 

2 (11) 13 (72) 3 (17) 0 (0) 

Group II (n=17)     

Initial 3 (18) 11 (65) 2 (12) 1 (6) 

Baseline 2 (12) 11 (65) 3 (18) 1 (6) 

Intervention 2 (12) 12 (71) 2 (12) 1 (6) 

Control 2 (12) 11 (65) 3 (18) 1 (6) 

Notes: Unit in n (%); body mass index (kg/m
2
) 

a
<18.5, 

b
18.5-24.9, 

c
25-29.9, or 

d
≥30 

 

Dietary Intake 

This study examined the average energy, calcium, vitamin D, and fiber intake of 

participants at baseline, intervention, and control (Table 4).  The average daily energy 
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(kcal) intake of all participants at baseline, intervention, and control were 1734, 1789, 

and 1789, respectively.  No significant difference was found in the average daily energy 

intake between baseline, intervention, and control.  The average daily calcium intake 

during intervention (1071 mg per day) was significantly higher compared to baseline 

(720 mg per day, p<0.0001) and control (775 mg per day, p=0.0001).  However, calcium 

intake was not significantly different (p=0.4915) between baseline and control.  Daily 

dietary fiber intake was also significantly higher at intervention (23 g per day) compared 

to baseline (19 g per day, p=0.0007) and control (19 g per day, p=0.0056).  Daily vitamin 

D intake at intervention (3.3mcg per day) was significantly lower compared to baseline 

(4.78 mcg per day, p=0.0122) and control (4.39 mcg per day, p=0.0134).  No statistical 

significance (p=0.9217) was found in vitamin D intake between baseline and control. 

Table 4 

Average Energy, Calcium, Vitamin D and Fiber Intake of All Study Participants, 

Participants Not Accounted for Study Bars, and Participants in Group I and Group II 

at Baseline, Intervention, and Control Not Accounted for Supplementation. 

 
Baseline Intervention Control 

Energy (kcal/d)       

Combined
a 
(n=35) 1740±531 1789±492 1789±579 

Excluded
b
 (n=35) - 1550±490 - 

Group I (n=18) 1639±445 1726±441 1742±552 

Group II (n=17) 1842±616 1852±543 1817±606 

p1
e
 0.2618 0.3908 0.8689 

p2
f
 - 0.0139 - 

    

Calcium (mg/d)       

Combined
a 
(n=35)

 
720±256 1070±369 775±347 

Excluded
b
 (n=35) - 675±363 - 

Group I (n=18) 714±296 1044±321
cd

 768±339 

Group II (n=17) 725±216 1097±417
cd

 783±355 

p1
e
 0.6921  0.9737 0.8173 

p2
f
 - <0.0001 - 
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Table 4. 

Continued.    

Vitamin D (mcg/d)       

Combined
a 
(n=35)

 
4.8±3.6 3.3±2.7 4.4±3.0 

Excluded
b
 (n=35) - 3.3±2.7 - 

Group I (n=18) 5.0±4.2 3.3±2.8 4.3±3.0 

Group II (n=17) 4.6±3.0 3.3±2.7 4.5±3.0 

p1
e
 1.0000 0.8045 0.5974 

p2
f
 - 1.0000 - 

    

Fiber (g/d)       

Combined
a 
(n=35)

 
18.7±9.6 22.7±8.0 19.3±9.2 

Excluded
b
 (n=35) - 16.8±8.7 - 

Group I (n=18) 16.7±7.1 20.4±4.7
cd

 16.9±6.4 

Group II (n=17) 20.8±12.0 25.0±11.3
c 

21.6±11.9 

p1
e
 0.4000 0.4478 0.4283 

p2
f
 - 0.0001 - 

Notes: Data written as mean±SD; 
a
participants in Group I and Group II combined, 

b
participants’ intake not accounted for study bars,

 c
statically significant (p<0.05) 

between baseline and intervention by Wilcoxon signed-rank test,
 d

statistically 

significant (p<0.05) between intervention and control by Wilcoxon signed-rank test, 
e
statistical significance between Group I and Group II by Mann Whitney U test, 

f
statistical significance between Excluded and Combined by Mann Whitney U test. 

