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About the Program 

The National Institutes of Health (NIH) Consensus 
Development Program has been organizing major 
conferences since 1977. The Program generates 
Evidence-based consensus statements addressing 
controversial issues important to healthcare 
providers, policymakers, patients, researchers, and 
the general public. The NIH Consensus 
Development Program holds an average of three 
conferences a year. The Program is administered by 
the Office of Medical Applications of Research within 
the NIH Office of the Director. Typically, the 
conferences have one major NIH Institute or Center 
sponsor, with multiple cosponsoring agencies. 

Topic Selection 

NIH Consensus Development and State-of-the-
Science Conference topics must satisfy the 
following criteria: 

	 Broad public health importance. The severity of 
the problem and the feasibility of interventions are 
key considerations. 

	 Controversy or unresolved issues that can be 
clarified, or a gap between current knowledge and 
practice that can be narrowed. 

	 An adequately defined base of scientific 
information from which to answer conference 
questions such that the outcome does not depend 
primarily on subjective judgments of panelists. 

Conference Type 

Two types of conferences fall under the purview 
of the NIH Consensus Development Program: State­
of-the-Science Conferences and Consensus 
Development Conferences. Both conference types 
utilize the same structure and methodology; they 
differ only in the strength of the evidence 
surrounding the topic under consideration. When it 
appears that there is very strong evidence about a 
particular medical topic, but that the information is 
not in widespread clinical practice, a Consensus 
Development Conference is typically chosen to 
consolidate, solidify, and broadly disseminate strong 

Evidence-based recommendations for general 
practice. Conversely, when the available evidence 
is weak or contradictory, or when a common 
practice is not supported by high-quality evidence, 
the State-of-the-Science label is chosen. This 
highlights what evidence about a topic is available 
and what directions future research should take, and 
alerts physicians that certain practices are not 
supported by good data. 

Conference Process 

Before the conference, a systematic evidence 
review on the chosen topic is performed by one of 
the Agency for Healthcare Research and Quality’s 
Evidence-based Practice Centers. This report is 
provided to the panel members approximately 
6 weeks prior to the conference, and posted to the 
Consensus Development Program Web site once 
the conference begins, to serve as a foundation of 
high-quality evidence, upon which the conference 
will build. 

The conferences are held over 2-1/2 days. The first 
day and a half of the conference consist of plenary 
sessions, in which invited expert speakers present 
information, followed by ―town hall forums,‖ in which 
open discussion occurs among the speakers, 
panelists, and the general public in attendance. The 
panel then develops its draft statement on the 
afternoon and evening of the second day, and 
presents it on the morning of the third day for 
audience commentary. The panel considers these 
comments in executive session and may revise its 
draft accordingly. The conference ends with a press 
briefing, during which reporters are invited to 
question the panelists about their findings. 

Panelists 

Each conference panel comprises 12 to 16 
members, who can give balanced, objective, and 
informed attention to the topic. Panel members: 

	 Must not be employees of the U.S. Department of 
Health and Human Services. 

	 Must not hold financial or career (research) 
interests in the conference topic. 
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	 May be knowledgeable about the general topic 
under consideration, but must not have published 
on or have a publicly stated opinion on the topic. 

	 Represent a variety of perspectives, to include: 

– Practicing and academic health professionals 

– Biostatisticians and epidemiologists 

– Clinical trialists and researchers 

– Non-health professionals with expertise in fields 
relevant to the specific topic (ethicists, 
economists, attorneys, etc.) 

– Individuals representing public-centered values 
and concerns 

In addition, the panel as a whole should 
appropriately reflect racial and ethnic diversity. 
Panel members are not paid a fee or honorarium 
for their efforts. They are, however, reimbursed 
for travel expenses related to their participation in 
the conference. 

Speakers 

The conferences typically feature approximately 
21 speakers: 3 present the information found in the 
Evidence-based Practice Center’s systematic review 
of the literature; the other 18 are experts in the topic 
at hand, have likely published on the topic, and may 
have strong opinions or beliefs on the topic. Where 
multiple viewpoints on a topic exist, every effort is 
made to include speakers who address all sides of 
the issue. 

Conference Statements 

The panel’s draft report is released online late in the 
conference’s third and final day. The final report is 
released approximately 6 weeks later. During the 
intervening period, the panel may edit its statement 
for clarity and correct any factual errors that might be 
discovered. No substantive changes to the panel’s 
findings are made during this period. 

Each Consensus Development or State-of-the-
Science Conference Statement reflects an 
independent panel’s assessment of the medical 
knowledge available at the time the statement is 
written; as such, it provides a ―snapshot in time‖ of 
the state of knowledge on the conference topic. It 
is not a policy statement of the NIH or the 
Federal Government. 

Dissemination 

Consensus Development and State-of-the-Science 
Conference Statements have robust dissemination: 

	 A press briefing is held on the last day of the 
conference to assist journalists in preparing news 
stories on the conference findings. 

	 The statement is published online at 
consensus.nih.gov. 

	 The conference statement is published in a major 
peer-reviewed journal. 

	 Print copies are mailed to a wide variety of 
targeted audiences and are available at no charge 
through a clearinghouse. 

Contact Us 

For conference schedules, past statements, and 
evidence reports, please contact us: 

NIH Consensus Development Program 
Information Center 

P.O. Box 2577 
Kensington, MD 20891 

1-888-NIH-CONSENSUS (888-644-2667) 
consensus.nih.gov 
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NIH Consensus 
Development Conference: 

NIH State-of-the-Science 
Conference: 

NIH Consensus 
Development Conference: 

Upcoming Conferences 

Vaginal Birth After Cesarean: New Insights 
March 8–10, 2010 

Preventing Alzheimer’s Disease and Cognitive Decline 
April 26–28, 2010 

Inhaled Nitric Oxide Therapy for Premature Infants 
October 27–29, 2010 

To receive registration notifications and updates about conferences and other program 
activities, please join the NIH Consensus Development Program Information Network at 
consensus.nih.gov/alerts.htm. 

NIH State-of-the-Science 
Conference: 

NIH State-of-the-Science 
Conference: 

NIH State-of-the-Science 
Conference: 

NIH Consensus 
Development Conference: 

NIH Consensus 
Development Conference: 

NIH State-of-the-Science 
Conference: 

NIH State-of-the-Science 
Conference: 

NIH State-of-the-Science 
Conference: 

NIH State-of-the-Science 
Conference: 

NIH State-of-the-Science 
Conference: 

NIH State-of-the-Science 
Conference: 

Recent Conferences 

Enhancing Use and Quality of Colorectal Cancer Screening 
February 2–4, 2010 

Diagnosis and Management of Ductal Carcinoma In Situ (DCIS) 
September 22–24, 2009 

Family History and Improving Health 
August 24–26, 2009 

Management of Hepatitis B 
October 20–22, 2008 

Hydroxyurea Treatment for Sickle Cell Disease 
February 25–27, 2008 

Prevention of Fecal and Urinary Incontinence in Adults 
December 10–12, 2007 

Tobacco Use: Prevention, Cessation, and Control 
June 12–14, 2006 

Multivitamin/Mineral Supplements and Chronic Disease 
Prevention 
May 15–17, 2006 

Cesarean Delivery on Maternal Request 
March 27–29, 2006 

Manifestations and Management of Chronic Insomnia in Adults 
June 13–15, 2005 

Management of Menopause-Related Symptoms 
March 21–23, 2005 

To access previous conference statements, videocasts, evidence reports, and other conference 
materials, please visit consensus.nih.gov. 
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General Information
 

Continuing Education 

The NIH Consensus Development Program aspires to offer continuing education credits to as 
many conference attendees as possible. If your preferred credit type is not listed, please check 
to see if your credentialing body will honor other types of credit. 

Please note that continuing education credits are not available for Webcast viewers. 

Continuing Medical Education 

This activity has been planned and implemented in accordance with the Essential Areas and 
Policies of the Accreditation Council for Continuing Medical Education (ACCME®) through the 
joint sponsorship of the Centers for Disease Control and Prevention (CDC) and the NIH. The 
CDC is accredited by the ACCME to provide continuing medical education for physicians. 

The CDC designates this educational activity for a maximum of 13.5 AMA PRA Category 1 
Credits™. Physicians should only claim credit commensurate with the extent of their 
participation in the activity. 

Continuing Education Designated for Non-Physicians 

Non-physicians will receive a certificate of participation. 

