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ABSTRACT 

Background: The efficacy and acceptability of some probiotic strains for the management of 

lactose intolerance remains to be established, and the synbiotic combination of probiotic and 

prebiotic intervention in lactose maldigesters is not well known. The aims of this study were as 

follows: Aim 1. To evaluate the effect of a 5-week probiotic treatment on gastrointestinal 

symptoms and breath hydrogen exhalation followed by the 5 weeks of the same probiotic blend 

in combination with a prebiotic product in lactose intolerant (LI) subjects.   Aim 2: To determine 

whether probiotic and prebiotic supplements are feasible to use and acceptable to subjects.  Aim 

3: To provide calcium education catered to a lactose intolerant population and measure 

effectiveness of educational sessions. 

Methods: Twenty female and male LI participants underwent hydrogen breath tests and 

symptom assessment at baseline, midpoint, and endpoint following a 25g lactose challenge.  

Midpoint analysis was performed following 5 weeks of supplementation with a probiotic blend 

containing 10 billion CFU of a blend of Lactobacillus and Bifidobacterium strains. This was 

followed by a 5-week supplementation of the same probiotic blend combined with 750mg 

fructooligosaccharides (FOS) as prebiotics.  For each time point, the area under curve (AUC) for 

breath hydrogen concentration vs. time (AUC 180 min) was calculated, and symptom scores 

were recorded using two validated forms; a lactose intolerance rating scale (LIRS) which 

measured overall gastrointestinal symptoms, and a visual analog scale (VAS) which assessed 5 

specific symptoms of lactose intolerance one hour following the lactose challenge. These results 

were compared to a group (n= 18) of lactose digesters (LD) who underwent the same 

supplemental protocol. Surveys evaluating acceptability and symptoms of synbiotic 

supplementation were administered at each time point, along with calcium knowledge 

assessments after an initial educational session.  The data were analyzed by SPSS version 21 and 

included paired-test, independent t-test, and repeated measures ANOVA. A p-value <.05 was 

considered significant.  

Results: The probiotic blend significantly reduced gastrointestinal symptom scores compared 

with baseline in both LI and LD groups. Addition of prebiotics to the treatment, further reduced 

(p = .049) LIRS symptoms in the LI group compared to the LD group. VAS assessment showed 

a significant decrease in symptoms of diarrhea (p=.046) and abdominal cramping (p=.032) with 

the addition of prebiotics to the treatment compared to probiotics treatment alone. Supplements 
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were well-tolerated with most participants reporting they were willing to continue taking the 

synbiotics. Calcium education improved calcium knowledge scores compared to baseline (p < 

.05). 

Conclusion: Five-week consumption of a probiotic blend improved gastrointestinal distress 

associated with a lactose load in LI subjects. Symptoms were further reduced with the addition of 

prebiotics to the treatment.  Probiotic and prebiotic supplementation was safe and well tolerated 

with no serious side effects reported in this group of subjects. To our knowledge, this is the first 

study showing the beneficial effect of synbiotic mix in alleviating gastrointestinal symptoms in 

LI individuals. 
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CHAPTER ONE 

INTRODUCTION AND OBJECTIVES 

1.1 Lactose Maldigestion 

In 400 B.C., Hippocrates initially described a condition which could have been a 

reference to lactose intolerance with the statement: “there are some who do not bear it [cheese] 

well...” (Adams, 1886). However, lactose intolerance has only been diagnosed medically in the 

past century (Kretchmer et al., 1981). The 2010 National Institutes of Health consensus reference 

report entitled “Lactose Intolerance and Health” aimed to increase awareness regarding the 

possible link between lactose intolerance (whether perceived or true) and low intake of dairy 

foods and nutrients present in them with subsequent adverse health outcomes. Specifically, the 

highest at-risk populations were reported to be African Americans and Latin Americans (Bailey 

et al., 2013). 

Lactose intolerance is a condition where an individual produces inadequate amounts of 

the enzyme lactase (ß-galactosidase) to break apart the beta bond in the disaccharide lactose into 

two monosaccharides: galactose and glucose in the small intestine. This results in passage of 

undigested lactose into the distal gastrointestinal tract, where colonic bacteria ferment the sugar, 

and cause subsequent release of hydrogen gas and certain acids (Lovelace & Barr, 2005; Heaney, 

2006) which can cause varying levels of GI upset. This includes gas, cramps, bloating, 

abdominal distention, flatulence, audible bowel sounds, and diarrhea. Therefore, individuals with 

inadequate lactase production typically avoid dairy products such as milk, cheese, and yogurts.  

Studies show that only 11.5% of lactose intolerant subjects meet age-appropriate recommended 

dietary allowance (RDA) from food calcium sources alone (Lovelace & Barr, 2005)  It is well 

known, even by the lay public, that dairy products are good sources of calcium.  Low calcium 

intakes correlate with an increased risk of osteoporosis (among other health conditions) in a wide 

variety of populations (Genari et al., 2001; Nieves, 2012; Jackson & Savaiano, 2001). Therefore, 

finding ways to alleviate lactose intolerance in order to increase calcium intake becomes an 

important undertaking. 

Certain probiotics have the ability to produce the lactase enzyme, beta-galactosidase (de 

Vrese, 2008). The most commonly used in research include the genera Lactobacillus and 

Bifidobacterium.  Probiotics, specifically the Lactobacillus and Bifidobacterium genera like 
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those used in this study, function to reduce symptoms by either 1) releasing lactase enzymes into 

the colon, or 2) utilizing lactose as a prebiotic. (Szilagyi et al., 2002). The infusion of lactose into 

human feces treated with Lactobacillus acidophilus leads to the rapid disappearance of lactose 

from the medium and an increase in b-galactosidase, compared to a control without this species 

(Jiang & Savaiano, 1997).  

While research is somewhat conflicting, it appears that administration of probiotic 

supplements could improve lactose maldigestion, even after cessation of probiotic supplement 

use. (Almeida et al., 2012) Prebiotics are indigestible ingredients, typically dietary fibers, which 

pass through the upper intestinal tract undigested and unabsorbed and after reaching the colon 

serve as a food for host bacteria or as a decoy for toxins and some pathogenic bacteria (de Vrese, 

2008).  Some recent studies that have employed either a combination of probiotics and prebiotics 

(also known as synbiotics) or each alone, and these showed some beneficial and/or synergistic 

effects in improving gut flora. 

  The overall objective of this study was to investigate whether consuming probiotics and 

prebiotics results in improvement of symptoms of lactose maldigestion, which could 

subsequently enable lactose intolerant individuals to consume more dairy products and 

effectively increase their calcium intake. 

1.2 Specific Aims and Hypotheses 

Specific aim 1: To determine whether a carefully selected mix of pre- and probiotics is 

effective in alleviating symptoms of lactose maldigestion in lactose intolerant individuals.  

Hypothesis 1a: Probiotics will be effective in reducing lactose maldigestion symptoms, 

as reflected in improved HBT scores and gastrointestinal symptoms. 

Hypothesis 1b: The mix of both pre and probiotics will be more effective in alleviating 

symptoms than probiotics alone, as reflected in improved HBT scores and gastrointestinal 

symptoms. 

Specific aim 2: To evaluate acceptability and suitability of the use of probiotic and 

prebiotic blend. 

Hypothesis 2: Both probiotics alone and the mix of pre/probiotics will be acceptable and 

suitable for use, without any major adverse effects, as assessed by specific questionnaires. 
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Specific aim 3: To assess effectiveness of an educational session with participants by 

instructing them about lactose maldigestion and the importance of calcium and dairy food as part 

of a healthy diet. 

Hypothesis 3: The educational session will increase participants’ knowledge about the 

importance of calcium and dairy foods in their diet, as measured by improved post-test scores. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Background 

The purpose of this review of literature is to review the efficacy of probiotics taken orally 

in reducing lactose maldigestion and symptoms of lactose intolerance, as measured by hydrogen 

breath tests (HBT) and gastrointestinal symptoms assessment.   Current evidence has suggested 

that certain strains and concentrations of probiotic preparations could be effective, while other 

evidence has shown that it is not universally effective in all lactose intolerant adults. (Levri et al., 

2005) 

The Medline Pubmed database search included review articles and randomized controlled 

trials that included assessment of lactose maldigestion status, as well as treatment with any strain 

of probiotics or combination of synbiotics.  Articles selected met inclusion criteria of lactose 

intolerant subjects and symptom evaluation in addition to Hydrogen Breath test and other means 

of lactose intolerance diagnosis. Research articles were included if they were consistent with the 

research question at hand.  

2.2 Lactose Maldigestion 

Lactose maldigestion, also known as hypolactasia or lactase nonpersistence, is caused by 

various deficiency levels of the enzyme lactase (ß-galactosidase).  Lactase is responsible for 

breaking down the milk sugar, lactose, into the monosaccharides glucose and galactose. When 

lactose is not digested it reaches the colon where it is exposed to the fermentation by colonic 

bacteria producing gas and acids, thus causing adverse intestinal symptoms (Lovelace & Barr, 

2005). Other factors have demonstrated the ability to modify lactose digestion, including other 

dietary factors from the meal consumed (meal effect), as well as the rate of gastric emptying and 

transit time. (Johnson, 1981). 

Lactose intolerance is a term used to describe symptoms that accompany lactose 

maldigestion, however, terms lactose intolerance and lactose maldigestion are often used 

interchangeably (de Vrese et al., 2001) and so will be throughout this thesis paper. 

There are currently two arguments as to why some individuals genetically possess lactase 

insufficiency. The first one, attributed largely to Simoons, involves the ‘milking patterns’ of 

various populations at mankind’s beginning, which led to the biological persistence of intestinal 
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lactase production.  In northwestern populations, milk consumption and herding of dairy-

producing animals provided a nutritional advantage for these groups. This theory is also 

supported by Flatz and Rotthauwe, who attribute milk consumption as a compensatory measure 

for poor sun exposure in these regions, and utilized as a source of Vitamin D and calcium.  

Anderson and Vullo (1994) support a second hypothesis that advantages to early man 

favored intestinal lactase insufficiency instead. In this case, the same protective measures that 

sickle cell disease, thalassemia, and glucose-6-phosphate dehydrogenase deficiency exert in 

malaria-infested regions were observed with lactase insufficiency as well.  The subtle riboflavin 

deficiency that could be observed with reduced dairy intake could have interfered with the 

cellular replication processes in the malarial parasite, thus protecting the host from full infection. 

The most common form of lactose intolerance occurs when genetic transcription of the 

lactase enzyme β-galactosidase decreases. In adolescence and adulthood, lactase transcription 

drops to one-tenth the amount compared to the suckling phase of infants in both animals and 

humans (Vesa et al., 2000). Secondary hypolactasia can occur with damage to the intestinal 

epithelium or microvilli “brush border”, due to events such as gastrectomy, untreated celiac 

disease, or other inflammatory states, and when the epithelium heals, lactase activity returns. 

Table 1 lists conditions that alter lactose digestion. 