 

In Group I, no significant differences (p>0.05) were found in the daily energy 

intake between baseline (1639 kcal), intervention (1726 kcal), and control (1742 kcal).  

Dietary calcium intake was significantly higher in intervention (1044 mg per day) 

compared to baseline  (714 mg per day, p=0.0003) and control (768 mg per day, 

p=0.0156), but no significant difference (p=0.7439) was reported between baseline and 

control.  The dietary fiber intake at intervention (20.4 g per day) is also significantly 

higher than at baseline (16.7 g per day, p=0.0156) and control (16.9 g per day, p=0.0198), 

but not between baseline and control (p=0.8107).  Dietary vitamin D intake was not 
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significantly different (p>0.05) between baseline (5 mcg per day), intervention (3.33 mcg 

per day), and control (4.29 mcg per day).  

In Group II, the average energy intake was not significantly different (p>0.05) 

between baseline (1842 kcal), intervention (1852 kcal), and control (1817 kcal).  The 

calcium intake at intervention (1097 mg per day) was significantly higher compared to 

baseline (725 mg per day, p=0.0003) and control (783 mg per day, p=0.0005), but not 

(p=0. 5862) between baseline and control.  No significant differences (p>0.05) were 

found in vitamin D intake between baseline (4.55 mcg per day), intervention (3.26 mcg 

per day), and control (4.49 mcg per day).  Finally, dietary fiber intake in intervention 

(25g per day) was significantly higher (p=0.0168) compared to baseline (20.8 g per day), 

but not (p=0.0929) control (21.6 g per day).  No significant difference (p=0.3812) was 

also shown in dietary fiber intake between baseline and control.  Table 5 shows the p-

value in the average energy, calcium, vitamin D, and fiber intake of participants between 

baseline, intervention, and control. 
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Table 5. 

p-value of Average Energy, Calcium, Vitamin D, and Fiber Intake in All Study 

Participants, Participants Not Accounted for Study Bars, and Participants in Group I 

and Group II between Baseline, Intervention, and Control. 

  
Intervention vs 

Baseline 

Baseline vs 

Control 

Intervention vs 

Control 

Energy 
   

     Combined
a 
 0.2797 0.6116 0.8957 

     Group I 0.1989 0.3958 0.7771 

     Group II 0.7226 0.8684 0.7583 

     Excluded
b
 0.0161

 c
 0.6116 0.0030

 c
 

    

Calcium    

     Combined
a
 <0.0001

c
 0.4915 0.0001

 c
 

     Group I 0.0003
 c
 0.7439 0.0156

 c
 

     Group II 0.0003
 c
 0.5862 0.0005

 c
 

     Excluded
b
 0.1404 0.4915 0.1318 

    

Vitamin D     

     Combined
a
 0.0122

 c
 0.9217 0.0134

 c
 

     Group I 0.1024 0.7439 0.0936 

     Group II 0.0615 0.7946 0.0615 

     Excluded
b
 0.0122

 c
 0.9217 0.0134

 c
 

    

Fiber     

     Combined
a
 0.0007

 c
 0.4035 0.0056

 c
 

     Group I 0.0156
 c
 0.8107 0.0198

 c
 

     Group II 0.0168
 c
 0.3812 0.0929 

     Excluded
b
 0.1178 0.4035 0.0654 

    

Notes:
 a
Participants in Group I (n=18) and Group II (n=17) combined (n=35), 

b
participants’ intake not accounted for study bars (n=35), 

c
statistically significant 

(p<0.05) by Wilcoxon signed-rank test. 

 

The percentage of participants in each group with energy, calcium, vitamin D, and 

fiber intake meeting the EAR, and RDA or AI is shown in Table 6.  No significant 

differences (p>0.05) in energy, calcium, vitamin D, and fiber intake were found between 

the two groups at baseline, intervention, and control.  Figures 2, 3, 4, and 5 shows the 

energy, calcium, vitamin D, and fiber intake at baseline, intervention, and control of the 
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two groups in respect to each other.  The average daily energy intake was about 200 kcal 

lower in Group I than Group II at baseline.  Then, it increased in Group I and decreased 

in Group II through intervention and control.  Dietary fiber intake in Group I was 

consistently lower by about 5 g per day compared to Group II in the study.  Finally, 

calcium, vitamin D, and fiber intake followed a similar trend between the two groups in 

the study.  