Dietitians 

Registered Dietitians (RDs) and Dietetic Technicians Registered (DTRs) may receive up to 13.5 
CPEUs for attending this activity. 

Continuing Nursing Education 

The CDC is accredited as a provider of continuing nursing education (CNE) by the American 
Nurses Credentialing Center’s Commission on Accreditation. 

This activity provides 13.0 contact hours. 

Continuing Education Contact Hours 

The CDC is a designated provider of continuing education contact hours (CECH) in health 
education by the National Commission for Health Education Credentialing, Inc. This program is 
a designated event for the certified health education specialists (CHES) to receive 13.0 
Category 1 contact hours in health education, CDC provider number GA0082. 

Continuing Nutrition Education (CNE) 

The Certification Board for Nutrition Specialists, an arm of the American College of Nutrition, 
authorizes the award of 13.5 Continuing Nutrition Education (CNE) credits for full attendance at 
the NIH Consensus Development Conference: Lactose Intolerance and Health, February 22-24, 
2010. For more information about the American College of Nutrition, please visit their web site 
at: www.americancollegeofnutrition.org. 
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Financial Disclosures 

CDC, our planners, and our presenters wish to disclose they have no financial interests or other 
relationships with the manufacturers of commercial products, suppliers of commercial services, 
or commercial supporters with the exception of the following: 

Planning Committee Company Financial relationship 

Winston Price, M.D., FAAP National Dairy Council Honorarium, speaker, consultant 

Speakers Company Financial Relationship 

Catherine M. Gordon, M.D., M.Sc. Gilead Sciences 

Pfizer, Inc./Merck & Co., Inc. 

Honorarium, consultant 

Salary, Associate Director – 
Clinical Investigator Training 
Program, Harvard/MIT with 
Pfizer/Merck 

Susan L. Johnson, Ph.D. Dannon Honorarium, board member 

Jeanette Newton Keith, M.D. National Dairy 
Council/International Dairy 
Foods Association 

A.S.P.E.N. Rhoads 
Research Foundation 

Proctor & Gamble 

Sprim International 

NPS Pharmaceuticals 

CTK Clinical Consultants 

Honorarium, speaker’s bureau 

Grant funding, investigator 

Grant funding, investigator 

Honorarium, consulting 

Honorarium, consulting, Drug 
Safety Monitoring Board 

Family relationship, spouse 

David S. Newburg, Ph.D. Glycosyn, Inc. 

Mead Johnson Nutrition 

Wyeth (now Pfizer, Inc.) 

Stock, board 

Honorarium, speaking 
and teaching 

Honorarium, speaking and 
teaching 

Mary Ellen Sanders, Ph.D. Proctor & Gamble 

Yakult 

Wyeth (now Pfizer, Inc.) 

Cadbury Global 

Danisco 

Ganeden Biotech, Inc. 

Dannon/Danone 

Mead Johnson Nutrition 

Clif Bar & Company 

Kraft Foods 

Nutrition 21 

Fee for service, consultant 

Fee for service, consultant 

Fee for service, consultant 

Fee for service, consultant 

Fee for service, consultant 

Fee for service, consultant 

Fee for service, consultant 

Fee for service, consultant 

Fee for service, consultant 

Fee for service, consultant 

Fee for service, consultant 

Andrew Szilagyi, M.D., 
FRCPC 

Novartis 

Ferring Pharmaceuticals 

Abbott 

Honorarium, speaker 

Honorarium, consultant 

Honorarium, speaker 

Janet E. Taylor, M.D., M.P.H. AstraZeneca 
Pharmaceuticals 

Honorarium, speaker, 
consultant 
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Planning Committee Members 
and Speakers Company Financial Relationship 

Richard J. Grand, M.D. Solvay Pharmaceuticals Honorarium, consultant 

Josef Neu, M.D. Mead Johnson Nutrition 

Abbott 

Nestle 

Life Sciences, Environs 

Medela Medical 

Research grant, researcher 

Honorarium, consultant 

Honorarium, researcher 

Consultant 

Honorarium, advisory board 

Dennis A. Savaiano, Ph.D. Ritter Pharmaceuticals Stock, consulting fees 

Connie M. Weaver, Ph.D. Pharmavite 

Wyeth (now Pfizer, Inc.) 

Cadbury Schweppes 
Sara Lee 
GTC Biotherapeutics 

Honorarium, advisory board 

Honorarium, advisory board 

Honorarium, advisory board 

Honorarium, board member 

Honorarium, board member 

Presentations will not include any discussion of the unlabeled use of a product or a product 
under investigational use with the exception of Dr. Mary Ellen Sanders’s discussion on 
probiotics. She will be discussing evidence for the use of live microbes to help lactose 
maldigesters to be able to consume lactose-containing dairy products with fewer 
symptoms/discomfort. These products are generally not labeled for this function. 

There is no commercial support for this activity. 

Policy on Panel Disclosure 

Panel members signed a confirmation that they have no financial or other conflicts of interest 
pertaining to the topic under consideration. 

Videocast 

Live and archived videocasts may be accessed at videocast.nih.gov. Archived videocasts will 
be available approximately 1 week after the conference. 

Dining 

The dining center in the Natcher Conference Center is located on the main level, one floor 
above the auditorium. It is open from 6:30 a.m. to 2:30 p.m., serving hot breakfast and lunch, 
sandwiches and salads, and snack items. An additional cafeteria is available from 7:00 a.m. to 
3:30 p.m., in Building 38A, Level B1, across the street from the main entrance to the Natcher 
Conference Center. 

Online Content 

All materials issuing from the NIH Consensus Development Program are available at 
consensus.nih.gov. Additionally, remote participants will have the opportunity to provide 
comments on the panel statement by visiting consensus.nih.gov/comments.htm from 
8:30 a.m. to 11:30 a.m. on Wednesday, February 24, 2010. 
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Background
 

Lactose intolerance is the inability to digest significant amounts of lactose, a sugar found in milk 
and other dairy products. Lactose intolerance is caused by a shortage of the enzyme lactase, 
which is produced by expression of the lactase-phlorizin hydrolase gene by the cells that line 
the small intestine. Lactase breaks milk sugar down into two simpler forms of sugar called 
glucose and galactose, which are then absorbed into the bloodstream. Infants of every racial 
and ethnic group worldwide produce lactase and successfully digest lactose provided by human 
milk or by infant formulas. However, by the time many of the world’s children reach the age of 3­
4 years, expression of intestinal lactase ceases. Most affected individuals–referred to as lactase 
nonpersisters–in the United States belong to minority groups, especially Asians, African 
Americans, Hispanics, Native Americans, Alaskan Natives, and Pacific Islanders. 

Consumption of lactose-containing products by lactase nonpersisters may cause gas 
production, bloating, abdominal pain, and diarrhea. These symptoms of lactose intolerance are 
caused by intestinal bacteria’s fermentation of undigested lactose and often cause individuals to 
avoid lactose-containing products. Lactose intolerance can be diagnosed by drinking one to two 
large glasses of milk after fasting and measuring breath hydrogen levels a few hours later. 
Other diagnostic tools include analyzing an intestinal biopsy sample or determining the genetic 
makeup of the chromosomal region coding for lactase. However, many individuals mistakenly 
ascribe symptoms of a variety of intestinal disorders to lactose intolerance without undergoing 
testing. This becomes intergenerational when self-diagnosed lactose-intolerant parents place 
their children on lactose-restricted diets in the belief that the condition is hereditary. 

Healthcare providers are concerned that many lactose-intolerant individuals are avoiding dairy 
products, which constitute a readily accessible source of calcium and are fortified with vitamin D 
and other nutrients. Therefore, these individuals may not be meeting recommended intakes of 
these essential nutrients. Insufficient intakes of calcium carry a risk of decreased bone mineral 
density. This may have effects on bone health and increase the risk of fracture throughout the 
lifecycle, especially in postmenopausal women. Very low intake of vitamin D can lead to the 
development of rickets, especially in those of African descent and other highly pigmented 
individuals. Although milk alternative products are typically fortified with vitamin D and other 
nutrients, they are often more expensive and less widely available than conventional products. 