In animal studies, hormonal regulation of b-galactosidase appears to be influenced by 

cortisone, which increases lactase concentrations, and thyroxine, which appears to inhibit 

enzyme expression of b-galactosidase. In humans however, hormonal influence on enzyme 

expression as yet appears to be unclear (Szilagyi et al., 2002). 

2.3 Prevalence of Lactose Maldigestion Worldwide 

It is estimated that 25% of the population in the United States and 75% of individuals 

worldwide are affected with lactose maldigestion (Heyman, 2006). According to some estimates, 

75% to 80% of African-Americans (AA) are lactose maldigesters with varying severity of 

symptoms (Heyman, 2006; Jackson & Savaiano, 2001), although this high prevalence has 

recently been challenged (Fulgoni et al., 2007; Gaskin & Ilich, 2008).  
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Table 1. Conditions Altering Lactose Digestion/Absorption (adapted from Szilagyi et al., 
2002) 

Diseases of intestinal mucosa 

Gastroenteritis 

Villous atrophy such as coeliac sprue, radiation, chemotherapy, 
malnutrition Drugs (e.g. neomycin, colchicine) 

Crohn’s disease 

Short bowel syndrome 

Bacterial overgrowth 

Altered gastric or intestinal transit 

Viscous or fatty foods 

Fiber 

Partial gastrectomy 

Prokinetic drugs (e.g. domperidone) 

Anti-kinetic drugs (narcotics) 

Zollinger–Ellison syndrome 

Carcinoid syndrome 

Thyroid disorders 

Pregnancy 

Barium X-ray tests 

Altered colonic flora 

Antibiotics 

Colonic bacterial adaptation with decreased H2 production 

High metabolically active b-galactosidase-containing lactobacilli 

 
Lactose maldigestion is prevalent in more than 50% of people living in South America, 

Africa, and Asia.  In some Asian countries, lactose maldigestion reaches nearly 100%.  In the 

United States, the prevalence varies between races, with 15% among whites, 53% among 

Mexican-Americans, 79% of Native Americans, (Scrimshaw et al., 1988b) and approaching 80% 

in the Black population. In Europe, a large variation in the prevalence of lactose maldigestion is 

apparent, ranging from about 2% in Scandinavia to about 70% in Sicily.  Australians report 6% 

and New Zealanders report 9% of people have lactose maldigestion. Overall, it can be indicated 

that about two thirds of the world adult population has hypolactasia, and the prevalence is high in 

nearly all populations aside from those of European origin.   

In specific populations where primary hypolactasia is highly prevalent (such as Black and 

Asian populations), the decrease in lactase activity usually begins around two to three years of 

age. However, in Finnish and other white populations, this typically occurs in adolescence (Sahi 

et al., 1983).  Hypolactasia leads to lactose maldigestion, which accounts for the majority of the 

symptoms of lactose intolerance upon lactose consumption (Vesa et al., 2000).  The primary 
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form of lactase deficiency is the most common manifestation of lactose intolerance.  As 

mentioned previously lactose maldigestion and lactose intolerance are typically referred to 

interchangeably, with first including a diagnosis using hydrogen breath test results and the 

second as self-reported, (Briet et al., 1997; de Vrese, 2008) 

Milk and dairy products are nutrient-rich foods providing protein, minerals such as 

calcium (Ca) and magnesium, several B vitamins and fat-soluble vitamins A and D. It is well 

established that African Americans in particular consume significantly less dairy products 

compared to their non-African-American counterparts (Fulgoni et al., 2007; Heaney, 2006), 

which subsequently may result in low intakes of the essential nutrients found in dairy foods 

(Ranganathan et al., 2005; Fulgoni et al., 2007). The lower intakes of these nutrients, especially 

Ca and vitamin D, could lead not just to increased risks of osteoporosis but also to several other 

chronic diseases, such as hypertension, stroke, and colon cancer (Jarvis & Miller, 2002). 

Additionally, there is a body of evidence linking lower Calcium and vitamin D intake to higher 

overweight and obesity, particularly prevalent among African Americans (Heaney, 2006). 

Therefore, any efforts to increase consumption of dairy foods should especially be targeted 

towards persons who are lactose maldigesters or perceived to be such, making the African 

American populations the ultimate target. However in our study, we included any individuals 

with lactose intolerance to determine if further investigation into specific populations is 

confirmed. 

2.4 Diagnosing Lactose Maldigestion 

Lactose maldigestion has been the subject of extensive research since it was discovered 

in the 1960’s.  It can be defined by two parameters: 1) When a 50g lactose dose (or 1g/kg body 

weight) results in an increase in blood glucose concentration of less than 1.12 mmol/L; or 2) an 

increase in breath hydrogen above 20 ppm following the same lactose dose (Bayless, 1981; 

Gaskin & Ilich, 2008). Additionally, breath methane exhalation can be included in total breath 

measurements, as this is released increasingly in age groups beyond infancy (Tormo et al., 2001; 

Moran et al., 2013). 

Lactose maldigestion can also be diagnosed in other ways. First, an individual can 

eliminate consumption of dairy foods and monitor whether the symptoms cease or decrease in 

severity. However, it is difficult to establish a diagnosis from symptoms alone because many 

malabsorbers are able to tolerate milk without presenting symptoms (Simren & Stotzer, 2006). 



8 

Alternatively, the symptoms due to some other underlying intestinal problems, namely irritable 

bowel syndrome, might be misattributed to lactose maldigestion. Therefore, more objective tests 

need to be conducted and several are available, including the hydrogen breath test, the lactose 

tolerance test and the stool acidity test (McBean & Miller, 1998; Swagerty et al., 2002). For the 

hydrogen breath test (HBT), the individuals ingest 100-500 ml-aqueous solution, or milk, with 

12.5-50 g of lactose depending on body weight. The test is based on the principle that undigested 

lactose in the colon will be subsequently digested by bacteria and yield gasses, including 

hydrogen and methane. The released hydrogen is detected in pulmonary exhalation and the 

diagnostic cut-off for lactose maldigestion is a rise in hydrogen + methane concentration above 

20 ppm during a two to four-hour period measured in systematic 15, 30, and/or 60 min. intervals 

after ingestion. Self-reported symptoms are then measured using a ranked scale that reflects 

various levels of lactose intolerance (Simren & Stotzer, 2006). In this study, the HBT was 

utilized to diagnose lactose maldigestion and is described further in Chapter 3 – Methods.  

Since this pilot study began, a new method of diagnosing lactase nonpersistance via 

administration of 4-galactosylxylose has been suggested, with an increased sensitivity and 

specificity above 90%, compared to a 69% specificity for HBT results (Aragon et al., 2013), 

which could be easily implemented in future studies involving lactose digestion status diagnosis. 

Genetically, a C/T-13910 polymorphism on chromosome 2q21 has been well-established in 

relationship to lactase activity (C-13910T is associated with lactase persistence; C-13910C 

associated with lactase non-persistence) (Castiglione et al., 2008), though testing of this kind can 

be expensive. 

2.5 Symptom Management 

There are some strategies that could be employed, with more or less success, to alleviate 

lactose maldigestion symptoms. These include taking lactase enzyme with dairy foods, or 

consuming lactose-free foods or fermented yogurts with live bacteria. All of these options are 

limited, are not always effective and might be too expensive or not available (Gaskin & Ilich, 

2008). Therefore, research to find new ways and products to more efficiently counteract 

symptoms of lactose maldigestion is needed. Among new products that could be promising but 

need more investigation are probiotics and prebiotics. 
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2.6 Assessing Symptoms of Lactose Intolerance 

After ingestion of lactose-containing foods, lactose intolerant individuals report 

symptoms such as cramping and bloating in the abdomen, and sometimes additionally report 

diarrhea, gas, and nausea.  The forms that have been used to rate the occurrence of symptoms of 

lactose intolerance have been used successfully. (Briet et al., 1997)  The primary scale is known 

as the gastrointestinal symptoms rating scale (GSRS) (Simren & Stotzer, 2006) which has been 

used to assess gastrointestinal symptoms for patients with irritable bowel syndrome (IBS) and 

Crohn’s disease.  This form was modified to assess responders when they have consumed a 

lactose rich food, such as a glass of milk or a bowl of ice cream, and to rate their symptoms.  An 

example of response would be: Bloating and gas in stomach.  0 - No bloating, 1 – Some bloating, 

2 – Bloating that lasts for long periods of time, 3 – Constant bloating and/ or gas in stomach that 

distracts from work.  

A visual analog scale (VAS) has also been used to assess the severity of lactose 

intolerance. (Casellas et al., 2009). The items investigated include the symptoms lactose 

intolerant patients report the most: diarrhea, abdominal cramping, vomiting, audible bowel 

sounds, and flatulence or gas.  The severity of symptoms is self-rated by selecting the point on a 

0-10cm visual analogue scale, with 0 indicating no symptoms and 10 indicating maximum 

symptoms. Total scores are obtained by totaling the results of each of the 5 symptoms, with the 

possible scores ranging from 0 to 50cm. In a study done by Casellas et al. in 2009, the screening 

criteria for lactose malabsorption was validated in the form of this VAS, and used receiver 

operator characteristic (ROC) analysis to determine its ability to screen for lactose intolerance. 

They established the discriminant cut-off of the total score to identify lactose malabsorption was 

6.5, with a sensitivity of 0.75 and a specificity of 0.67.  This study suggested that patients with a 

total score lower than 7 be excluded from consideration for hydrogen breath test measurements.  

However, for our purposes, we are including individuals who report issues with dairy 

consumption along with a diagnosis of lactose maldigestion with a hydrogen peak above 20ppm 

after a 25g lactose challenge. 

2.7 Current Treatment Options for Lactose Intolerance 

The current options available to lactose intolerant individuals to improve symptoms of 

lactose intolerance include: 1) avoidance of lactose containing foods; 2) consumption of 

previously-fermented lactose-foods such as yogurt or kefir; and 3) consuming a synthetic form of 
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the enzyme lactase taken at the same time as lactose-containing foods. (Levri et al., 2005).  A 

fourth treatment option is proposed by this research, namely, using selective probiotics and 

prebiotics in order to improve symptoms of lactose intolerance and hydrogen release as 

measured by hydrogen breath tests. 

Researchers have also investigated whether or not increasing overall consumption of 

dairy actually improved tolerance to dairy products. Briet et al. in 1997 investigated whether 

colonic flora changes could explain this.  They administered either lactose or sucrose and 

measured symptoms of lactose intolerance, hydrogen breath exhalation and also fecal B-

galactosidase and fecal weight.  They found reported lactose intolerance symptoms to be 

significantly milder during the second challenge in both the treatment and control group.  The 

authors suggested that due to the lack of metabolic adaptation with no differences in fecal B-

galactosidase, that the improved clinical tolerance may be just a placebo effect, rather than an 

actual change in colonic flora. Thus, treating lactose intolerance by consuming more lactose-

containing foods may not actually improve lactose maldigestion. 