Table 6 

Participants Meeting EAR, RDA/AI in Baseline, Intervention, and Control in All 

Participants, and Participants in Group I and Group II Not Accounted for 

Supplementation, and All Participants Accounted for Supplementation. 

 Total
c
 (n=35) 

Combined 

(n=35) 

Group I 

(n=18) 

Group II 

(n=17) 

 EAR 

RDA/

AI EAR 

RDA/

AI EAR 

RDA/

AI EAR 

RDA/

AI 

Calcium
a
         

Baseline 

12 

(34.2) 

4 

(11.4) 

 12 

(34.2)  

4 

(11.4) 

7 

(38.9) 

2 

(11.1) 

5 

(29.4) 

2 

(11.8) 

Intervention 

28 

(79.9) 

15
d
 

(42.9) 

 28 

(79.9) 

14 

(40.0) 

15 

(83.3) 

7 

(38.9) 

13 

(76.5) 

7 

(41.2) 

Control 

14 

(40.0) 

11
d
 

(31.4) 

14 

(40.0) 

9 

(25.7) 

7 

(38.9) 

5 

(27.8) 

7 

(41.2) 

4 

(23.5) 

         

Vitamin D
a
         

Baseline 

6
d
 

(17.1) 0 (0) 

5 

(14.2) 0 (0) 

3 

(16.7) 0 (0) 

2 

(11.8) 0 (0) 

Intervention 

4
d
 

(11.4) 

1
d
 

(2.9) 

2 

(5.9) 0 (0) 0 (0) 0 (0) 

2 

(11.8) 0 (0) 

Control 

3
d
 

(8.6) 0 (0) 

2 

(5.7) 0 (0) 

1 

(5.6) 0 (0) 

1 

(5.9) 0 (0) 
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Table 6 

Continued. 

Fiber
b
         

Baseline - 

6 

(17.3) - 

6 

(17.3) - 

2 

(11.1) - 

4 

(23.5) 

Intervention - 

8 

(22.9) - 

8 

(22.9) - 

4 

(22.2) - 

4 

(23.5) 

Control - 

7 

(20.3) - 

7 

(20.3) - 

2 

(11.1) - 

5 

(29.4) 

Notes: Unit in n (%), EAR = estimated averaged requirement for calcium (800 mg per 

day) and vitamin D (10 mcg per day), 
a
RDA = recommended dietary allowance used 

for calcium (1000 mg per day) and vitamin D (15 mcg per day), 
b
AI = adequate Intake 

used for dietary fiber (25 g per day), 
c
all participants with intake accounted for 

supplementation, 
d
values that are different compared to Combined. 

 

 

Figure 2. Average energy intake in all participants, and participants in group I, and group 

II at baseline, intervention, and control 
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Figure 3. Daily average calcium intake not accounted for supplementation in all 

participants, and participants in Group I, and Group II at baseline, intervention, and 

control. 

 
 

Figure 4. Daily average vitamin D intake not accounted for supplementation in all 

participants, and participants in Group I, and Group II at baseline, intervention, and 

control. 
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Figure 5. Daily average dietary fiber intake in all participants, and participants in Group 

I, and Group II at baseline, intervention, and control. 
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per day, p<0.0001) and control (801 mg per day, p=0.0001), but not (p=0.3177) between 
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intake between baseline, intervention and control for all participants when including 

supplementation. 

 

 Table 9 shows the average calcium and vitamin D intakes of all participants 

accounted for supplementation (n=35), supplement takers (n=6), and non-supplement 

takers (n=29) at baseline, intervention, and control.  No significant difference was found 

between supplement takers and non-supplement takers, and between non-supplement 

takers and all participants accounted for supplements at baseline, intervention, and 

control. 

 

 

 

 

Table 7 

Calcium and Vitamin D Content in Participants’ Supplementation
a
 

 Calcium (mg/serving) Vitamin D (mcg/serving) 

Women’s Multivitamin 450 10 

Centrum 200 10 

Notes: 
a
Two participants took Women’s Multivitamin, one participant took Centrum; 

other supplements include vitamin B12, vitamin C, iron, and magnesium; participants 

did not take the same serving per day in 3-day diet and supplement record. 