The public health burden from deficiencies attributable to lactose intolerance is difficult to 
quantify. Additionally, it is challenging to identify and manage lactase nonpersisters. Questions 
remain as to the amount, if any, of lactose that can be tolerated by lactose nonpersisters and 
how best to assist these individuals in meeting recommended intakes. To examine these 
important issues, the Eunice Kennedy Shriver National Institute of Child Health and Human 
Development and the Office of Medical Applications of Research of the National Institutes of 
Health has convened Consensus Development Conference from February 22 to 24, 2010, to 
assess the available scientific evidence related to the following questions: 

	 What is the prevalence of lactose intolerance, and how does this prevalence differ 
by race, ethnicity, and age? 

	 What are the health outcomes of dairy exclusion diets? 
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 What amount of daily lactose intake is tolerable in subjects with diagnosed 
lactose intolerance? 

	 What strategies are effective in managing individuals with diagnosed 
lactose intolerance? 

	 What are the future research needs for understanding and managing 
lactose intolerance? 
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About the Artwork
 

The conference artwork is a stylized representation of two milk cartons: one, a mirror image of 
the other. Infants of every racial and ethnic group worldwide produce the enzyme lactase, 
allowing them to successfully digest the lactose provided by human milk or by infant formulas. 
However, by the time many of the world’s children reach the age of 3–4 years, expression of 
intestinal lactase ceases. Some affected individuals—referred to as lactase nonpersisters—may 
experience gastrointestinal symptoms with the consumption of lactose-containing foods such as 
dairy products. 

The image was conceived and created by Bryan Ewsichek of the National Institutes of Health 
Division of Medical Arts and is in the public domain. No permission is required to use the image. 
Please credit ―Bryan Ewsichek/NIH Medical Arts.‖ 
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Agenda
 

Monday, February 22, 2010 

8:30 a.m. Opening Remarks 
Alan E. Guttmacher, M.D. 
Acting Director 
Eunice Kennedy Shriver National Institute of Child 

Health and Human Development 
National Institutes of Health 

8:40 a.m. Charge to the Panel 
Jennifer M. Croswell, M.D., M.P.H. 
Acting Director 
Office of Medical Applications of Research 
Office of the Director 
National Institutes of Health 

8:50 a.m. Conference Overview and Panel Activities 
Frederick J. Suchy, M.D. 
Panel and Conference Chairperson 
Professor of Pediatrics 
Chief of Pediatric Hepatology 
The Jack and Lucy Clark Department of Pediatrics 
Mount Sinai School of Medicine of New York University 
Mount Sinai Kravis Children’s Hospital 

Overview of Topic 

9:00 a.m. Early Feeding, Human Milk, and the Transition 
Josef Neu, M.D. 
Professor 
Department of Pediatrics 
University of Florida College of Medicine 

9:20 a.m. Nutritive Value of Milk and Alternative Sources 
Nancy F. Krebs, M.D., M.S. 
Professor of Pediatrics and Head of Section of Nutrition 
Department of Pediatrics 
Health Sciences Center 
University of Colorado at Denver 

9:40 a.m. Cellular and Molecular Biology of Lactase 
Eric Sibley, M.D., Ph.D. 
Associate Professor 
Divison of Pediatrics-Gastroenterology 
Stanford University School of Medicine 
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Monday, February 22, 2010 (continued) 

10:00 a.m. Discussion 
Participants with questions or comments for the speakers should proceed to 
the designated microphones and wait to be recognized by the panel chairperson. 
Please state your name and affiliation. Questions and comments not heard 
before the close of the discussion period may be submitted on the computers in 
the registration area. Please be aware that all statements made at the 
microphone or submitted later are in the public domain. 

10:30 a.m. What Is Lactose Intolerance and How To Measure It 
Richard J. Grand, M.D. 
Professor of Pediatrics 
Harvard Medical School 
Program Director 
Clinical and Translational Study Unit 
Director 
Center for Inflammatory Bowel Disease 
Children's Hospital Boston 

10:50 a.m. Clinical Presentation and Approach: But What if It Is Not Lactose Intolerance? 
Lin Chang, M.D. 
Codirector 
Center for Neurobiology of Stress 
Professor of Medicine 
David Geffen School of Medicine 
University of California, Los Angeles 

11:10 a.m. Discussion 

I. What Is the Prevalence of Lactose Intolerance, and How Does This Prevalence 
Differ by Race, Ethnicity, and Age? 

11:30 a.m. Population Genetics: Evolutionary History of Lactose Tolerance in Africa 
Sarah A. Tishkoff, Ph.D. 
Associate Professor
 
Departments of Genetics and Biology
 
David and Lyn Silfen University
 
University of Pennsylvania
 

11:50 a.m. Lactose Intolerance and Ethnic Prevalence 
Wilma J. Wooten, M.D., M.P.H. 
President
 
San Diego Chapter
 
National Medical Association
 
San Diego County Health Officer
 

6 



 

 

    

           
   

   
  

      
   

 
   

     
   

         
       

   
      

 
  

 
    

   
     

  
 

        

       
   

   
   

    
    

 
 

          
      
    

  
   

    
  

 

Monday, February 22, 2010 (continued) 

I. What Is the Prevalence of Lactose Intolerance, and How Does This Prevalence 
Differ by Race, Ethnicity, and Age? (continued) 

12:10 p.m.	 Lunch 
Panel Executive Session 

1:10 p.m.	 Aging: Lactose Intolerance and Calcium Absorption in the Elderly 
Richard J. Wood, Ph.D. 
Associate Professor
 
Department of Nutrition
 
School of Public Health & Health Sciences
 
University of Massachusetts
 

1:30 p.m.	 Evidence-based Practice Center (EPC) Presentation I: Methods of Systematic 
Review and the Prevalence of Lactose Intolerance and Differences by Race, 
Ethnicity, and Age 
Timothy J. Wilt, M.D., M.P.H. 
Codirector 
Minnesota Evidence-based Practice Center 
Core Investigator 
Minneapolis Veterans Affairs Center for Chronic Disease Outcomes Research 
Professor of Medicine 
University of Minnesota School of Medicine 

1:50 p.m.	 Discussion 

II. What Are the Health Outcomes of Dairy Exclusion Diets? 

2:30 p.m.	 Consequences of Excluding Dairy, Milk Avoiders, Calcium 
Requirements in Children 
Connie M. Weaver, Ph.D. 
Distinct Professor and Head 
College of Consumer and Family Sciences 
Department of Foods and Nutrition 
Purdue University 

2:50 p.m.	 Consequences of Excluding Dairy or of Avoiding Milk in Adults 
Robert P. Heaney, M.D., FACP, FACN 
John A. Creighton University Professor 
Osteoporosis Research Center 
Professor of Medicine 
School of Medicine 
Creighton University 
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Monday, February 22, 2010 (continued) 

II. What Are the Health Outcomes of Dairy Exclusion Diets? (continued) 

3:10 p.m.	 Evidence-based Practice Center Presentation II: 
The Bone Health Outcomes of Dairy Exclusion Diets 
Timothy J. Wilt, M.D., M.P.H. 
Codirector 
Minnesota Evidence-based Practice Center 
Core Investigator 
Minneapolis Veterans Affairs Center for Chronic 

Disease Outcomes Research 
Professor of Medicine 
University of Minnesota School of Medicine 

3:30 p.m.	 Discussion 

III. What Amount of Daily Lactose Intake Is Tolerable in Subjects With Diagnosed 
Lactose Intolerance? 

4:00 p.m.	 Adaptation to Lactose Intolerance 
Andrew Szilagyi, M.D., FACN, FRCPC 
Assistant Professor of Medicine 
McGill University School of Medicine 
Department of Medicine 
Division of Gastroenterology 
The Sir Mortimer B. Davis Jewish General Hospital 

4:20 p.m.	 Dosing, Symptoms and Tolerable Doses of Lactose 
Dennis A. Savaiano, Ph.D. 
Professor and Dean
 
College of Consumer and Family Sciences
 
Department of Foods and Nutrition
 
Purdue University
 

4:40 p.m.	 Evidence-based Practice Center Presentation III: The Tolerable Amount of 
Lactose Intake in Subjects With Diagnosed Lactose Intolerance 
Michael Levitt, M.D. 
Professor
 
Minneapolis Veterans Affairs Medical Center
 
Division of Gastroenterology
 
Department of Medicine
 
University of Minnesota
 

5:00 p.m.	 Discussion 

5:30 p.m.	 Adjournment 
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Tuesday, February 23, 2010 