2.8 Probiotics and Prebiotics: The Basics 

It is generally accepted that the indigenous bacteria in the gut, amongst other functions, 

offer health benefits to the host by preventing the growth of pathogenic bacteria. This protection 

can be maintained or enhanced by consuming bacteria found in food or supplements containing 

live, non-pathogenic bacteria, commonly referred to as probiotics (Gill, 2003). Probiotics are 

defined by Schrezenmeir and de Vrese (2001) as, “a preparation of or a product containing 

viable, defined micro-organisms in sufficient numbers, which alter the micro flora (by 

implantation or colonization) in a compartment of the host and by that exert beneficial health 

effects in this host”. 

Various mechanisms have been proposed for how probiotic intestinal bacteria can 

function to provide health benefits, including: production of antimicrobial substances such as 

organic acids; stimulation of mucus secretion, providing a barrier function against pathogens; 

improving gut barrier function by maintaining gut integrity; improving gut motility; adhering to 

the intestinal mucosa and stimulating local immune response; and improving specific antibody 

response to pathogenic organisms (Gill, 2003; Mathai, 2004; Fooks & Gibson, 2002). In the case 

of lactose intolerance, the probiotics of choice, in addition to the above benefits, should be ones 

producing the enzymes for lactose catabolism. 
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The microorganisms that are most commonly used as probiotics belong to the genera 

Lactobacillus and Bifidobacterium. Both genera are gram-positive and lactic acid-producing 

bacteria that constitute a normal microflora of humans and animals (de Vrese, 2008). The safety 

of these and four other genera of studied microorganisms (Saccharomyces, Streptococcus, 

Enterococcus and Bacillus spp.) used in humans alone or in combination, is considered to be 

good, with no evidence of adverse effects during interventions in both healthy and diseased 

populations (Wallace & MacKay, 2011). 

Prebiotics are indigestible ingredients, typically dietary fibers, which pass through the 

upper intestinal tract undigested and unabsorbed and after reaching the colon serve as a food for 

the host bacteria or as a decoy for toxins and some pathogenic bacteria. The Gibson and 

Roberfroid (1995) initial definition of prebiotics was subsequently modified by de Vrese (2008) 

as “a selectively fermented ingredient that allow specific changes, both in the composition and/or 

activity in the gastrointestinal microflora that confers benefits upon host well-being and health”.  

Most common prebiotics are various fructo-oligosaccharides (like inulin), oligosaccharides, and 

lactulose that may be taken as a supplement or added to foods. Prebiotics occur naturally in 

many foods, such as onions, bananas, and other fruits and vegetables.  Fructo-oligosaccharides 

(FOS) is the prebiotic under investigation in this research project. The ingestion of higher 

amounts of prebiotics may lead to some abdominal disorders, but in general, 10-20 g of 

oligosaccharide ingested in a single meal/day is considered to be without side-effects (de Vrese, 

2008). 

Lactose itself has also been investigated as a potential preboiotic. (Szilagyi et al., 2002). 

The infusion of lactose in human feces maintained with Lactobacillus acidophilus leads to the 

rapid disappearance of lactose from the medium and an increase in b-galactosidase compared to 

a control, suggesting that the lactose was indeed metabolized by the L. acidophilus culture. 

(Jiang & Savaiano, 1997) Currently accepted prebiotics include lactulose, inulin and fructo-

oligosaccharides (FOS). Given the relevance of lactose’s role in changing the gut microbiotic 

environment, it is difficult to exclude lactose as a potential prebiotic and its effect in subjects 

with lactose maldigestion.  

The combined use of pre- and probiotics could work synergistically to provide optimum 

gut conditions for better health. However, the combination of both has been rarely investigated 

and especially not for alleviation of lactose intolerance symptoms. Most current research on 
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prebiotics revolves around administration of prebiotics for gut health and improvement in 

digestive symptoms associated with cancer, colitis, IBD, and other functional gastrointestinal 

disorders (Horvath & Szajewska, 2013). Probiotics alone may be beneficial in various ill 

conditions, including cancers of the gastrointestinal tract (Serban, 2013), cardiovascular risk 

factors (Jones et al., 2013) nutrient absorption (Jones, 2013), and in animal studies, an 

improvement in bone mineral density (BMD) has also been recently reported in male, but not 

female mice (McCabe et al., 2013).  

2.9 Previous Studies Using Probiotics to Treat Lactose Intolerance 

Certain probiotics have the ability to produce the lactase enzyme, beta-galactosidase (de 

Vrese, 2008). The most commonly used in research include the genera Lactobacillus and 

Bifidobacterium.  Some Lactobacilli strains are able to survive intestinal passage, but also seem 

unable to release beta-galactosidase into the small intestine. (Lin et al., 1991). 

In a study performed by Lin et al. in 1991, they used yogurt milk containing Lactobacillus 

acidophilus strains with varying resistance to bile acids, and different beta-galactosidase 

production potentials. In their trial, one L. acidophilus strain showed an intermediate beta-

galactosidase activity and low bile resistance, and was capable of decreasing hydrogen-

exhalation significantly, likely due to the cell wall breakdown and subsequent release of beta-

galactosidase into the lumen of the small intestine. 

Bifidobacteria, non-probiotic bacterium which have the capacity hydrolyze lactose (Hove 

et al., 1994), and other glycosides have been studied. In most of the studies bifidobacteria 

affected lactose digestion less than the Lactobacillus genera, with some having no conclusive 

effect at all. (Passerat & Desmaison, 1995).  In part this could be explained by study design, as 

the optimum pH for beta-galactosidase produce by bifidobacteria is lower than that found in 

yogurt cultures (Passerat & Desmaison, 1995). 

Additionally, cultivation methods of probiotic bacteria affect their capacity to improve 

lactose digestion.  Jiang et al. in 1996 investigated the type of carbohydrate in the culture 

medium and the effect of Bifidobacterium longum on improving lactose digestion.  They added 

strains grown in a medium containing lactose only or lactose in addition to glucose to milk.  The 

strains cultured in the lactose-only medium displayed increased lactase activity, and when 

administered to subjects resulted in improved digestion of lactose, and decreased hydrogen 
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exhalation, though clinical symptoms were only partly less severe after subjects consumed pure 

milk. 

He et al. showed that a 2-week supplementation with Bifidobacterium longum (in 

capsules) and yogurt enriched with Bifidobacterium animalis modified colonic flora to the extent 

of alleviating symptoms in a group of Chinese lactose intolerant subjects (He et al., 2007). On 

the other hand, a treatment of 10 multiethnic individuals (lactose intolerance previously 

established) with the multiprobiotic blend (VSL3) for 17 days showed no improvement in 

hydrogen breath test or symptoms. VSL3 contains 4 strains of Lactobacillus, 3 strains of 

Bifidobacterium and one strain of Streptococcus salivarius, Seaford Pharmaceuticals Inc., 

Ontario (Yesovitch et al., 2004).  

In a randomized clinical trial of 60 Italian lactose intolerant individuals divided in three groups, 

Lactobacillus reuteri was somewhat effective in reducing symptoms and hydrogen breath 

compared to placebo, but much less compared to tilactase (lactase enzyme) (Ojetti et al., 2010).  

The authors of a systemic review on the possible benefits of probiotics in reducing 

lactose intolerance symptoms concluded that probiotic supplements are not universally effective 

in alleviating symptoms, but some strains in some individuals might be beneficial (Levri et al., 

2005). The authors were able to isolate and evaluate 10 clinical trials that met the criteria of the 

review (patients diagnosed with lactose intolerance, randomized design with the control group or 

a crossover design, treatment with probiotic bacteria and objective measure of the outcome, e.g. 

hydrogen breath test). However, this review was published in 2005 at which time none of the 

studies used prebiotics or combination with some newly suggested bacterial strains, as were 

conducted in this study.  

Gustaw et al. (2011) used FOS, inulin, or resistant starch to yogurt in varying 

concentrations to test the growth of bacteria with addition of prebiotics.  They found that FOS as 

well as inulin increased all numbers of bacteria compared to the control.  They also observed a 

stimulatory effect on the Lactobacillus acidophilus as well as Bifidobacterium genera bacteria in 

particular.  This combination treatment, also called synbiotics, of probiotics and prebiotics is 

what we have chosen to implement in this study.  
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CHAPTER THREE 

METHODS 

3.1 Research Design 

 This pilot study aimed to elucidate whether carefully selected probiotics in combination 

with prebiotics could improve digestion of milk and dairy foods in lactose intolerant individuals. 

The acceptability and tolerance of the products was assessed by administering the HBT which 

included a 25g lactose challenge and questionnaires. Educational sessions with the participants 

aimed to improve knowledge about lactose maldigestion as well as about the role of calcium and 

dairy foods in several chronic diseases.  

The study design was a semi-sequential intervention (Kekkonen et al., 2011) where each 

participant served as his/her own control and remained in the study for the 10-week intervention.  

All surveys and measurements were conducted at baseline, and after each 5-week intervention, 

with the total of three-time sets.  

 Intervention consisted of: 1) A 5-week period (mean = 34 days +/- 3 days) with probiotic 

bacteria with ~109 colony forming units (cfu), followed by the lactose challenge, HBT and 

questionnaires followed by; 2) A 5-week period (mean 34 days +/- 2.5 days) with the same 

probiotic bacteria plus inclusion of the prebiotic preparation FOS (fructoologosacharide), 

followed by the lactose challenge, HBT, and questionnaires. A period of 5 weeks is considered to 

be long enough for the gut colonization and beneficial effects to ensue.  According to some other 

studies of similar probiotic mixtures, an even shorter two-week period was sufficient for the gut 

colonization (Yesovitch, 2004; Ito, 1993). Furthermore (again based on other studies with similar 

probiotic mixtures), it is speculated that after the first 5 weeks of a probiotic treatment, any 

additional benefits in a second 5-week period could be attributed to the addition of prebiotics. 

The subjects were advised to continue with their typical dietary patterns throughout the study 

period.  

Probiotics blend was administered in two capsules separated throughout the day on an 

empty stomach. Prebiotics were administered as FOS supplement, and four capsules spread in 

two servings per day were consumed.    

Educational sessions with participants were conducted during each HBT; in the first 

session pre-tests were administered, as well as midpoint and post-tests. Intervention topics 
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included the role of calcium in bone health and other health conditions (i.e., high  blood pressure 

and weight maintenance); food sources of calcium, including non-dairy sources; calcium intake 

and serving size recommendations to meet recommended dietary intake, all modeled after a 

previous program in African American community (Maxwell et al., 2011).  Hydrogen breath 

tests were administered at baseline, after 5 weeks, and again after 10 weeks to assess changes in 

overall area under the curve (180 min) changes in combined hydrogen and methane in the breath 

sample. 

3.1.2 Outcome Measures 

Primary outcome measures included improvement or disappearance of symptoms 

measured by hydrogen breath test (HBT) and pre, mid and post treatment questionnaires 

assessing gastrointestinal symptoms and acceptability of the products. Secondary outcome 

measures included assessment of subjects’ knowledge about calcium and lactose intolerance and 

how to alleviate it, as well as about the roles of calcium in bone health and other chronic 

conditions based on pre and post-tests.  

3.2 Recruitment  

Flyers were posted around a university campus as well as the community soliciting 

lactose intolerant adults of any ethnicity, offering a $50 award upon completion of the study. 