Table 8 

p-value of Average Calcium and Vitamin D Intake of All Study Participants between 

Baseline, Intervention, and Control Accounted for Supplementation. 

  
Baseline vs 

Intervention 

Baseline vs 

Control 

Intervention vs 

Control 

Calcium  <0.0001
a
 0.3177 0.0001

 a
 

Vitamin D 0.1449 0.8699 0.0228
 a
 

Notes: 
a
Statistically significant (p<0.05) by Wilcoxon signed-rank test 
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Table 9 

Average Calcium and Vitamin D Intake of All Study Participants Accounted for 

Supplementation, and Participants Who Took and Did Not Take Supplements at 

Baseline, Intervention, and Control. 

 
Baseline Intervention Control 

Calcium (mg/d) 

   Combined
a 

720±256 1070±369 775±347 

Total
b 

732±275 1092±377 801±373 

Supp
c
 806±506 1153±455 819±516 

Non-Supp
d
 716±211 1080±367 797±348 

p1
e
 0.8268 0.6936 0.6616 

p2
f
 0.8536 0.7398 0.7122 

    

Vitamin D (mcg/d) 

   Combined
a
 4.8±3.6 3.3±2.7 4.4±3.0 

Total
b 

5.2±3.9 4.1±3.7 5.0±3.7 

Supp
c
 7.3±5.4 7.9±5.7 8.3±5.4 

Non-Supp
d
  4.7±3.5 3.3±2.6 4.3±3.0 

p1
e
  0.2935 0.0838 0.0418 

p2
f
 0.3759 0.1450 0.0862 

    

Notes: Data written as mean±SD; 
a
participants in Group I and Group II combined not 

accounted for supplementation (n=35), 
b
participants in Group I and Group II combined 

accounted for supplementation (n=35), 
c
participants who are supplement takers (n=6), 

d
participants who are not supplement takers (n=29), 

e
statistically significant (p<0.05) 

between Non-Supp and Supp by Mann Whitney U test, 
f
statistically significant 

(p<0.05) between Non-Supp and Total by Mann Whitney U test. 
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CHAPTER V 

DISCUSSION 

The results of this study support the hypothesis that consuming Kellogg’s Nutri-

Grain® cereal bars will increase dietary calcium intake in healthy women over the age of 

18 years.  This study found a significantly higher dietary calcium intake during 

intervention compared to baseline and control.  The estimated calcium intake at baseline 

(714 mg per day) was lower than the NHANES 2005-2006 average intake (836 mg per 

day) for women above age 19 years (Bailey et al., 2010).  Participants in this study were 

given two Kellogg’s Nutri-Grain® cereal bars per day for three weeks.  This provides an 

additional 400 mg of calcium per day (which is about 40% RDA, 50% EAR, or 20% DV) 

to increase the intake close to the recommended level. Consuming this calcium-fortified 

whole grain cereal bar may be a feasible way to increase dietary calcium intake as a 

potential mean to prevent osteoporosis development. 

The calcium used in most previous intervention studies to increase dietary 

calcium intake mainly comes from dairy sources (Chan, Hoffman, & McMurry, 1995; 

Cadogan, Eastell, Jones, & Barker, 1997; Kristinsson, Valdimarsson, Steingrimsdottir, & 

Sigurdsson, 1994; Park, Heo, & Park, 2011; Renner, Hermes, & Stracke, 1998; Tenta, 

Moschonis, Koutsilieris, & Manios, 2011), both dairy products and calcium supplements 

(Liu, Qiu, Chen, & Su, 2011; Matkovic, Fontana, Tominac, Goel, & Chesnut, 1990), or 

calcium supplements alone (Kristinsson et al., 1994; Lee et al., 1995; Nowson et al., 1997; 

Tang, Eslick, Nowson, Smith, & Bensoussan, 2007; Winzenberg, Shaw, Fryer, & Jones, 

2006).  Chan et al. (1995) found a significantly higher calcium (p=0.0001), phosphate, 
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vitamin D, and protein intake, and BMD status when 48 adolescent girls were 

supplemented with dairy products such as milk, cheese, and yogurt to provide at least 

1200 mg of calcium per day.  Another intervention by Liu et al. (2011) on BMD and 

dietary calcium intake provided pregnant Chinese women between ages 24 and 31 with 

milk (350 mg per day), and milk with calcium supplement (600 mg per day) from 

gestational age of 20 weeks to 6 weeks post-partum.  This study also found a significantly 

higher dietary calcium intake in the milk only (840 to 960 mg per day) and milk plus 

calcium supplementation (1320 to 1440 mg per day) groups compared to the control 

group (480 to 560 mg per day).  Only a few intervention studies that looked at dietary 

calcium intake used calcium-fortified products.   