IV. What Strategies Are Effective in Managing Individuals With Diagnosed 
Lactose Intolerance? 

8:30 a.m.	 Prebiotics and Lactose Intolerance 
David S. Newburg, Ph.D. 
Associate Professor of Pediatrics 
Harvard Medical School 
Director 
Program in Glycobiology, Pediatric Gastroenterology and Nutrition 
Massachusetts General Hospital 

8:50 a.m.	 Strategies for Managing Individuals With Diagnosed Lactose 
Intolerance: Probiotics 
Mary Ellen Sanders, Ph.D. 
Consultant 
Dairy and Food Culture Technologies 
Executive Director 
International Scientific Association for Probiotics and Prebiotics 

9:10 a.m.	 Treatment Recommendations in Adults With Diagnosed Lactose Intolerance 
Jeanette N. Keith, M.D. 
Associate Professor
 
Department of Nutrition Sciences 

Department of Medicine
 
The University of Alabama at Birmingham
 

9:30 a.m.	 Treatment Recommendations in Children 
Catherine M. Gordon, M.D., M.Sc. 
Director 
Children's Hospital Bone Health Program 
Adolescent/Young Adult Medicine and Endocrinology 
Children's Hospital Boston 
Associate Professor of Pediatrics 
Harvard Medical School 

9:50 a.m.	 Discussion 

10:30 a.m.	 Evidence-based Practice Center Presentation IV: Effective Strategies for the 
Management of Individuals With Diagnosed Lactose Intolerance 
Aasma Shaukat, M.D., M.P.H. 
Investigator
 
Minneapolis Veterans Affairs Medical Center
 
Division of Gastroenterology
 
Department of Medicine
 
University of Minnesota
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Tuesday, February 23, 2010 (continued) 

IV. What Strategies Are Effective in Managing Individuals With Diagnosed Lactose 
Intolerance? (continued) 

10:50 a.m. Behavioral Factors Related to Lactose Intolerance and Bone Consequences 
Susan L. Johnson, Ph.D. 
Associate Professor 
Department of Pediatrics 
Section of Nutrition 
University of Colorado Denver 
Anschutz Medical Center 

11:10 a.m. Psychological Impacts: Strategies Effective in Managing Individuals Diagnosed 
With Lactose Intolerance 
Janet E. Taylor, M.D., M.P.H. 
Psychiatrist 
Private Practice 

11:30 a.m. Discussion 

Noon Adjournment 

Wednesday, February 24, 2010 

9:00 a.m. Presentation of the Draft Consensus Statement 
The panel chairperson will read the draft statement to the assembled audience. 

9:30 a.m. Public Discussion 
The panel chairperson will call for questions and comments from the audience on 
the draft statement, beginning with the introduction and continuing through each 
subsequent section, in turn. Please confine your comments to the section under 
discussion. The chairperson will use discretion in proceeding to subsequent 
sections so that comments on the entire statement may be heard during the time 
allotted. Participants with comments should proceed to the designated 
microphones and wait to be recognized by the panel chairperson. Please state 
your name and affiliation. Questions and comments not heard before the close of 
the discussion period may be submitted on the computers in the registration 
area. For participants viewing the remote Webcast, comments may be submitted 
online at consensus.nih.gov/comments.htm. Comments will not be accepted 
after 11:30 a.m. Please be aware that all statements made at the microphone or 
submitted later are in the public domain. 

11:00 a.m. Adjournment 

Panel Meets in Executive Session 
The public portion of the conference ends at 11:00 a.m. The panel meets in its 
last executive session to review public comments on the draft statement. 
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Wednesday, February 24, 2010 (continued) 

2:00 p.m.	 Press Telebriefing 
The panel will provide a summary of its findings to the press and will answer 
questions from reporters via telebriefing. Only members of the press are 
permitted to ask questions of the panel during this time. Interested conference 
participants who are not members of the press may call in (from a remote 
location) to listen to the live telebriefing. Please go to consensus.nih.gov for 
instructions on joining the call. 

The panel’s draft statement will be posted to consensus.nih.gov as soon as 
possible after the close of proceedings, and the final statement will be posted 4 
to 6 weeks later. 
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Panel 


Panel Chairperson: Frederick J. Suchy, M.D. 
Panel and Conference Chairperson 
Professor of Pediatrics 
Chief of Pediatric Hepatology 
Jack and Lucy Clark Department of Pediatrics 
Mount Sinai School of Medicine of New York University 
Mount Sinai Kravis Children's Hospital 
New York, New York 

Patsy M. Brannon, Ph.D., R.D. 
Professor 
Division of Nutritional Sciences 
Cornell University 
Ithaca, New York 

Thomas O. Carpenter, M.D. 
Director 
Yale Center for X-linked Hypophosphatemia 
Professor 
Department of Pediatrics 
Yale School of Medicine 
New Haven, Connecticut 

Jose R. Fernandez, Ph.D. 
Associate Professor 
Department of Nutrition Sciences 
Division of Physiology and Metabolism 
The University of Alabama at Birmingham 
Birmingham, Alabama 

Vicente Gilsanz, M.D., Ph.D. 
Director 
Radiology Department 
Children’s Imaging Research Program 
Children’s Hospital Los Angeles 
Los Angeles, California 

Jeffrey B. Gould, M.D., M.P.H. 
Robert L. Hess Professor in 

Pediatrics-Neonatology 
Stanford University 
Stanford, California 

Karen Hall, M.D., Ph.D. 
Research Scientist 
Geriatric Research, Education, and 

Clinical Center 
Veterans Affairs Ann Arbor Healthcare System 
Clinical Associate Professor 
Department of Internal Medicine 
University of Michigan Medical School 
Ann Arbor, Michigan 

Siu L. Hui, Ph.D. 
Professor 
Department of Medicine 
Division of Biostatistics 
Senior Biostatistician 
Center for Aging Research 
Indiana University School of Medicine 
Senior Scientist 
Regenstrief Institute 
Indianapolis, Indiana 

Joanne Lupton, Ph.D. 
Distinguished Professor 
William W. Allen Endowed Chair in 

Human Nutrition 
Department of Nutrition and Food Science 
Texas A&M University 
College Station, Texas 

Julie Mennella, Ph.D. 
Member 
Monell Chemical Senses Center 
Philadelphia, Pennsylvania 
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Natalie J. Miller 
Graduate Student 
Combined Veterinary Medicine (VMD) and 

Ph.D. Program 
School of Veterinary Medicine 
University of Pennsylvania 
Co-founder 
Cares4Pets 
Philadelphia, Pennsylvania 

Stavroula Kalis Osganian, M.D., 
Sc.D., M.P.H. 

Assistant Professor 
Harvard University 
Director 
Clinical Research Program 
Children’s Hospital Boston 
Boston, Massachusetts 

Deborah E. Sellmeyer, M.D. 
Associate Professor of Medicine 
Director 
Metabolic Bone Center 
Johns Hopkins Bayview Medical Center 
Baltimore, Maryland 

Marshall A. Wolf, M.D. 
Professor of Medicine 
Brigham and Women’s Hospital 
Harvard Medical School 
Boston, Massachusetts 
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Speakers
 

Lin Chang, M.D. 
Codirector 
Center for Neurobiology of Stress 
Professor of Medicine 
David Geffen School of Medicine 
University of California, Los Angeles 
Los Angeles, California 

Catherine M. Gordon, M.D., M.Sc. 
Director 
Children's Hospital Bone Health Program 
Adolescent/Young Adult Medicine 

and Endocrinology 
Children's Hospital Boston 
Associate Professor of Pediatrics 
Harvard Medical School 
Boston, Massachusetts 

Richard J. Grand, M.D. 
Professor of Pediatrics 
Harvard Medical School 
Program Director 
Clinical and Translational Study Unit 
Director 
Center for Inflammatory Bowel Disease 
Children's Hospital Boston 
Boston, Massachusetts 

Alan E. Guttmacher, M.D. 
Acting Director 
Eunice Kennedy Shriver National Institute of 

Child Health and Human Development 
National Institutes of Health 
Bethesda, Maryland 

Robert P. Heaney, M.D., FACP, FACN 
John A. Creighton University Professor 
Osteoporosis Research Center 
Professor of Medicine 
School of Medicine 
Creighton University 
Omaha, Nebraska 

Susan L. Johnson, Ph.D. 
Associate Professor 
Department of Pediatrics 
Section of Nutrition 
University of Colorado Denver 
Anschutz Medical Center 
Denver, Colorado 