Subjects included 45 adults who all reported adverse symptoms with dairy consumption. Of 

these, 21 tested positive via hydrogen breath test.  The remaining 24 participants tested negative 

for lactose intolerance, with combined exhaled breath hydrogen and methane levels registering 

below 20ppm. The study was approved by the Florida State University Human Subjects Review 

Board (HSC# 2012.8274) and protocol was explained to each subject. After signing the informed 

consent, subjects were enrolled into the study. See Appendix B for informed consent. 

3.3 Exclusion Criteria 

Exclusion criteria were antibiotic treatment within 4 weeks before intervention, use of 

chemotherapeutics, chronic gastrointestinal disorders, e.g., irritable bowel syndrome, Chrohn’s, 

or Celiac disease, as well as vegan/vegetarian or any other extreme dietary patterns, or smoking 

more than 1 pack of cigarettes/day.  Inclusion criteria were suspected presence of lactose 

intolerance and/or issues digesting dairy products and overall good health.  
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3.4 Anthropometric Measurements 

 Weight was assessed by digital scale and recorded to the nearest tenth of a kilogram. 

Height was assessed by wall stadiometer, and recorded to the nearest tenth of centimeter. 

Subjects were in indoor clothing and without shoes. Waist, hip, and abdominal circumferences 

were measured with a measuring tape and recorded to the nearest tenth of centimeter.  For the 

waist measurement, participants were asked to stand with feet shoulder-width apart, and chin 

level parallel to the floor, arms hanging loosely by their side. The tape was centered on the 

narrowest part of the waist above the navel, and the measurement was recorded upon exhalation. 

The abdominal circumference was taken at the iliac crest, while subjects were in the same 

position as describe above. For the hip circumference measurement, participants were asked to 

stand with their feet together and arms straight in front of them, and measurement was taken at 

the crest of the gluteus.  

 Systolic and diastolic blood pressure and resting heart rate were assessed after 

participants had been seated for 10 minutes. Participants were asked to place both feet flat on the 

floor, and measurements were taken in the dominant arm. Measurements were taken with Omron 

Intelli Sense Digital Blood Pressure Monitor HEM-907XL.    

3.5 Demographic Surveys 

Surveys were administered to collect demographic (gender, marital status, employment 

status, educational status) and background information to characterize the eating, health, and 

activity behaviors of the participants (such as alcohol and caffeine intake), as well as health 

history of the participant. Most surveys had already been developed and used in the PI’s previous 

studies. 

3.6 Hydrogen Breath Test  

Lactose maldigestion was diagnosed by administering a lactose challenge and then 

measuring combined hydrogen and methane via breath samples over 3 time points (60, 120, and 

180 minutes) and comparing the measurements to baseline.  Subjects followed the prescribed 

laboratory protocol and were advised to have a low carbohydrate meal the evening before and 

arrive to the lab fasting.  Participants were instructed not to eat, drink, sleep, or exercise for the 

duration of the HBT, according to recommended laboratory protocol. 

HBT preceded by lactose challenge was measured by using the test kits provided and 

analyzed by Metabolic Solutions (Nashua, NH). The laboratory collection protocol was 
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discussed prior to enrollment with participants and the tests were administered after an overnight 

(12 hour) fast. The tests were returned within 10 days after administration. The values of 

combined hydrogen and methane gas of > 20 ppm after a 25g lactose challenge was considered 

indicative of lactose maldigestion (Simren & Stotzer, 2006). 

Total area under the curve for hydrogen and methane gas exhalation was measured as 

opposed to only hydrogen exhalation due to research suggesting that methane production occurs 

more often in the current sample age range. (Moran et al., 2013; Tormo et al., 2001).  

3.7 Questionnaires 

Symptoms were assessed via two validated questionnaires. The first questionnaire to 

assess the severity of the gastrointestinal symptoms after consuming dairy foods was 

administered at baseline and after 5 and 10 weeks. First, a lactose intolerance symptoms rating 

scale (LIRS) with symptoms followed by a 0,1,2,3,4 rating system form was administered prior 

to lactose challenge. This questionnaire is adapted from one currently used by physicians to 

measure the severity of gastrointestinal symptoms, also known as the gastrointestinal symptoms 

rating scale (GIRS) (Kulich 2008). Subjects’ instructions for this form were: “Recall a time when 

you consumed a lactose-rich food such as milk, a milkshake, ice cream, or other dairy product.  

Circle the number which best represents the severity of the symptoms you experienced.” An 

example of one survey response was:  Symptom: Increase in gas or in passing gas.  0 - No 

increase, 1 – Somewhat greater need to pass gas, 2 – Frequent need to pass gas, 3 – Much 

greater need to pass gas. Scores were totaled, with a highest possible score of 42 indicating the 

most severe GI symptoms upon dairy consumption. 

The second validated questionnaire was a visual analog scale (VAS) that was developed 

to determine if symptoms upon lactose-food consumption are severe enough to warrant HBT 

administration to diagnose lactose digestion status (Simren & Stotzer, 2006; Casellas et al., 

2008). This form includes the five major symptoms of lactose intolerance including diarrhea, 

abdominal cramping, nausea/vomiting, audible bowel sounds, and flatulence/gas.  During the 

HBT protocol, the participants were asked to draw a vertical line between 0 and 10 cm to best 

describe the severity of their symptom 1 hour following the 25g lactose challenge. The VAS was 

administered at the time of each HBT (initial visit, midpoint, and at the end of the 10-week 

period). 
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According to Casellas et al. (2009), this particular VAS has a cutoff value at 6.5, which 

can predict whether or not an individual is likely to be a lactose maldigester with a sensitivity of 

0.76 and specificity of 0.67. Casellas and colleagues suggested a cutoff value of a score of 7 or 

higher can predict a positive state of lactose intolerance. 

3.8 Probiotic and Prebiotic Ingredients 

At the initial visit, participants were given a probiotic blend to take during the first 5 

week time point. Probiotics blend included Probiotic-5 (Pure Encapsulations®, Sudbury, MA) 

which contains: Lactobacillus acidophilus, L rhamnosus, Bifidobacterium longum, B lactis, B 

bifidum, in the amount of 10 billion colony forming units (CFU). Two capsules separated into a 

morning and evening dose during the day were consumed on an empty stomach.  

After the 5-week time point, participants returned to the lab, and were given the same 

probiotics for the next 5 weeks in addition to prebiotics. Prebiotics were administered as FOS 

supplement (Pure Encapsulations®, Sudbury, MA) containing 750 mg fructooligosaccharides in 

a capsule. Subjects integrated FOS slowly, starting with one pill on the first day, followed by two 

pills on the second day, then three on the third day, until the four-capsule does was reached. Four 

capsules of FOS spread in two servings per day were consumed along with the probiotic 

supplement. Supplements were given to the participants at baseline, and they were instructed to 

take the first pill that evening on an empty stomach.  They were asked to take the prebiotics on 

an empty stomach or 2 hours following a meal, and about 12 hours apart. For example, if they 

took their evening supplements at 9pm, they were asked to take their morning pills at 9am and to 

keep this as consistent as possible. They were asked to keep track on form provided with the 

days and morning and evening doses of each supplement (probiotics and prebiotics).  If 

participants missed more than 3 days in a row of supplement intake, they were excluded from 

analysis. Compliance was measured by calculating the percentage of dosing opportunities (two) 

each day that were met. 

3.9 Acceptability Survey  

The acceptability surveys were created specifically for this study, and were administered 

two times, at midpoint and endpoint, the latter following the supplementation period. 

The probiotic and prebiotic acceptability surveys included questions about symptoms and/or 

discomfort associated with taking probiotics alone as well as the combination of probiotics and 

prebiotics, and included questions such as, “Were the probiotics too big?” with a yes/no answer 
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option, as well as “Did you experience any discomfort with taking prebiotics?” Respondents had 

answer options for gas, diarrhea, or stomach discomfort with quantitative response options of 

none, mild, moderate, or severe. The participants were also asked whether they would continue 

taking the supplements regardless of symptoms, and given yes/no answer option. 

3.10 Calcium Intake Assessment  

Dairy food and calcium intake were assessed by utilizing a food frequency questionnaire 

(FFQ) for a quick assessment of typical dairy foods and calcium intake over 12 months for the 

initial screening with the validated FFQ for Ca consumption (Ilich et al., 1998).  This same FFQ 

was administered, this time asking about the previous 5 weeks at midpoint and endpoint. 

Participants were asked how many servings of typical dairy items (such as milk, cheese, yogurt) 

they consumed each day (or week or month). The questionnaire enables additional allowance for 

calcium consumed from broccoli, kale or similar vegetables, desserts, fast food items, tofu and 

bread. Serving sizes are determined based on the standard portions; e.g, one cup of milk and a six 

ounce cup of yogurt (as typical serving sizes). Calcium supplement use was recorded as well.  

3.11 Calcium Education 

After baseline calcium knowledge assessment, participants viewed a PowerPoint 

presentation educating them on calcium intake as it relates to high blood pressure, weight loss, 

osteoporosis, and both dairy and non-dairy dietary sources of calcium. Participants were 

instructed to read every word on every slide, and use the time as learning opportunity. This 

PowerPoint was only viewed once at baseline, and then again after study debriefing.  

3.12 Calcium Knowledge Assessment  

Knowledge about roles of calcium in health and about lactose intolerance were assessed 

by responses to a series of 20 questions administered at each of the three time points. For 

example, the true or false section includes statements like “Calcium is more easily absorbed from 

dairy products than other foods.” and “Consuming low-fat dairy products on a regular basis may 

help with weight loss.” An example of a multiple choice question is “Which of the following 

helps people with lactose-intolerance consume more dairy?” with answer choices “Buy lactose-

free milk, Eat yogurt and/or hard cheeses. Take a lactase pill before consuming milk or dairy, or 

all of the above.”  
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3.13 Data Analysis and Statistical Methods 

The HBT results and the gastrointestinal symptoms rating questionnaires were the 

primary outcome of the intervention. All other outcome variables assessed by questionnaires 

including dairy and calcium intake, were considered as secondary variables. Gender, age and 

anthropometric measures were used as confounders where needed. IBM SPSS® statistics data 

editor Version 21 was used for the data analysis to obtain descriptive data such as frequency 

distributions, means, ranges, as well as other parametric and non-parametric constructs. Paired t-

tests were conducted to identify differences between pre- and post-measurements/surveys over 

time. Additionally, ANOVA for repeated measures was conducted to assess the within-subject 

changes in the primary and secondary variables. A p-value <0.05 was considered statistically 

significant. The number of subjects was determined based on a relatively comparable study 

(Ojetti et al., 2010), in which the treatment of Lactobacillus reuteri for 10 days showed 

significant decrease in HBT and symptoms in lactose intolerant individuals. Seeking a power of 

0.80 and significance at the level of p≤0.05, a conservative sample size of n=20 was determined, 

where each subject served as her/his own control. Also, correlations and predictive values were 

assessed for each variable to determine interconnections between variables as well as the 

predictive value of various factors on symptoms of lactose intolerance. 
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CHAPTER FOUR  

RESULTS 

4.1 Summary of Results 

A summary of results is provided, including subject description and anthropometries, 

baseline characteristics, specific aims and hypotheses, as well as statistical analysis addressing 

both significant and non-significant measurements. 