The finding is consistent with previous studies using calcium-fortified products to 

increase calcium intake.  However, most studies do not solely examine changes in dietary 

calcium intake, but also their effect on other factors such as body composition, BMD, and 

glycemic control, etc. (Ferrar et al., 2011; Haub et al., 2005; Ho et al., 2005; Nikooyeh et 

al., 2011; Martini & Wood, 2002; Schroder, Griffin, Specker, & Abrams, 2005; Zemel et 

al., 2005).  Nikooyeh et al. (2011) reported an increased dietary calcium intake and 

improved glycemic control in type 2 diabetic patients when they were given yogurts 

fortified with calcium (300 mg and 500 mg) and vitamin D (25 mcg) daily for 12 weeks.  

A study by Haub et al. (2005) examining body composition observed a significant 

increase in dietary calcium intake in older women when they were supplemented with 

calcium-fortified beverage (600 mg) daily.  In addition, Ho et al. (2005) found an 

increased in dietary calcium intake and improved BMD status when provided 600 mg 
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calcium per day in the form of calcium-fortified soymilk to 104 adolescent girls aged 14 

to 16 years old for a year.  Table 10 shows the details of other intervention studies using 

calcium-fortified products (on the next page). 

Similar to this study, several previous clinical trials on calcium-fortified products 

excluded those with chronic disease, and those taking supplements and medication that 

may affect bone health (Ferrar et al., 2011; Haub et al., 2005; Ho et al., 2005; Martini & 

Wood, 2002).  Others also excluded potential participants if they were using insulin, 

smoking, drinking alcohol regularly, or exercising excessively (Ferrar et al., 2011; Haub 

et al., 2005; Nikooyeh et al., 2011; Martini & Wood, 2002; Zemel et al., 2005).  Also 

similar to this study, participants in Ferrar et al. (2011) were mostly premenopausal 

women with an average age of 29.5 years and BMI 24.1.  However, it is a part of their 

inclusion criteria to include women between ages 20 to 39 and has a BMI between 18 and 

30.  In addition, several previous studies did not provide information on the ethnicity of 

their participants (Haub et al., 2005; Martini & Wood, 2002; Schroder et al., 2005; Zemel 

et al., 2005).   
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Previous studies showed an overall compliance of around 95 to 100% (Ferrar et 

al., 2011; Haub et al., 2005; Nikooyeh et al., 2011).  Some studies did not provide 

information on compliance (Ho et al., 2005; Martini & Wood, 2002; Zemel et al., 2005).  

Reasons for noncompliance included discomfort, forgetfulness, flu, family emergency, 

and surgery (Haub et al., 2005).  In the study by Schroder et al. (2005), data of one 

participant who only completed 1 of 3 parts of the study was excluded, and the data of 

another two participants who only completed 2 of 3 parts of the study were included in 

analysis.  Data for four participants in Ferrar et al. (2011) showed less than 80% 

compliance by the end of the study was excluded from the analysis, but the reasons for 

the noncompliance were not described.  This study showed 98.6% compliance, and 

reasons for noncompliance included forgetfulness and undesirable taste. 

Five participants dropped out from this study due to scheduling conflicts (n=4) 

and relocation to out of state (n=1).  Four out of 38 participants also dropped out due to 

the same reasons in Zemel et al. (2005).  Reasons for dropouts in Ho et al. (2005) include 

change of school, overseas study, and feeling discomfort after drinking soymilk.  Four 

participants dropped out from the intervention group in Haub et al. (2005) due to 

unwilling to participate and personal reason reasons unrelated to the study.  Nikooyeh et 

al. (2011) had a 0% drop-out rate.  Some studies did not describe the reasons for dropping 

out (Ferrar et al., 2011; Schroder et al., 2005). 