Jeanette N. Keith, M.D. 
Associate Professor 
Department of Nutrition Sciences 
Department of Medicine 
The University of Alabama at Birmingham 
Birmingham, Alabama 

Nancy F. Krebs, M.D., M.S. 
Professor of Pediatrics and Head of 

Section of Nutrition 
Department of Pediatrics 
Health Sciences Center 
University of Colorado at Denver 
Aurora, Colorado 

Michael Levitt, M.D. 
Professor 
Minneapolis Veterans Affairs 

Medical Center 
Division of Gastroenterology 
Department of Medicine 
University of Minnesota 
Minneapolis, Minnesota 

Josef Neu, M.D. 
Professor 
Department of Pediatrics 
University of Florida College of Medicine 
Gainesville, Florida 

David S. Newburg, Ph.D. 
Associate Professor of Pediatrics 
Harvard Medical School 
Director 
Program in Glycobiology, Pediatric 

Gastroenterology and Nutrition 
Massachusetts General Hospital 
Charlestown, Massachusetts 
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Mary Ellen Sanders, Ph.D. 
Consultant 
Dairy and Food Culture Technologies 
Executive Director 
International Scientific Association for 

Probiotics and Prebiotics 
Centennial, Colorado 

Dennis A. Savaiano, Ph.D. 
Professor and Dean 
College of Consumer and Family Sciences 
Department of Foods and Nutrition 
Purdue University 
West Lafayette, Indiana 

Aasma Shaukat, M.D., M.P.H. 
Investigator 
Minneapolis Veterans Affairs 

Medical Center 
Division of Gastroenterology 
Department of Medicine 
University of Minnesota 
Minneapolis, Minnesota 

Eric Sibley, M.D., Ph.D. 
Associate Professor 
Divison of Pediatrics-Gastroenterology 
Stanford University School of Medicine 
Stanford, California 

Andrew Szilagyi, M.D., FACN, FRCPC 
Assistant Professor of Medicine 
McGill University School of Medicine 
Department of Medicine 
Division of Gastroenterology 
The Sir Mortimer B. Davis Jewish 

General Hospital 
Montreal, Quebec 
Canada 

Janet E. Taylor, M.D., M.P.H. 
Psychiatrist 
Private Practice 
New York, New York 

Sarah A. Tishkoff, Ph.D. 
Associate Professor 
Departments of Genetics and Biology 
David and Lyn Silfen University 
University of Pennsylvania 
Philadelphia, Pennsylvania 

Connie M. Weaver, Ph.D. 
Distinct Professor and Head 
College of Consumer and Family Sciences 
Department of Foods and Nutrition 
Purdue University 
West Lafayette, Indiana 

Timothy J. Wilt, M.D., M.P.H. 
Codirector 
Minnesota Evidence-based Practice Center 
Core Investigator 
Minneapolis Veterans Affairs Center for 

Chronic Disease Outcomes Research 
Professor of Medicine 
University of Minnesota School of Medicine 
Minneapolis, Minnesota 

Richard J. Wood, Ph.D. 
Associate Professor 
Department of Nutrition 
School of Public Health & Health Sciences 
University of Massachusetts 
Amherst, Massachusetts 

Wilma J. Wooten, M.D., M.P.H. 
President 
San Diego Chapter 
National Medical Association 
San Diego County Health Officer 
San Diego, California 
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Planning Committee 
Chairperson: Gilman D. Grave, M.D. 
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Endocrinology, Nutrition, and Growth Branch 
Acting Director 
Center for Research for Mothers and Children 
Eunice Kennedy Shriver National Institute of 

Child Health and Human Development 
National Institutes of Health 
Bethesda, Maryland 

Lisa Ahramjian, M.S. 
Communications Specialist 
Office of Medical Applications of Research 
Office of the Director 
National Institutes of Health 
Bethesda, Maryland 

Stephanie Chang, M.D., M.P.H. 
Medical Officer 
Evidence-based Practice Centers Program 
Center for Outcomes and Evidence 
Agency for Healthcare Research 

and Quality 
Rockville, Maryland 

Richard J. Grand, M.D. 
Professor of Pediatrics 
Harvard Medical School 
Program Director 
Clinical and Translational Study Unit 
Director 
Center for Inflammatory Bowel Disease 
Children's Hospital Boston 
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Geriatrics and Clinical Gerontology Program 
National Institute on Aging 
National Institutes of Health 
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National Institutes of Health 
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Public Health Nutrition and Health 
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Division of Nutrition and 

Research Coordination 
National Institutes of Health 
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Associate Director for Disease Prevention 
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Office of Medical Applications of Research 
Office of the Director 
National Institutes of Health 
Bethesda, Maryland 

Kelli K. Marciel, M.A. 
Communications Director 
Office of Medical Applications of Research 
Office of the Director 
National Institutes of Health 
Bethesda, Maryland 

Planning Committee members provided their input at a meeting held October 7–9, 2008. 
The information provided here was accurate at the time of that meeting. 
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Planning Committee members provided their input at a meeting held October 7–9, 2008. 
The information provided here was accurate at the time of that meeting. 
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Abstracts
 

The abstracts are designed to inform the panel and conference participants, as well as to serve 
as a reference document for any other interested parties. We would like to thank the speakers 
for preparing and presenting their findings on this important topic. 

The organizers would also like to thank the planning committee, the panel, the Minnesota 
Evidence-based Practice Center, and the Agency for Healthcare Research and Quality. We 
would also like to thank the National Institute of Diabetes and Digestive and Kidney Diseases, 
Division of Nutrition Research Coordination, the National Institute on Aging, the Office of Dietary 
Supplements and the U.S. Department of Agriculture. We appreciate your continued interest in 
both the NIH Consensus Development Program and the area of lactose intolerance. 

Please note that where multiple authors are listed on an abstract, the underline denotes the 
presenting author. 
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Early Feeding, Human Milk, and the Transition 

Josef Neu, M.D. 

Lactose, a disaccharide that comprises the monosaccharide glucose and galactose, is 
the primary carbohydrate found exclusively in mammalian milk. Lactase, the enzyme 
that splits the bond linking the glucose and galactose moieties of lactose, is localized 
primarily to the tips of the small intestinal villi. In premature babies, infants, and young 
children, congenital lactase deficiency is rare, but other forms of aberrations in the 
lactase enzyme occur and affect tolerance to the disaccharide. Studies from the 1970s 
demonstrated relatively low activities of lactase from intestine from fetuses or abortuses 
when compared to the other disaccharidases.1 This so-called ―developmental lactase 
deficiency‖ has been used as a premise to add non-lactose-containing carbohydrates to 
formulas designed for premature infants. Using stable isotope technology and breath 
hydrogen excretion in premature babies, one study validated a ―deficiency‖ of lactose 
absorption in premature infants.2 It showed that lactose does reach the colon, and that 
fermentation in the colon likely takes place, with beneficial effects. It was concluded that 
despite less than 100% efficiency of lactose digestion, replacement of lactose with other 
sugars may not be necessary for routine feeding of preterm infants. In another set of 
studies, lactase activity increased significantly over time.3 Infants who were started on 
relatively early enteral feedings had greater lactase activity at 10 days of age (by 100%) 
and 28 days of age (by 60%) than the group started on delayed feedings. At 10 days of 
age, lactase activity was greater in human milk-fed versus formula-fed infants. It was 
concluded that early feeding increases intestinal lactase activity in preterm infants. 

In the past few years, with improved understanding of intestinal microflora and host 
interactions, the role of lactose as a potential prebiotic in lactase-deficient and 
nonpersistent subjects is being considered.4 Bacterial metabolism of colonic lactose 
lowers the fecal pH, which has a beneficial effect, favoring certain organisms in lieu of 
potential pathogens. 

Many perceptions of what constitutes lactose intolerance in infants and how to treat 
these entities have been debated. Lactose-free and reduced lactose formulas are 
widely available for use in infants. However, the majority of lactase deficiencies in 
infants are transient and due to diarrheal illness. In most cases of acute gastroenteritis, 
enough lactose digestion and absorption are preserved so that low-lactose and lactose-
free formulas have no clinical advantages compared with standard lactose-containing 
formulas except in severely undernourished children, in whom lactose-containing 
formulas may worsen the diarrhea and lactose-free formula may be advantageous.5 The 
American Academy of Pediatrics has reviewed breast feeding in cases of diarrhea and 
has concluded that breast-fed infants should be continued on human milk in all cases.6 

Although lactose-free cow milk protein-based formulae are readily available and 
popular, the data to support that they have a positive impact on several outcomes 
including colic, growth, and development are lacking.7 
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Nutritive Value of Milk and Alternative Sources 

Nancy F. Krebs, M.D., M.S. 