4.1.1 Subject Description 

Figure 1 presents the recruitment flow-chart. This sample was gathered largely from the 

university campus and surrounding community, by flyer solicitation of lactose intolerant adults.  

Participants who completed the study received an award of $50 at the end of the study protocol.  

During recruitment, 94 women and men were screened for eligibility and of these 45 were 

enrolled.  Of those enrolled, 22 tested positive for lactose maldigestion according HBT 

parameters of having combined breath hydrogen + methane  >20ppm, and two were dropped due 

to lactase pill use and/or antibiotic use during the study. The final samples size of the lactose 

intolerant group (LI) was n=20, with 18 females and 2 males, aged 19-55 years. 

Of the 45 enrolled, 23 subjects tested negative for lactose maldigestion with hydrogen 

breath test scores below 20ppm and were classified as lactose digesters (LD), although they 

reported issues with dairy consumption prior to enrollment. Of these, 5 did not complete the 

study, resulting in 18 LD group with 3 males and 15 females.  

Overall, data for 38 healthy adult participants, aged 19-55, with 33 female and 5 male 

volunteers were utilized for the final analysis. Participants had normal blood pressure, and no 

indicators of adverse health conditions.  All participants reported symptoms of lactose 

intolerance associated with dairy intake upon recruitment, including stomach cramping, diarrhea, 

gas, or bloating upon consumption of foods rich in lactose, such as ice cream or cow’s milk.  

Race distribution of all enrolled participants is listed in Table 2. 

4.1.2 Anthropometries 

Average baseline BMI in females was   24.8 ± 5.6kg/m2, and in males was   27.4 ± 

4.9kg/m2, mean ± standard deviation.  Baseline data for females and males are summarized in 

Table 3. There were no significant baseline differences in all variables between LI and LD 

groups when each gender was analyzed separately. 
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Figure 1. Schematic of Screening and Recruitment Process 

 

Table 2. Race Distribution and Lactose Intolerance Prevalence in Participants 

Race/Ethnicity 
Percent of 

Participants 

Percent Lactose 

Intolerant 

Number of 

Participants 

Number of Lactose 

Intolerant  

Caucasian 57% 35% 21 7 

Black 17% 25% 6 5 

Hispanic 15% 20% 7 4 

Asian 9% 15% 3 3 

Other 2% 5% 1 1 

  

94  
Screened 

45 
Enrolled 

22 
Lactose Maldigesters 

2 
Dropped 

20  
Total Lactose Maldigesters 

7 (35%) 
Caucasian 

5 (25%) 
Black 

4 (20%) 
Hispanic 

3 (15%) 
Asian 

1 (5%) 
Other 

23 
Lactose Digesters 

5 
Dropped 

18 
Total Lactose Digesters 

14 (78%) 
Caucasian 

1 (6%) 
Black 

3 (16%) 
Hispanic 
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Table 3. Baseline Data and Characteristics of Participants 

Variables Females n = 33 

Mean ( ± SD) 

Males n = 5 

Mean ( ± SD) 

Weight (kg) 65.0 ± 14.1 81.6 ± 15.2 

Height (cm) 162.3 ± 8.4 172.5 ± 3.7 

BMI    24.8 ± 5.6   27.4 ± 4.9 

Waist Circumference (cm) 74.9 ± 10.0 89.3 ± 10.3 

Abdominal Circumference (cm) 86.8 ± 11.9 92.4 ± 11.5 

Hip Circumference (cm) 98.8 ± 9.8 101.9 ± 9.6 

Blood Pressure (mmHg) 

Systolic 

Diastolic 

 

112.6 ± 10.8 

70.2 ± 8.3 

 

125.2 ± 8.5 

77.0 ± 8.9 

Resting Heart Rate (bpm) 70.9 ± 11.9 60.6 ± 9.8 

Age (years) 28.6 ± 7.6 39.0 ± 10.7 

Total Calcium Intake (mg/per day) 1650 ± 850 2136 ± 956 

Calcium from Dairy Intake (mg/day) 847 ± 613 975 ± 669 

Lactose Digestion Status 

Digesters 
Non-Digesters 

 

16 

19 

 

3 

2 

Education Level 

Ph.D 
Master’s 
Bachelor’s 
Some College 

 
2 
5 
7 
19 

 
0 
3 
1 
1 

Marital Status 

Single 
Married 
Cohabitating 
Divorced 

 
28 
3 
1 
1 

 
2 
2 
0 
1 

Employed 

Yes 
No 

 
15 
18 

 
4 
1 

Activity Level 

Sedentary 
Lightly Active 
Moderately Active 
Very Active 

 
4 
0 
9 
20 

 
0 
0 
3 
2 

Smoker (<1 packday) 

Smoker 
Non-Smoker 

 
4 
29 

 
0 
5 

Past Smoker 
Never a Smoker 

4 
34 

3 
2 

Caffeine Consumption 

Yes 
No 

 
19 
14 

 
5 
0 

Alcohol Consumption 

Yes 
No 

 

25 
8 

 
4 
1 
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4.2 Specific Aim One and Hypotheses 

The first aim of this study was to determine whether a carefully selected mix of pre- and 

probiotics is effective in alleviating symptoms of lactose maldigestion in lactose intolerant 

individuals.  The first hypothesis was that probiotics would be effective in reducing lactose 

maldigestion symptoms, as reflected in improved HBT scores and gastrointestinal symptoms.  

Furthermore, the extension of this hypothesis was that the mix of both pre and probiotics will be 

more effective in alleviating symptoms than probiotics alone, as reflected in improved HBT 

scores and gastrointestinal symptoms.  

4.2.1 Hydrogen Breath Test 

Baseline AUC values of the hydrogen breath test were used to determine lactose 

digestion status. The graph below depicts the number of participants who tested positive or 

negative for lactose intolerance. 

Figure 2. Baseline Hydrogen Breath Test AUC Values (ppm) for LI and LD Participants 

 

Table 4.  Mean Hydrogen Breath Test Values for LI Group 
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Mean ± SD 

Hydrogen Breath Test 

Values 
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Number of Subjects 

Tested 

Baseline 222.1 ± 256.9   132.3 ± 114.1  20 
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Hydrogen breath test AUC values were measured for 20 LI subjects at baseline and 

endpoint, and for 13 subjects at midpoint (Figure 3).  Neither treatment with probiotics alone or 

probiotic/prebiotic combination caused any significant measurable treatment effects on HBT or 

AUC values regardless of time point, although there was an upward trend toward endpoint.  

Figure 3. Mean HBT AUC at Baseline, Midpoint and Endpoint of LI Group 

 

 

4.2.2 Symptoms Assessment – LIRS 

At baseline, there were no significant differences between baseline LIRS score group 

means for LI and LD according to independent samples t-test, nor were there any observed 

differences between groups at any time point.  

 

Table 5. Baseline LIRS by Group 

 

 

The LIRS survey results showed that the mean score at baseline in LI group was 13.5 (± 

5.9) and significantly decreased after 5 weeks of probiotic supplementation to 9.14 (±4.6) p=.001 

as well as after 10 weeks upon prebiotic supplementation with a mean score of 6.5 (±4.9), with 

p=.001 (compared to 5 week time point), according to the paired sample t-test.  

Time Point Lactose Intolerant (LI) 

Mean ± SD 

Lactose Digesters (LD) 

Mean ± SD 

Baseline 13.5 ± 5.9 17.1 ± 5.3 

Midpoint 9.1 ± 4.6 10.2 ± 4.8 

Endpoint 6.5 ± 4.9 9.9 ± 5.3 
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Figure 4. Comparison of Mean LIRS Scores at Each Time Point  

 

In the LD group, baseline LIRS score was 17.1 ± 5.3, and after 5 weeks decreased 

significantly (p<.0001) to 10.2 ± 4.8, after which no further significant decreases were observed 

at endpoint (9.9 ± 5.3).  

LIRS decreased significantly over time with p =.001. The probiotic followed by 

combined probiotic/prebiotic treatment had an effect size of .676, suggesting clinical 

significance for reduction of symptoms with probiotic use in lactose intolerant individuals.  Our 

observed power was = 1.00 in this analysis, which is the power of this test assuming a population 

effect size exactly equal to the effect size observed in the current sample.  

 

Figure 5. LIRS Scores by Group at Baseline, Midpoint and Endpoint 
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A significant (p=.001) decrease in symptoms from baseline to midpoint was also 

observed in the LD group, and this effect remained stable at endpoint in LD group, but continued 

to decrease (although not significantly) in the LI group. 

4.2.3 LIRS with and without Prebiotic Treatment in LD Group 

In the LD group, 10 participants did not receive secondary treatment with prebiotics, but 

instead continued with probiotic-only supplementation, while 7 participants received prebiotic 

treatment. While there appeared to be a slight reduction in mean LIRS score in the group who 

took prebiotics, it was not significant when compared to those who did not take prebiotics. 

 

Figure 6. Mean LIRS Scores of LD Participants Who Did and Did Not Consume Prebiotics 

* p <.05 

 ˫ p <.05 

 

4.2.4 Symptoms Assessment – VAS 

Baseline analysis of VAS scale scores showed that there was no significant difference 

between LI (mean 7.83 ± 6.03) and LD (9.11 ± 10.8) groups in the VAS symptom assessment 

score. 

Paired samples t-test of the VAS form results showed that after probiotic treatment in LI 

group, there were no significant decreases in VAS total score at midpoint.  However, in the LD 

group, there was a significant increase in total VAS score at the midpoint (p=.040).  At endpoint, 

there was a significant difference (p=.022) observed in VAS total scores between LD (13.5 +/- 

11.1) and LI (6.71 +/- 6.3) groups with a decrease in symptoms measured in LI group (p=.028), 

but not LD group.  

4.2.5 Individual Symptoms Scores for VAS 

When LD and LI groups were analyzed separately for each individual symptom included 

on the VAS survey, the symptom scores for diarrhea, audible bowel sounds, and gas increased 

significantly after the 5 week time point (p=.019, p=.023, p=.024, respectively).  
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 Figure 7. Total VAS Scores by Group Figure 8. Combined Group Symptoms  

 

However, when data were separated into LI and LD groups, there was a mean decrease in 

diarrhea symptoms (p=.046) in the LI group at endpoint, as well as a mean decrease in 

abdominal cramping (p=.032) at endpoint, with no other significant symptom changes at 

midpoint or endpoint time periods in the LI group. 

 

Figure 9. LI Group Symptoms According  Figure 10. LD Group Symptoms 

to VAS Score      According to VAS Score 
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In the LD group, after 5 weeks, the mean symptom score for diarrhea increased (p=.001), 

without any other significant increases in symptoms. There was a trend for increases in each of 

the symptoms at midpoint and then a decrease back to baseline with the addition of prebiotics 

(n=7). 