This study used a randomized control crossover design.  The studies by Schroder 

et al. (2005) and Martini and Wood (2002) also used a crossover design on calcium-

fortified orange juice.  In addition, random assignment was used in studies by Ferrar et al. 
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(2011), Haub et al. (2005), Nikooyeh et al. (2011), Schroder et al. (2005), and Zemel et al. 

(2005).  However, participants were stratified based on body composition in Haub et al. 

(2005), and based on age in Ferrar et al. (2011).  Ho et al. (2005) assigned 6 schools to 

obtain an equal number of participants in the intervention and control group. 

Similar to this study, most previous interventions also assessed dietary intake 

using dietary records (Ferrar et al., 2011; Haub et al., 2005; Ho et al., 2005; Martini & 

Wood, 2002; Schroder et al., 2005).  In addition, the duration of most previous 

interventions were longer than this study (Ferrer et al., 2011; Haub et al., 2005; Ho et al., 

2005; Nikooyeh et al., 2011; Zemel et al., 2005).  This study provided calcium-fortified 

cereal bars for 3 weeks during a 9-week period.  This is similar to Ferrar et al. (2011), 

which provided the calcium-fortified ice cream for 28 days after a 7-day baseline period.   

Previous intervention studies examined various calcium-fortified products.  Ferrar 

et al. (2011) examined the effect of consuming calcium-fortified ice cream on bone 

markers and did not find significant change in calcium intake over the course of the study 

when given an additional 96, 244, 459, and 676 mg calcium per day.  However, they 

suggested that even supplementing with a small amount of calcium per day could help 

individuals meet the recommended calcium intake.  In addition, Nikooyeh et al. (2011) 

found that consuming calcium-fortified yogurts (providing an additional 500 mg of 

calcium per day) for 12 weeks would improve glycemic control and significantly increase 

calcium intake in type 2 diabetic patients.  Calcium-fortified orange juice was used in 

Schroder et al. (2005) and Martini and Wood (2002).  Martini and Wood (2002) provided 

1300 mg of calcium per day for 3 out of 6 weeks of the study and suggested that 
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consuming any supplemental sources with calcium may help the individual to achieve 

optimal dietary calcium intake.  To the best of the author’s knowledge, no studies had 

been done to determine whether consuming Kellogg’s Nutri-Grain® cereal bars could 

improve calcium status in in healthy women above age 18 years. 

Another finding of this study is that Kellogg’s Nutri-Grain® cereal bars may help 

improve daily dietary fiber intake.  Consuming adequate dietary fiber may be beneficial 

for the gastrointestinal and heart health, glycemic control, weight management, metabolic 

risk factors, and more (Liu et al., 1999; Liu et al., 2000; McKeown, Meigs, Liu, Wilson, 

& Jacques, 2002; Schatzkin et al., 2007; Schulze et al., 2004).  The fiber intake at 

baseline (18.7 g per day) was higher than the average fiber intake of women above age 20 

years (15 g per day) in the United States, but it has not yet reached the recommended 

level of 25 g per day for women aged 19 to 50 years, and 21 g per day for women above 

50 years (Slavin, 2008).  Consuming two Kellogg’s Nutri-Grain® cereal bars per day will 

provide a total of 6 g (20% DV) of dietary fiber daily, which increases the fiber intake 

close to the recommended level.  Participants’ daily average dietary fiber intake was 

significantly (p<0.05) higher during the intervention (22.7 g per day) compared to 

baseline (18.7 g per day) and control (19.3 g per day).  Eating this bar could be a practical 

method to obtain adequate fiber intake. 

This study found a significantly lower daily dietary vitamin D intake at 

intervention (3.3 mcg per day) compared to baseline (4.78 mcg per day, p=0.0122) and 

control (4.39 mcg per day, p=0.0134).  Vitamin D could be found in fatty fish and fish 

liver oil.  However, fortified diary, yogurt, orange juice, and some ready-to-eat cereals 
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provide the majority in the diet.  The Kellogg’s Nutri-Grain® cereal bar does not provide 

dietary vitamin D.  The decrease in intake may be due to a lower consumption of these 

foods containing vitamin D in the intervention group, as they were receiving the study 

bars. 