Milk and dairy products provide an important dietary source of several nutrients, 
including especially calcium. Due to broad-scale fortification, milk also is a major source 
of vitamin D in the U.S. diet. Relevant to the topic of the Consensus Conference, 
lactose intolerance, this paper will address the following areas: (1) the nutritional 
composition of selected milk and dairy products; (2) alternative food sources of nutrients 
found in milk and dairy products; and (3) nutrient contributions of dairy products to the 
U.S. diet. 

Nutritional Composition of Dairy Products 

As indicated in Table 1, a serving of low-fat milk provides approximately 300 mg 
calcium, or about 23% of the Adequate Intake (AI) for adolescents and 30% of the AI for 
adults.1 The current Dietary Guidelines for Americans recommend that persons over 9 
years of age consume three servings per day of dairy foods, which will provide all or a 
high percentage of the recommended calcium intake for all age groups.2 

Table 1. Energy and Selected Nutrients in a Single Serving of Dairy Products 

Low-Fat (1%) Milk Yogurt, Low Fat, Plain Cheddar Cheese 
(240 g) (240 g) (45 g) 

Energy (kcal) 101 154 181 

Protein (g) 8.1 12.9 11.2 

Fat (g) 2.3 3.8 14.9 

Lactose (g) 12.5 8.4 0.10 

Calcium (mg) 300 448 324 

Vitamin D (IU) 115 2 10 

Source: U.S. Department of Agriculture’s Nutrient Database 
Web site: nal.usda.gov/fnic/foodcomp/search 

Closely related to calcium absorption and utilization, vitamin D is another nutrient 
provided by liquid milk products through broad-scale fortification. As shown in Table 1, 
one serving of vitamin D-fortified milk provides approximately half of the current AI for 
vitamin D.1 With the recent recognition that many Americans of all ages, including those 
with a variety of disease conditions, have vitamin D insufficiency, some have 
recommended intakes beyond the current AI for this hormone-vitamin.3 If the vitamin D 
AI is increased, fortified dairy products are likely to continue to make an important 
contribution. Other dairy products are not routinely fortified with vitamin D. For example, 
yogurt is not routinely fortified and fortified yogurt products range widely, providing 40– 
120 IU of vitamin D per serving. 
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Lactose, also known as ―milk sugar,‖ varies widely in dairy products, as also may be 
seen in Table 1. Although yogurt contains lactose, this food may be better tolerated than 
milk by individuals with lactose intolerance because the bacteria in the yogurt partially 
digest some of the lactose into its constituent monosaccharides, glucose and galactose. 
Other essential nutrients that dairy products contribute to the diet include protein, B 
vitamins (especially riboflavin), vitamin A, phosphorus, magnesium, potassium, and 
zinc. Full-fat dairy products contain a high percentage of saturated fat. For example, for 
cheddar cheese, 74% of the calories are from fat and 64% of the fat is saturated fat. 
This illustrates the basis for emphasis on low-fat dairy products in dietary 
recommendations,2,4 but the contribution of calcium from cheese (as a percentage) from 
the U.S. food supply has steadily increased over the past 40 years.5 

Milk Alternatives in the Diet 

For a wide range of reasons, including lactose intolerance, many people seek 
alternatives to milk and dairy products. Commercially available products have 
proliferated to meet this demand. The nutrient profiles of two popular examples, soy and 
rice drinks, are shown in Table 2. These products are often fortified with calcium and 
vitamin D, although the specific amounts vary with different products. When consumed 
by adults in the context of a mixed diet, these products can provide roughly equivalent 
amounts of these nutrients. Rice milk in particular, however, is very low in protein, and 
the quality of the protein is not high. Thus, for young children, who have relatively high 
protein needs and often consume milk as a major caloric contributor in their diet, rice 
drink provides a weak choice in comparison to either cow milk or soy drink. 

Table 2. Fluid Milk Alternatives as Sources of Calcium 

Commercial Soy Milk Commercial Rice Drink 
(fortified), 240 g (fortified), 240 g 

Energy (kcal) 98.4 113 

Protein (g) 6.9 0.67 

Calcium (mg) 295* 283 

Vitamin D (IU) 118 101 

Magnesium (mg) 38.4 26 

* Unfortified soy milk contains approximately 10 mg/240 ml. 

Source: U.S. Department of Agriculture’s Nutrient Database 
Web site: nal.usda.gov/fnic/foodcomp/search 

Other alternative sources of calcium in the diet include canned salmon with the bones, 
greens (kale, turnip greens), and tofu processed with a calcium salt. Each of these 
examples provides approximately 100–200 mg of calcium per serving. Other calcium-
fortified products, such as orange juice and breakfast cereals, can make substantial 
contributions to calcium intake. 
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Nutrient Contributions of Dairy Products in the U.S. Diet 

According to data from the U.S. Department of Agriculture, dairy products provide 
approximately 70% of calcium in the U.S. food supply.5 This percentage has gradually 
and modestly declined over the past 45 years, possibly reflecting the availability of more 
calcium- fortified products. Data from the National Health and Nutrition Examination 
Survey (NHANES), 2005–2006, indicate that calcium and other key nutrients from milk 
overall are close to recommended amounts, but they may fall short for some groups.6 

Calcium intakes do not generally exceed the AI but approach it for many age groups, 
especially for males. The exception appears to be adolescents, who have the highest AI 
(1,300 mg).1 All groups’ mean intakes were below the AI, with the overall average intake 
being 79% of the AI. Mean intakes were lowest in the two groups with highest rates of 
lactase deficiency, African Americans and Hispanics,7 at 65% and 76% of the AI, 
respectively.5 

In summary, dairy products, make a significant contribution to the calcium intake of the 
U.S. population overall. Dairy products that are fortified with vitamin D also provide a 
good dietary source for this nutrient. Groups with lactase deficiency tend to have lower 
dietary calcium intakes. Several alternative food sources, including fortified milk 
substitutes and other foods, provide comparable calcium intake per serving, but these 
will differ in the overall nutrient profile. 
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Cellular and Molecular Biology of Lactase
 

Eric Sibley, M.D., Ph.D.
 

Lactase Protein Structure and Function 

The digestive enzyme lactase-phlorizin hydrolase, lactase, catalyzes the digestive 
hydrolysis of lactose, the predominant carbohydrate in milk. The lactose disaccharide 
consists of a glucose and a galactose molecule linked by a beta (1-4) glycosidic bond. 
Lactase enzymatic activity cleaves the beta (1-4) glycosidic bond in lactose molecules, 
thereby releasing the constituent monomers glucose and galactose for absorption by 
intestinal cells. Lactase is a brush border membrane protein produced by enterocytes, 
the absorptive epithelial cells of the small intestine. The human lactase protein is initially 
synthesized as a 210–220 kDa immature peptide.1 The precursor peptide is then 
processed by glycosylation and cleavage, and finally inserted into the brush border 
membrane as a mature 160 kDa subunit homodimer. Lactase activity is essential for the 
survival of most newborn mammals, because it is the only intestinal enzyme capable of 
hydrolyzing lactose. Undigested lactose molecules cannot be absorbed intact by 
intestinal cells. In the absence of sufficient lactase hydrolysis, undigested lactose is 
fermented by bacteria in the distal ileum and colon to yield short-chain fatty acids, 
hydrogen, carbon dioxide, and methane. The fermentative products and undigested 
lactose molecules can result in symptoms of flatulence, diarrhea, and abdominal pain 
characteristic of lactose intolerance. 