4.2.6 ANOVA for VAS Symptoms Scores  

Since there were no differences between LI and LD at baseline and midpoint, data for LI 

and LD were combined (n=34).  There were no changes observed over time according to VAS 

total score (Figure 11). 

 

Figure 11. VAS Total for Combined Group 

 

 
When the LI and LD groups were analyzed separately, according to ANOVA neither 

group showed any significant changes at any time point for the VAS total score. The hypothesis 

that synbiotic treatment would improve symptoms of lactose intolerance in lactose intolerant 

subjects was confirmed based upon the LIRS as well as individual symptoms of diarrhea and 

abdominal cramping according to VAS analysis. 

Detailed analysis of the data revealed positive correlations between HBT scores and 

alcohol intake as well with calcium from dairy intake. Ethnicity was a good predictor of lactose 

intolerance, with 11% (p=.009) of lactose intolerance being explained by race. 
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Table 6. Pearson’s Correlation Coefficient for HBT, VAS Gas, VAS Abdominal Cramping, 
LIRS1, and Lactose Digestion Status, Calcium intake from dairy, and Age (n = 37) 
Variable Lactose 

Digestion 

Status 

Calcium 

from 

Dairy 

intake 

[baseline] 

Calcium 

Intake 

from 

Dairy 

[midpoint] 

Calcium 

Intake from 

Dairy 

[endpoint] 

Age in 

Years 

Abdominal 

Circumference 

[baseline] 

HBT [baseline] .623** .396* 0.044 0 -0.143 -0.062 

VAS Gas [midpoint] -0.238 0.125 .337* 0.241 0.246 -0.091 

VAS Abdominal 

Cramping [midpoint] 

-0.198 .374* -0.045 -0.165 -0.253 -0.038 

VAS Total [baseline] -0.074 -0.232 -0.221 -0.214 -0.347 -0.129 

LIRS1 -0.207 0.289 0.172 -0.085 -0.288 0.272 

Discomfort With 

Probiotics 

-0.058 0.085 .341* .322* 0.12 0.01 

* p , 0.05, ** p , 0.01. 

 

Table 7. Multiple Linear Regression for Hydrogen Breath Test and Symptoms of Lactose 

Intolerance as Dependent Variables and Lactose Digestion Status, Calcium from Dairy 

Products and Age as Independent Variables 
Dependent Variable Independent Variable R2adjusted 

(%) 

t-ratio p-Value 

HBT Lactose Digestion Status 41.80% 5.18 <.0001 

 Calcium from Dairy Intake  2.04 0.0485 

VAS Gas [midpoint] Lactose Digestion Status 7.30% -0.881 0.3844 

 Calcium from Dairy Intake 
[midpoint] 

 1.81 0.0784 

VAS Abdominal Cramping 

[endpoint] 

Lactose Digestion Status 11.30% -2.00 0.053 

 Calcium Intake from Dairy 
[endpoint] 

 0.607 0.547 

 Age in Years  -1.74 0.091 

VAS Total [baseline] Calcium from Dairy Products 12.70% -1.32 0.1958 

 Age in Years  -2.81 0.0077 

 Lactose Digestion Status  -0.458 0.6499 

LIRS1 Age in Years 15% -2.12 0.0402 

 Abdominal Circumference 
[baseline] 

 2.16 0.0369 

 Lactose Digestion Status  -2.03 0.0487 

SEE = standard error of the estimate 
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4.3 Specific Aim Two and Hypotheses 

Another specific aim of this study was to evaluate acceptability and suitability of the use 

of the noted preparations.  The hypothesis was that both probiotics alone and the mix of 

pre/probiotics will be acceptable and suitable for use, without any major adverse effects, as 

assessed by specific acceptability questionnaires. 

4.3.1 Acceptability Analysis 

Symptoms and continuance data were collected from each participant following each of 

the 5-week supplement treatment regimens.  A summary of acceptability results is provided in 

Figures 12 - 17. Subject compliance was measured by ‘supplement tracker’ forms which 

provided a checkbox format for participants to show when they took the supplement as well as 

when they missed. As defined by Cramer et al. (2007), compliance (synonym: adherence) “refers 

to the degree or extent of conformity to the recommendations about day-to-day treatment by the 

provider with respect to the timing, dosage, and frequency.”  In our study, participants included 

in data analysis missed no more than 2 consecutive days of supplementation of probiotics, and 

during the second phase of the study participants missed no more than 3 consecutive days of 

prebiotics or probiotics. Table 6 presents compliance data for each time point and product.  Since 

compliance was between 87-93%, it was not included in statistical analyses as a confounder.  

 

Table 8. Compliance Data 

Treatment N Percent Compliance 

Probiotics (First 5 weeks) n = 24 93% ± 7% 

Probiotics (Second 5 weeks) n = 22 91% ± 9% 

Prebiotics (Second 5 weeks) n = 19 87% ± 12% 

 

4.3.2 Acceptability of Probiotics 

Eighty-nine percent of participants stated that they wanted to continue taking probiotics 

regardless of symptoms at midpoint, and 78% stated they would continue them at endpoint.  The 

most common symptoms associated with probiotic use were gas, stomach discomfort, and 

difficulty swallowing. 



32 

Figure 12. Symptoms Reported with Probiotic Use   Figure 13. Probiotic Acceptability 

Figure 14. Symptoms Reported with Prebiotic Use Figure 15. Prebiotic Acceptability 

  

4.3.3 Acceptability of Prebiotics 

Approximately 65% of people who took prebiotics reported that they were willing to 

continue taking prebiotics. According to the acceptability questionnaire, 62% of those surveyed 

did not experience any discomfort, while 39% reported that they “sometimes” had discomfort 

with prebiotic supplementation.  According to linear regression, there was a significant 

(p<.0001) correlation (r-squared = .834) between willingness to continue taking probiotics and 

willingness to continue prebiotics. The hypothesis that probiotics as well as the synbiotic 

combination of probiotics and prebiotics is feasible as well as largely acceptable is confirmed. 

Figure 16. Continuance Probiotics      Figure 17. Continuance Prebiotics 

0

10

20

30

40

No Yes

#
 o

f 
p

e
o

p
o

le
  

Continue

0

5

10

15

20

No Yes

#
 o

f 
P

e
o

p
le

 

Continue

0

5

10

15

20

#
 o

f 
p

e
o

p
le

 

Difficulty

Swallowing

Discomfort
0

5

10

15

20

#
 o

f 
P

e
o

p
le

 

Stomach

Discomfort

Diarrhea

Gas

0

5

10

15

20

25

30

#
 o

f 
p

e
o

p
le

 

Difficulty

Swallowing

Discomfort

0

5

10

15

20

25

30

#
 o

f 
p

o
e

p
le

  
Stomach

Discomfort

Diarrhea

Gas



33 

4.4 Specific Aim Three and Hypotheses 

The last specific aim was to assess effectiveness of an educational session with 

participants educating them about lactose maldigestion and the importance of calcium and dairy 

food as part of a healthy diet. The hypothesis was that educational sessions would increase 

participants’ knowledge about the importance of calcium and dairy foods in their diet, as 

assessed by improved post-test scores, and possibly also assist in increasing their calcium intake 

from dairy foods. 

4.4.1 Calcium Intake 

Calcium intake assessment showed female participants (n=33) had baseline mean calcium 

intake of 1245mg/day (± 757mg/day) as assessed by calcium food frequency questionnaire 

(FFQ), and male participants (n=5) had a baseline mean calcium intake of 2362 mg/day (± 

752mg/day).  

 Figure 18. Calcium Intake from Dairy and Total Calcium Intake by Gender  

There were no significant changes in calcium intake for LI or LD males.  However, 

contrary to our hypothesis, in LI females (n=18) there was a significant decrease from baseline to 

endpoint in calcium intake with a mean decrease of 335mg/day (p=.043). 
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Table 9. Calcium Intakes from Various Sources 

 Total Calcium Intake 

FFQ (mg/day) 

Calcium From Other 

Sources (mg/day) 

Calcium from Dairy 

Sources (mg/day) 

% Calcium from 

Dairy Sources 

Females (n = 33) 

Baseline 

Midpoint 

Endpoint 

Males (n = 5) 

Baseline 

Midpoint 

Endpoint 

 

1223 ± 681 

1130 ± 719 

1025 ± 799 

 

1566  ± 795 

1598 ± 1213 

1921 ± 1286 

 

375 ± 246 

377 ± 317 

281 ± 237 

 

591 ± 177 

378 ± 132 

342 ± 108 

 

847 ± 613 

753 ± 597 

744 ± 755 

 

975 ± 669 

1219 ± 1192 

1579 ± 1310 

 

65.8% ±21% 

61%  ± 22% 

65.5%± 22% 

 

58.5% ± 13% 

65% ± 23% 

71.5% ± 26% 

 

Baseline Midpoint  Endpoint 

Figure 19. Percent Calcium Intake from Dairy Sources in Females 

 

4.4.2 Summary of Calcium Intakes 

Calcium intakes are summarized in Table 6, and the percentage of calcium from dairy 

sources for females is presented in Figure 19. 

4.4.3 Calcium Knowledge Assessment 

The average baseline calcium knowledge assessment score for combined LD and LI 

group (n=38) was 15.9 (± 1.9) correct answers out of 20 questions.  At midpoint, scores 

improved significantly to 17.8 9 (± 1.8) (p=.001), and there were no further significant 

improvement in scores observed at endpoint.  Calcium knowledge assessment showed that there 

were significant improvements in a 20-question calcium knowledge test from baseline to 

midpoint (p=.001) but not from midpoint to endpoint (p=.554) in the entire group. 
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Therefore, our hypothesis that education utilizing a PowerPoint presentation would 

improve knowledge about calcium health issues related to low calcium intake was confirmed. 

 

Table 10. Calcium Knowledge Scores 

 Time points # correct out of 20 p - value 

Baseline 
15.9 ± 1.9  

Midpoint 17.8 ± 1.8 .001 

Endpoint 17.7 ± 1.8 .554 

 

* = P < .05 

Figure 20. Calcium Knowledge Test Score ANOVA 

 

 

Regression analysis was performed to investigate the relative contributions of calcium 

intake at baseline, midpoint, and endpoint to variation in symptom measures and hydrogen 

breath test score.  Multiple regression models are presented in Table 7.  Models including age 

were better predictors of symptom scores, and abdominal circumference at baseline explained 

the symptom scores for the LIRS baseline form.  
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CHAPTER FIVE 

DISCUSSION AND CONCLUSIONS 

5.1 Synbiotic Treatment of Lactose Maldigestion 

Results indicated that a synbiotic mix of probiotics and prebiotics was effective in 

reducing symptom scores pertaining to lactose intolerance, but no improvement in actual 

hydrogen breath test or Total AUC was observed. The synbiotic treatment seemed to provide 

additional symptom reduction (according to LIRS score) in LI participants, and not LD 

participants.  The individual symptoms scores for diarrhea and abdominal cramping decreased 

with treatment in the LI group according to the VAS analog scale, while the symptom ‘audible 

bowel sounds increased in LD group, with no other measurable changes in symptoms observed. 