The average vitamin D intake between baseline and intervention are not 

significantly different (p=0.1449) when supplementation is accounted for.  Three of the 

35 participants (8.6%) took supplements that contain calcium and vitamin D.  However, 

only some participants reported taking the supplements on certain, but not all, days.  

Supplementation increased vitamin D intake during the intervention but not during 

baseline. 

 The study participants were not a good representation of the general population in 

terms of ethnicity.  Most participants in this study reported to be Asian (46%) and White 

(34%).  However, the Asian population only consists of less than 5% of the general 

population in most places in the United States.  There may be sample selection bias in the 

sense that Participants in this study may mostly be students and staffs at Texas Woman’s 

University, Houston Center, and residents in the Texas Medical Center in Houston. 

 The length of the study may not be long enough to facilitate a sustainable long-

term behavior change.  Participants received the Kellogg’s Nutri-Grain® cereal bars for 

only 3 weeks during this 9-week study.  This study found a small but not significant 

increase in the calcium intake between baseline and control in all study participants, as 

well as participant in Group I and II.  In particular, participants in Group I consumed their 

normal diet after the intervention period.  A slight increase in calcium intake was 
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reported between baseline (714 mg per day) and control (767 mg per day), but the change 

was not significantly different (p=0.3958). 

This study did not control participants’ usual diet intake.  However, controlling 

their usual diet was impractical since participants were free-living adults.  Also, by not 

controlling their usual diet, the measured intake is more likely to reflect habitual intake 

and feasibility of the intervention, and to enhance compliance in consuming the study 

bars. 

This study also did not assess participants’ BMD status or calcium absorption. 

Previous studies showed an improved BMD status from increased calcium intake (Chan 

et al., 1995; Ho et al., 2005; Liu et al., 2011).  However, intestinal calcium absorption 

may vary depending on factors such as intake, age, and gender (Ensrud et al., 2000; 

Heaney, 2008).  Future studies will be needed to assess the effect of Kellogg’s Nutri-

Grain® cereal bars consumption on BMD status and bone health in this population.  

The food record assessed by the 3DS may not accurately reflect the usual diet of 

the participants.  Participants were required to keep a 3DS for a total of 9 days in this 

study.  However, most have not had the experience prior to this study.  This may limit the 

generalizability and accuracy of the findings.  Research showed a decrease in validity of 

the diet record in later days of a 7-day recording period compared to earlier days 

(Gersovitz, Madden, & Smiciklas-Wright, 1978).  The work required to keep a diet 

record may affect their food choices and amounts consumed (Andersen, Johansson, & 

Solvoll, 2002; Kristjansdottir, Andersen, Haraldsdottir, de Almeida, & Thorsdottir, 2006; 

Rebro, Patterson, Kristal, & Cheney, 1998).  The average energy intake was reported 
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lower in Group I than Group II at baseline.  Then, it trended up in Group I and trended 

down in Group II at intervention and control (Graph 1).  This may potential be due to 

over- or under-estimation of the 3DS.   

Overall, the calcium, vitamin D, and fiber intake followed a similar trend between 

the groups.  Although not significantly different, the average dietary fiber intake in Group 

I was consistently about 5 grams lower than in Group II during the study.  No apparent 

order effect was shown between the two groups. 
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CHAPTER VI 

CONCLUSION 

The results of this study showed a significantly higher average dietary calcium 

and fiber intake when healthy women above age 19 years were provided with two 

Kellogg’s Nutri-Grain® cereal bars daily for three weeks.  The study also reported a 

significant decrease in the daily average dietary vitamin D intake when the study bars 

were given, and no significant changes in energy intake.  No other studies have examined 

the consumption of this calcium-fortified whole grain cereal bar on dietary calcium intake.  

The findings from this study may help further future research on feasible ways to obtain 

adequate calcium intake as means to improve bone health and prevent osteoporosis 

development. 

Recommendations 

It is recommended for future studies to have a larger sample size and longer 

length of study.  Future studies should perform a more comprehensive assessment on the 

participants.  Information such as socioeconomic status and perception on dietary health 

could be assessed.  Future studies should examine the long-term effect of consuming 

Kellogg’s Nutri-Grain® cereal bars on BMD status and calcium absorption.  Studies 

should also examine whether eating the study bars could improve gastrointestinal health 

as a potential mean to protect against colorectal cancer.   
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