Lactase Gene Expression and Spatiotemporal Regulation 

The human lactase gene, Lct, is located on the long arm of chromosome 2 at loci 2q21 
and consists of 17 exons spanning approximately 55 kb.2 The human lactase cDNA 
encodes a single polypeptide chain containing 1,972 amino acids. Lactase gene 
expression is cell specific with expression only in enterocytes, the absorptive epithelial 
cells of the small intestine. Transcriptional regulation of the lactase gene has been 
characterized in intestinal cell culture. The lactase promoter is activated in cell culture 
by cooperative interaction between intestine-specific transcription factors including Cdx­
2,3–7 GATA family members,8–12 and HNF-1.4,10,12 

Lactase gene expression is spatially restricted along both vertical and longitudinal axes 
in the small intestine. Along the vertical axis, immature enterocytes derived from stem 
cells in the crypts differentiate and begin to express the lactase gene as they migrate 
from the crypt to the villus tip. Along the longitudinal axis, lactase gene is expressed 
prenatally in the colon and small intestine. Postnatally, however, the mature spatial 
gradient is established with maximal lactase gene expression in the distal duodenum 
and jejunum, and significantly lower expression in the more proximal and distal 
segments of the intestine.13 

29 

http:intestine.13


 

   
 

  
      

    
    

    
  

 
   

    
    

   

 

  
  

   
  

  

   
     

 
   

    
 

   
 

   
   

     
  

    
     

  
 

 
  

    
   

 
 

    

Lactase gene expression also is temporally regulated during gut development and 
maturation. Lactase enzyme activity is maximal in the small intestine of pre-weaned 
mammals and subsequently declines during maturation. In most mammalian species, 
the maturational decline in lactase expression occurs at the time of weaning.14 The age 
of onset of the maturational decline of lactase expression in humans is variable, ranging 
from the toddler years to young adulthood.15,16 Postdecline, the level of lactase activity 
is 5–10% of childhood levels in most populations worldwide.17 The temporal decline in 
lactase activity is due largely to a decline in lactase mRNA abundance in small intestinal 
enterocytes. Studies in humans and other mammals indicate that regulation of gene 
transcription is the primary mechanism mediating changes in lactase expression during 
gut development and maturation.18,19 In support of a transcriptional regulatory 
mechanism, fragments of the lactase gene promoter are capable of mediating a post-
weaning decline in reporter gene expression in transgenic mice.20,21 

Persistence of Human Lactase Gene Expression 

The maturational decline in lactase activity, adult-onset hypolactasia or lactase 
nonpersistence, renders most of the world’s adult human population intolerant of 
excessive consumption of milk and other dairy products. In some adults, however, high 
levels of lactase activity persist in adulthood. This hereditary persistence of lactase is 
common primarily in people of northern European descent and is attributed to 
inheritance of an autosomal-dominant mutation that prevents the normal maturational 
decline in lactase expression.15,16,22 Lactase persistence also is prevalent in select 
African ethnic pastoral populations.16 Based on analysis of allelic human lactase mRNA 
transcript levels, it was initially determined that the hereditary lactase 
persistence/nonpersistence phenotype is controlled by a cis-acting DNA element on 
chromosome 2 in the general region of the lactase gene.22 Subsequently, linkage 
disequilibrium and haplotype analysis in humans resulted in identification of several 
genetic single-nucleotide polymorphism (SNP) variants located ~14 kb upstream of the 
human lactase gene that are associated with lactase persistence/nonpersistence 
phenotypes.23–26 The SNPs (G/C-14010, T/G-13915, C/T-13910, and C/G-13907) are 
located 5' to the lactase gene within intron 13 of the adjacent MCM6 gene.27 The 
European C/T-13910 variant is a SNP, C to T. Complete correlation was reported 
between the lactase nonpersistence phenotype and homozygousity for the C variant. 
Similarly, complete correlation was reported between the lactase persistence phenotype 
and the presence of the T-variant allele. 

There is interest in determining whether the DNA in the region of the -14 kb variants 
functions to regulate human lactase gene transcription. Transfection experiments have 
shown that the DNA region of the C/T-13910 lactase persistence/nonpersistence variant 
can interact with the Oct-1 transcription factor and function as a cis element capable of 
enhancing differential transcriptional activation of the lactase promoter in cell 
culture.28–30 By contrast, however, the G-13915 polymorphism associated with lactase 
persistence has been reported to abolish, rather than enhance, Oct-1 binding.25 Thus, 
while several genetic associations have been identified, specific molecular mechanisms 
for the persistence of lactase gene expression have yet to be fully defined. 
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What Is Lactose Intolerance and How To Measure It 

Richard J. Grand, M.D. 

Lactose intolerance is the term commonly used to describe symptoms experienced by 
people after drinking milk or ingesting milk products. These symptoms may include 
abdominal pain or cramps, abdominal distension, nausea, flatulence, and diarrhea. 
Symptoms may be mild, moderate, or severe, depending on a number of factors 
including the following: 

Quantity of ingested milk 

Fat content of the milk 

Rate of stomach emptying 

Rapidity with which the milk is transported through the intestine 

Individual sensitivity to abdominal discomfort 

Capacity of bacteria in the colon to digest lactose not absorbed in the 
small intestine 

Psychological impact of anticipation of symptoms in those who have had 
previous symptoms during milk intake. 

Lactose intolerance occurs when there is an inadequate amount of the small intestinal 
enzyme, lactase, which is required for the digestion and absorption of dietary lactose.1 

As very little intact lactose is absorbed, lactose must be split by lactase into its 
constituent sugars―glucose and galactose―to facilitate absorption.2 When lactase 
levels are too low to provide for appropriate digestion, lactose is not absorbed (this is 
known as lactose malabsorption), and the lactose in the small intestine and colon 
produces the symptoms described above. 

Lactose malabsorption is established by one of the following: 

(1) A test of lactose absorption (lactose absorption test) 

(2) A test of lactose nonabsorption (lactose breath hydrogen test) 

(3) Measurement of intestinal lactase performed using biopsy samples of the 
intestinal lining obtained from the third portion of the duodenum during upper 
gastrointestinal endoscopy. 

The quantity of lactase present in the intestine is determined by genetic factors.3 In 
virtually all humans, lactase activity is abundant in infancy and early childhood. 
Thereafter, in the majority of the world’s population, lactase activity falls between the 
ages of 3 and 7 to a level that is approximately 10% of the childhood value and it 
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remains low through adulthood.4 This is known as lactase nonpersistence. In the 
majority of people of Northern European ancestry, however, lactase levels remain in the 
childhood range throughout life. This is known as lactase persistence. Although in the 
United States, population-based studies of lactase activity have not been performed, 
available data reveal that lactase nonpersistence is likely to be prevalent among African 
American, Asian, Hispanic, and Native American adults (see Table 1).5 

Table 1. Frequency of Lactose Intolerance in Adults in Various Populations 

Location % Lactose Intolerant Adults* 

Asians, US 90–100 

Ibo, Yoruba, Africa 90 

Inuits, Greenland 85 

Southern Italians 71 

African Americans 65 

Caucasians, US 21 

British, UK 6 

Danes 3 

*Lactose nonpersistence is the preponderant phenotype. Data from Scrimshaw and Murray, 1988.
5 

Low intestinal lactase activity also may be found in premature infants up to 32 weeks’ 
gestation and in a very rare disorder known as congenital lactase deficiency.1 This 
condition has been reported in the United Kingdom and in Finland, but documented 
cases have not been described in the United States. 

A genetic test has been established that has been used as a surrogate marker for 
lactase nonpersistence or persistence.6,7 Polymorphisms in the lactase gene at -13,910 
bases upstream of the transcriptional start site are most commonly assessed. People in 
or from Northern Europe (including Caucasians in the United States) with a CC 
genotype are likely to be lactase nonpersistent, while those with a TT genotype are 
likely to be lactase persistent. People with a TC genotype may be nonpersistent or 
persistent. An exception to these patterns occurs in many population groups in Africa 
who drink milk (and therefore are likely to be lactase persistent) and who have a CC 
genotype.8 Thus, in the clinical setting, the genetic background of an individual with 
lactose-related symptoms must be considered when using genetic markers for 
diagnosis, and the results must be correlated with a functional test (either the lactose 
breath hydrogen or the lactose tolerance test).9 

An alternative approach to the diagnosis of lactose intolerance is the short-term 
elimination of lactose-containing foods from the diet. As lactose restriction will lead to 
rapid resolution of symptoms, information will be available quickly. Generally, symptoms 
due to lactose ingestion will disappear within 1–2 days. Thus, no long-term sequelae 
are associated with this approach. When other tests are not accessible, brief lactose 
restriction is a safe and informative method by which to assess symptom responses to 
ingested lactose. 
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Clinical Presentation: But What If It Is
 
Not Lactose Intolerance?
 

Lin Chang, M.D. 