Since there was not an LI group consuming a placebo, we cannot rule out a halo effect, 

indicating the tendency for belief the supplement was helping influencing participants’ opinion 

of their severity of symptoms. The LD group presented with symptoms and even though they 

were not lactose intolerant as diagnosed by the HBT, they also reported symptom improvement 

after treatment. This improvement could be due to the effect of probiotics on normalizing gut 

flora by displacing harmful bacteria with known beneficial ones. 

Other studies have shown a decrease in both symptoms and HBT score (Almeida et al., 

2012; Rampengan et al., 2010; de Vrese et al., 2001) while others have not shown improvements 

in symptoms associated with lactose intolerance after probiotic treatment (Yesovitch et al., 2004; 

Levri et al., 2005).  Almeida et al. (2012) investigated lactose maldigestion after supplementation 

with Lactobacillus casei Shirota and Bifidobacterium breve Yakult on symptoms and breath 

hydrogen exhalation after a lactose load in lactose-intolerant patients.  They found that four-

week consumption of the probiotic combination improved symptoms and decreased hydrogen 

production in lactose-intolerant patients. They also observed that the effects may persist for at 

least 3 months after suspension of probiotic supplement. Rampengan et al. (2010) found that the 

administration of live or killed probiotic for 2 weeks decreased the breath hydrogen exhalation in 

children with lactose malabsorption. With detailed inspection of our data, there was a trend 

toward increasing rather than decreasing the AUC hydrogen though there were not any 

statistically significant differences at any time point, which also has been observed by other 

researchers. Yesovitch et al. (2004) found after 17 days of supplementation with VSL3 (a 
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probiotic blend) an increase in breath hydrogen exhalation was observed without any changes 

observed in symptom assessment, and the authors suggest that increased breath hydrogen 

production with a higher dose of bacteria could be responsible.  Tomba et al. (2012) obtained 

psychological profiles of subjects which included a measurement of somatization, or “body 

awareness”. They then assessed symptoms in both lactose digesters and maldigesters following 

administration of 15g lactose.  Symptom scores were assessed using visual analog scales, and a 

high correlation was found between a high somatization t-score and presence of symptoms, 

rather than true lactose maldigestion status. 

Probiotics overall were acceptable, with the synbiotic combination of probiotics and 

prebiotics appearing somewhat less acceptable, with fewer individuals being willing to continue 

taking prebiotics, though this could have been due to the number of pills (four) required to 

achieve the full dose of the prebiotic FOS.  Rosania et al. (2013) found that in treatment of small 

intestinal bacteria overgrowth (SIBO), probiotics were not more effective in reducing 5 out 6 

symptoms associated with digestive health after taking antibiotics.   

Probiotic survival through the gastrointestinal tract is improved by presence of prebiotics, 

as demonstrated in a variety of studies (Coman et al., 2013; Nazzaro et al., 2012; Oliveira et al., 

2012). Nazzaro et al. (2012) showed increased survival of probiotics via simulated 

gastrointestinal tract when probiotics grown in a prebiotic medium vs. glucose medium. Coma et 

al. (2013) showed that viable counts of probiotics in milk with added prebiotics were higher than 

in control sample, and 100% survival of live strains after consumption when compared to 

baseline fecal sample was observed. Therefore, survival of probiotics through the digestive tract 

is enhanced by the presences of prebiotics. 

There was a clear correlation between willingness to continue probiotics and willingness 

to continue prebiotics, as well as a correlation between reported discomfort with probiotic use 

and calcium from dairy intake. A possible explanation for this would be that dairy food (which 

contains lactose) intake itself was causing symptoms, rather than the probiotics. While this link 

between discomfort with probiotic use and calcium from dairy intake has not been confirmed by 

other studies, in a study published in 2011 by Nicklas et al., self-perceived lactose-intolerant 

respondents had a significantly lower calcium intake from dairy foods and additionally reported 

having a significantly higher rate of physician-diagnosed diabetes and hypertension. This is 
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relevant because the high-risk populations that have increased self-diagnosis of lactose 

intolerance also have high prevalence of chronic disease states as well. 

Calcium intakes from dairy in females decreased over the course of the study, but 

remained constant in males.  Baseline calcium FFQ assessed the past 12 months of calcium 

intake from dairy and non-dairy sources, while subsequent midpoint and follow up assessments 

investigated the previous 5 weeks. The decrease in calcium intake in females could be explained 

by their increased awareness of the possibility of being lactose intolerant, or the difference in 

time frame recollection (12 months versus 5 weeks). Also, biases leading to under or over-

estimation of FFQ as well as other dietary assessment tools cannot be overlooked.  

 Calcium intake and age appeared to be the best predictors of symptom severity, with age 

negatively correlated with symptom severity, and dairy calcium as well as total calcium intake 

being positively correlated with symptom severity. Total calcium intake in females decreased 

from slightly and non-significantly from baseline to midpoint, and symptoms decreased as well.  

Since these two variables are correlated, calcium from dairy products may be an important 

indicator of severity of symptoms associated with lactose intolerance. 

We observed that even though NHANES data analysis has shown an inadequate intake of 

calcium in Hispanic and African American lactose intolerant adults (NHANES, 2009-2010), 

participants in our study revealed an adequate intake of calcium based on the RDA for calcium 

based upon age and gender. The RDA for males and females aged 19-50 years is 1,000mg 

calcium per day (IOM, 2011), and both females and males in our study, regardless of lactose 

digestion status, all met the requirements for calcium recommendations according to FFQ 

assessment of calcium intake.  

Calcium knowledge assessment scores increased after calcium education administration 

in conjunction with what was expected and has been observed in other studies (Douglas et al., 

2010; Maxwell et al., 2012). Noteworthy, in this population sample, all participants reported at 

least some college or higher education experience. 

Reported previously by Suarez et al. (1995) up to 30% of those who reported they were 

lactose intolerant were in fact lactose digesters.  In our study, nearly 50% of subjects were 

actually lactose digesters according to the HBT, but both the LD and LI groups reported some 

gastrointestinal problems with dairy intake prior to enrollment in the study,  and all participants 

thought that they were indeed lactose intolerant.  
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Nicklas et al. (2009) reported that from a nationally representative group of 3 different 

ethnicities, including Caucasians, Blacks, and Hispanics, only 12% had symptoms associated 

with lactose intolerance, even though true prevalence in these ethnic groups is likely much 

higher. This also suggests that the remainder of the asymptomatic adults need no management 

due to lack of symptoms (Nicklas et al., 2009).  Maxwell et al. (2012) found that six out of seven 

African Americans who were unsure if they were lactose intolerant were confirmed as lactose 

maldigesters via HBT (Maxwell et al., 2012). 

5.2 Symptom Variability in Lactose Intolerance 

Symptom variability in gas, bloating, abdominal cramps, and diarrhea can be explained by the 

resultant high osmotic load caused by undigested lactose, which increases intestinal transit time 

and promotes water influx into the lumen of the small intestine which overwhelms the colonic 

reserve, and thereby causes excess gas or diarrhea.  If fat is consumed with a lactose load, the 

‘jejunal brake’ is triggered, caused by the presence of fat in the proximal small intestine, thereby 

slowing gastric emptying and reducing osmotic load (Lin et al., 1996). This process could 

explain, in part, why symptoms vary with lactose-rich food consumption.  Overall, GI symptoms 

following a lactose challenge are strongly associated with the quantity of hydrogen exhalation 

(Hermans et al., 1997), suggesting that an increased HBT score would be associated with 

increased symptoms. However in this study, HBT scores showed a slight trending increase, while 

reported symptoms decreased significantly over the 10 weeks. 

Research has suggested that repeated exposure to dairy foods can cause additional 

‘tolerance’ to dairy produce. When looking at colonic adaption of beta-galactosidase upon 

repeated exposure to a lactose load, Briet et al. (1997) used a double blind controlled study that 

involved 2 groups of lactose maldigesters; one that received 34g doses of lactose for 15 days, 

with the other group receiving 34g of sucrose.  They found that fecal beta-galactosidase activity 

increased in the treatment group, and yet symptom improvement occurred in both groups, 

suggesting that the subjects’ familiarity with study protocol may have explained the improved 

tolerance more than colonic adaptation with chronic ingestion of lactose (Briet et al., 1997).  

However, there are other studies that have been done using lactulose (galactose + fructose) 

which contradict protocol familiarity as an explanation (Szilagyi et al., 2001; Flourie et al., 

1993). In our study, a similar result was found to Briet et al. (2007), with HBT scores remaining 
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unchanged while symptom scores decreased significantly in both the lactose intolerant group and 

lactose digester group. 

A key point with regards to lactose load is that 25g of lactose used in the HBT is the 

same amount that would be delivered in a pint (2 cups) of milk in one sitting. These large doses 

could lead to over-diagnosis of lactose intolerance, because smaller quantities can be tolerated 

without symptoms.  This points to the fact that lactose intolerance could be subject to load 

phenomenon (Heaney, 2013).  In some lactose intolerant individuals, ½ cup milk (or <6g of 

lactose) does not provoke symptoms, suggesting that if symptoms occur with smaller servings 

(such as a 2 tablespoons), then likely lactose maldigestion is not the true problem (Hertzler et al., 

1996). 

Italian researchers investigated the relationship between symptoms of lactose intolerance 

and true lactose maldigestion and found that in 102 subjects, 18% were lactose maldigesters 

while 29% were lactose digesters and that the two conditions were not associated.  The severity 

of intolerance was actually less in the patients with malabsorption. The authors reported this 

phenomenon was likely due to increased somatic awareness, with this being the principal 

distinguishing characteristic of those with apparent intolerance (Tomba et al., 2012). 

5.3 Limitations 

Study limitations include the absence of a placebo group, which does not allow us to rule 

out the placebo effect, however, this is partially counteracted by having the subjects serve as 

their own controls.  However, the biggest limitation of this study is the unreliability of the HBT 

test, as administration of the test multiple times showed vastly different scores and high 

variability as a test variable. The known sensitivities and specificities and positive and negative 

predictive values is 69% for the hydrogen breath test (Aragon et al., 2013). One study compared 

a variety of doses of lactose and determined the sensitivity of the HBT using 50-g, 25-g, and 12-

g lactose were 92.6%, 52.0%, and 94%, and specificity was 60%, and 36.4%, 88.2%, 

respectively. In a meta-analysis of 19 published studies, overall sensitivity of the HBT was 88% 

(CI, 85%-90%), and specificity was 85% (CI, 82%-87%) for the hydrogen breath test (Marton et 

al., 2012). 

In our study, initially the 25g lactose sample included in the first shipment of HBT kits 

was reported by subjects to have a ‘bready’ smell and appeared slightly orange in color in the 

first batch of tests ordered, while subsequent tests were white and subjects reported they were 
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largely tasteless and ‘chalky’. Subsequent lot number investigation did not reveal any solutions 

to this report, nor did direct contact with the company provide additional insights into this 

discrepancy. 

5.4 Conclusions and Recommendations 

The synbiotic consumption of probiotics and prebiotics may be helpful in decreasing 

symptoms associated with lactose intolerance, despite unchanged biological measures. In this 

particular study, the specific symptoms of diarrhea and abdominal cramping decreased in lactose 

intolerant adults over 10 weeks with supplementation of synbiotics. A decrease in overall 

digestive symptoms was also observed in LD group. Synbiotic treatment using a combination of 

probiotics and prebiotics is acceptable with no serious side effects. Additionally, calcium 

knowledge test scores improved after calcium education sessions. The implications for practice 

show increased need for education on how to best manage symptoms in individuals who think or 

know that they are lactose intolerant, as well as the importance of calcium in adult as well as 

child nutrition.  Methods to manage symptoms would include probiotic combined with prebiotic 

use, as well as decreasing doses of dairy and spreading intake throughout the day, consuming 

dairy food with other foods to slow bowel transit time, buying lactose-free milk, and making 

lactase pills more accessible to certain populations.  
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APPENDIX A 

HUMAN SUBJECTS APRROVAL FORM (IRB) 

Office of the Vice President For Research 

Human Subjects Committee 

From: Thomas L. Jacobson, Chair 

Re: Use of Human subjects in Research 

Project entitled: Acceptability and feasibility of probiotic and prebiotic supplementation in 

alleviating symptoms of lactose maldigestion in lactose intolerant subjects. 

The application that you submitted to this office in regard to the requested 

change/amendment to your research protocol for the above-referenced project has been 

reviewed and approved. 

Please be reminded that if the project has not been completed by , you must request 

renewed approval for continuation of the project. 

 

By copy of this memorandum, the chairman of your department and/or your major 

professor is reminded that he/she is responsible for being informed concerning research 

projects involving human  subjects in the department, and should review protocols as often 

as needed to insure that the project is being conducted in compliance with our institution 

and with DHHS regulations. 

 

This institution has an Assurance on file with the Office for Human Research Protection. 

The Assurance Number is IRB00000446. 

Cc:HSC NO. 

11/02/2012 

Jasminka Ilich-Ernst 

NUTRITION FOOD AND EXERCISE SCIENCES 

Acceptability and feasibility of probiotic and prebiotic products in alleviating symptoms of 

lactose maldigestion in lactose intolerant individuals  

05/08/2013 

2012.9390   

Bahram Arjmandi, Chair 
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Human Subjects Application For Full IRB and Expedited Exempt Review  
1. Project Title and Identification 

1.1 Project Title 

Acceptability and feasibility of probiotic and prebiotic products in alleviating symptoms of 
lactose maldigestion in lactose intolerant subjects 

Project is: Independent project to develop into student thesis. 

1.2 Principal Investigator (PI) 

Name(Last name, First name MI): 

Ilich-Ernst, Jasminka 

Highest Earned Degree: 

Doctorate 

Mailing Address: 

 

Phone Number: 

 

Fax:  

University Department: 

NUTRITION FOOD AND EXERCISE SCIENCES 

Email: 

 

The training and education completed in the protection of human 

subjects or human subjects records: 

FSU Training Module   NIH   HIPAA        

Occupational Position: 

Faculty 

1.3 Co-Investigators/Research Staff 

 

Name(Last name, First name MI): 

Post, Joy ;  Research Staff 

Highest Earned 

Degree: 

Bachelor's Degree 

Mailing Address: 

 

Phone Number: 

 

Fax: 

  

University Department: 

NUTRITION FOOD AND EXERCISE SCIENCES 

Email: 
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The training and education completed in the protection of human 

subjects or human subjects records: 

FSU Training Module              

Occupational Position: 

Student 

 

1.4 Faculty Advisor/Department Chair/Dean Information 

Name(Last name, First name MI): 

Arjmandi, Bahram H;  Chair 

Highest Earned Degree: 

Mailing Address: 

 

Phone Number: 

 

Fax: 

  

University Department: 

NUTRITION FOOD AND EXERCISE SCIENCES 

Email: 

 

The training and education completed in the protection of human 

subjects or human subjects records: 

  

Occupational Position: 
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APPENDIX B 

CONSENT FORM 

CONSENT FORM FOR PARTICIPATION IN A RESEARCH PROJECT 

FLORIDA STATE UNIVERSITY 

PI Name: Jasminka Ilich-Ernst, PhD. RD 

Study Title: Acceptability and feasibility of probiotic and prebiotic products in alleviating 

symptoms of lactose maldigestion in lactose intolerant subjects. 

INVITATION TO PARTICIPATE 

You are invited to participate in a clinical research study that will last 10 weeks and evaluate use 

of pre- and probiotics in improving symptoms of lactose intolerance. 

DESCRIPTION OF THE STUDY AND PROCEDURES 

Lactose maldigestion, also called lactose intolerance, is a condition caused by an inability to 

digest milk and dairy products, due to the lack of an enzyme to break down the lactose (sugar 

found in milk). When lactose is not broken down, it reaches the colon and is exposed to the 

fermentation by colonic bacteria which produces gas and acids. This can cause the 

uncomfortable intestinal symptoms associated with lactose intolerance. Due to the adverse 

symptoms, people with lactose maldigestion typically avoid milk and dairy foods. 

Probiotics are live bacterial strains that could provide health benefits to the host by preventing 

the growth of ‘bad’ bacteria, improving gut barrier and integrity, and encouraging intestinal 

immune response, among other benefits. Prebiotics are typically dietary fibers that pass through 

the upper intestinal tract and serve as a food for the host bacteria and as a decoy for some toxins 

and pathogens. 

You will continue your typical dietary patterns throughout the study period, and no dietary 

changes are required for this study. The study will last for a total of 10 weeks. 

1st Stage 5 weeks – probiotics 2 capsules. One in AM and one in PM on an empty stomach. At 

the end of the five weeks, we will perform the hydrogen breath test and administer a set of 

questionairres, surveys, and educational lectures. 

2rd Stage 5 weeks – probiotics 2 capsules, plus 4 prebiotics twice daily. This means three pills in 

the morning and three pills in the evening (each time one probiotic and 2 prebiotic pills). At the 
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end of the five weeks, we will perform the hydrogen breath test and administer a set of 

questionairres, surveys, and educational lectures. 

Measurements and Surveys we will take: 

1. Height and weight 

2. Hydrogen Breath Test – this test is performed after a short period of fasting (typically 8–12 

hours). Participants will first have baseline hydrogen measured, by breathing into a special kit. 

Then participants will be asked to take a small amount of lactose (typically 20 to 25 g), and 

readings will be taken every 15, 30 and 60 minutes for three hours. 

3. Questionnaires to assess the severity of the gastrointestinal symptoms after consuming dairy 

foods (stomachache, abdominal distention, flatulence, heartburn, loose or hard stools) 

4. Survey for the acceptability and sustainability of both probiotics and the combination 

5. Dairy food and calcium intake will be assessed by utilizing a food frequency questionnaire 

6. Food Intake will be assessed by a separate 24-h recall with addition of a few general questions 

on eating habits, including frequency of meals, snacks, fruits, vegetables, and beverages. 

7. Knowledge Assessment – determines the amount of education participants already have about 

dairy products and health. 

RISKS AND INCONVENIENCES 

 Probiotics may result in mild flatulence, which should subside with continued use. FSU 

Human Subjects Committee Approved on 4/08/2013. Void after 3/12/2014. HSC # 

2013.10159 

 Prebiotics can cause flatulence, belching, abdominal pain, and bloating. These symptoms 

occur commonly, but are generally mild. 

 The lactose tolerance test and hydrogen breath test requires you to take a liquid that 

contains a specific amount of lactose. This can cause the same symptoms that eating 

dairy products can cause, such as gas, bloating, diarrhea, and GI discomfort. 

 The completion of the questionnaires, might take 30-40 minutes 

BENEFITS 

 Possible alleviation of gastrointestinal symptoms caused by dairy food consumption 

 Improvement of nutrient intake by being able to incorporate milk and dairy product into 

the diet 

 Increased knowledge and awareness of the health benefits of calcium and dairy foods 
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ECONOMIC CONSIDERATIONS 

 There will be no charge for participation in the study. 

 There will be no monetary awards for participation in the study 

CONFIDENTIALITY 

All information about you and your participation in this study will be confidential and your file 

will be kept private in a locked file cabinets for the next 10 years, after which time the files will 

be destroyed. We will use a code number to refer to the participants and the names will not 

appear in any publication. The FSU Institutional Review Board (IRB) and the Office of Research 

Compliance may inspect study records. 

IN CASE OF INJURY 

The FSU does not provide insurance converge to compensate you if you are injured during the 

research. However, you may still be eligible for compensation 

VOLUNTARY PARTICIPATION 

The participation in this study is voluntary and there is no penalty for nonparticipation. You do 

not have to be in this study if you do not want to. If you agree to be in the study, but later change 

your mind, you may drop out at any time. 

QUESTIONS 

Take as long as you like before you make a decision. We will be happy to answer any questions 

you have about this study. If you have further questions about this project or if you have a 

research-related problem, you may contact the principal investigator, Jasminka Ilich-Ernst, or co-

investigator Penny A. Ralston. You may also contact the FSU IRB Human Subjects Office at 

(850) 644-7900. 

 

 

Authorization: 

I have read this form and decided that _________________________________ will (name of 

subject) participate in the project described above. Its general purposes, the particulars of 
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involvement and possible hazards and inconveniences have been explained to my satisfaction. 

My signature also indicates that I have received a copy of this consent form. 

Signature:_________________________________ Date:______________________ 

___________________________________ _______________________________________ 

Signature of Primary Investigator OR Signature of Person Obtaining Consent FSU Human 

Subjects Committee Approved on 4/08/2013. Void after 3/12/2014. HSC # 2013.10159 
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 Dean’s List- FSU (2006-2008) 

 

PROFESSIONAL MEMBERSHIPS 

 Vitamin D Council Member 

 American Society of Nutrition Student Member 

 Students Understanding Nutrition Now Member  

 Phi Theta Kappa Chapter President, 2006  

 

SERVICE 

 Nutrition Food and Exercise Sciences Department, President and Representative - 

Graduate Student Advisory Council, FSU (August 2011 – present)  
o Liaise between students and faculty.  
o Director of  charitable events, coordinated Thanksgiving Feast and Spring Social 

Brunch  
o Organize educational colloquiums entitled, “Job Talks for Future Higher 

Education Positions” and “Funding and Grants: How to Obtain Awards and 
Fellowships.”  

o Organizing first annual FSU College of Human Sciences student-led 5K run/walk 
“Food Dash for Hunger” (2013) 

o Oversaw canned food drives each semester in the College of Human Sciences at 
FSU (2011-2013) 

 Participated in the “Carry the Torch” campaign for the 2008 Summer Olympics 
 Managed Relay for Life fundraiser and coordinated local chapter for Chipola College in 

Marianna, FL  (April 2006) 
 Volunteered with the Tallahassee Big Bend Homeless Coalition (2008)  
 Participated in 5K Run fundraisers to benefit the Humane Society (2009-2013) 
 Aided elderly blind woman with daily housework and tasks  in-house 2 days per week for 

2 years (2001-2003) 
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