Lactose malabsorption typically causes gastrointestinal (GI) symptoms such as 
abdominal pain, bloating, flatulence, and diarrhea induced by dairy product 
consumption.1 Although the diagnosis in clinical practice can be confirmed by a 
lactose hydrogen breath test, it is not routinely ordered and can be falsely negative if 
there is a predominance of methane-producing bacteria or the patient has been on 
antibiotics.2 Instead, patients are frequently asked to assess symptoms while avoiding 
dairy products for a period of time followed by a lactose product challenge to determine 
if they are lactose intolerant. In patients where a consistent link between lactose 
products and symptoms does not exist, other conditions that cause similar symptoms 
need to be considered, particularly because the treatment approach would be different 
(see Figure 1). 

Figure 1. Differential Diagnosis of Lactose Intolerance 

There are several gastrointestinal disorders which can present with chronic or 
recurrent postprandial abdominal pain, diarrhea, and bloating. The most common of 
these disorders is irritable bowel syndrome (IBS), which has a significant worldwide 
prevalence and is estimated to affect 10–15% of the U.S. population.3 There is currently 
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no reliable diagnostic biomarker for IBS, and therefore it is a symptom-based diagnosis. 
Diagnostic criteria for IBS, such as the Rome III criteria, were originally developed for 
research purposes but also are used in clinical practice.3 The diagnosis of IBS is based 
on the presence of chronic or recurrent abdominal pain or discomfort associated with 
diarrhea and/or constipation. Bloating and urgency are common supportive symptoms 
of IBS. IBS is subgrouped into IBS with diarrhea, IBS with constipation, and IBS with 
mixed pattern. The IBS with diarrhea subtype should be considered as part of the 
differential diagnosis of lactose intolerance. Up to 65% of IBS patients report that their 
symptoms are increased with meals.4 Evidence suggests that lactose malabsorption is 
more prevalent in IBS patients than healthy individuals. In addition, the clinical response 
to lactose malabsorption may be exaggerated in IBS patients compared to controls. 
Therefore, it is recommended that IBS patients be questioned about an association 
between symptoms and lactose ingestion. If questions about the presence of lactose 
malabsorption persist after a careful history and review of a food diary, performance of 
a lactose hydrogen breath test can be considered.5 

Inflammatory bowel disorders such as ulcerative colitis, Crohn’s disease, and 
microscopic colitis frequently present with abdominal pain and diarrhea. In patients 
with inflammatory bowel disease (IBD) with macroscopic inflammation (i.e., ulcerative 
colitis and Crohn’s disease), bloody stools, unintentional weight loss, and anemia are 
often present and would argue against the symptoms being due to a noninflammatory 
condition such as lactose malabsorption. Diagnosis of IBD is based on clinical 
symptoms, endoscopic evidence of inflammation, and absence of infection in stool 
studies.6 However, microscopic colitis (lymphocytic and collagenous colitis) can 
present with symptoms similar to lactose malabsorption, that is, nonbloody chronic 
intermittent diarrhea, but it typically presents in middle-age patients and is more 
common in women.7 

Celiac disease is an immune-mediated enteropathic condition triggered in genetically 
susceptible individuals by the ingestion of gluten.8 Currently, celiac disease presents in 
individuals between the ages of 10 and 40. Data demonstrate that up to 75% of patients 
with celiac disease present with symptoms suggestive of lactose malabsorption or IBS, 
including recurrent abdominal discomfort, bloating, or diarrhea, in the absence of alarm 
symptoms and signs.9 In the United States, the prevalence is 1–4%. Diagnosis of celiac 
disease can be made with serologic screening and confirmation with small bowel 
biopsies. The mainstay of treatment is adherence to a gluten-free diet. 

The differential diagnosis of lactose intolerance also includes intolerances to other foods 
such as fructose-containing products, sorbitol, and fatty foods. Fructose is absorbed 
across villous enterocytes by carrier-mediated facilitated diffusion, which seems to be of 
low capacity. The absorptive capacity of fructose in the small intestine is saturable. 
Failure to completely absorb fructose in the small intestine (i.e., fructose malabsorption) 
leads to the delivery of fructose to the colonic lumen together with water due to its 
osmotic effect. Luminal bacteria rapidly ferment fructose to hydrogen, carbon dioxide, 
and short-chain fatty acids. Thus if sufficient fructose reaches the colon, luminal 
distention may occur due to the osmotic load and rapid gas production, which potentially 
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leads to bloating, abdominal discomfort, and motility changes. Fructose consumption is 
rising with a >1,000% rise between 1970 and 1990, which may explain a greater 
recognition of fructose malabsorption. Previous studies have found that the majority of 
patients with unexplained GI symptoms have a positive fructose breath test.10 A recent 
study evaluated the efficacy of a diet that restricts poorly absorbed, short-chain 
carbohydrates including fructose, called FODMAPs (fermentable oligosaccharides, 
disaccharides, monosaccharides, and polyols) in patients with IBS-like symptoms.11 The 
low FODMAPs diet restricts foods including fructans, fructose, and foods in which free 
fructose greatly exceeds free glucose. This diet led to marked and sustained 
improvement in all gut symptoms in 74% of 62 patients with IBS and fructose 
malabsorption. However, this was a retrospective but controlled study and would need 
confirmation in larger studies. 

In summary, the differential diagnosis of lactose intolerance includes GI disorders such 
as IBS, IBD, and celiac disease, other food intolerances, and endocrine disorders. A 
careful history including identifying a link of GI symptoms with dairy product intake can 
be helpful in determining if lactose intolerance is the cause of recurrent GI symptoms. A 
lactose hydrogen breath test can confirm its presence. However, in patients whose 
symptoms are not consistently linked to dairy products, consideration of other conditions 
that can be the primary cause of the symptoms or coexist with lactose intolerance is 
required and can affect the treatment approach. 
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Population Genetics: Evolutionary History 
of Lactose Tolerance in Africa 

Alessia Ranciaro, Ph.D., and Sarah A. Tishkoff, Ph.D. 

The digestion of lactose, the primary sugar present in milk, is catalyzed by the enzyme 
lactase-phlorizin hydrolase (LPH), lactase, expressed exclusively in the brush border 
cells of the small intestine. In most mammals, levels of the enzyme lactase decline 
rapidly after weaning and adults are not able to digest the sugar lactose present in milk. 
Individuals who are unable to digest lactose as adults are commonly referred to as 
―lactose intolerant,‖ and the trait is referred to as ―lactase nonpersistence‖ (LNP).1,2 

Individuals who can digest lactose are ―lactose tolerant‖ and have the ―lactase 
persistence‖ (LP) trait.3,4 Digestion of fresh milk in individuals who are lactose intolerant 
can result in severe abdominal distress including abdominal pain, flatulence, and 
diarrhea.5 In developing countries such as Africa, diarrhea resulting from milk 
consumption can result in severe negative health consequences. Milk products that are 
soured, or otherwise treated with bacteria that secrete lactase (e.g., Lactobacillus 
acidophilus), such as cheese and yogurt, are easier to digest in lactose-intolerant 
individuals because they contain relatively low levels of lactose.6–8 

The geographic distribution of the LP trait in human populations has been shown to be 
correlated with the cultural trait of cattle herding and dairying. For example, the LP trait 
is at highest frequencies in northern European populations (>90% in Swedes and 
Danes), with decreasing frequencies across southern Europe and the Middle East 
(~50% in Spanish, French, and pastoralist Arabic populations), and is at low frequency 
in Native Americans and Pacific Islanders, as well as in most non-pastoralist sub-
Saharan African and southeast Asian populations (~1% in Chinese, ~5%–20% in West 
African agriculturalists).4 However, the LP trait is common among pastoralist 
populations from Africa who have a history of drinking fresh milk (~90% in Tutsi, ~50% 
in Fulani).4 Based on the correlation between the prevalence of the LP trait and the 
cultural practice of cattle domestication and dairying, lactose tolerance is considered an 
example of gene-culture coadaptation in populations that consume milk.9–11 

The reasons that adult milk consumption is adaptive are not clear. Selective forces 
could include the obvious nutritional benefits from milk such as protein, vitamin D, and 
calcium.12 Calcium and vitamin D absorption could be important in northern latitude 
populations, which have less sunlight exposure and may be susceptible to rickets and 
osteomalacia.13,14 However, in African populations, the selective advantage of adult milk 
consumption could be as a source of water in arid zones.13 It also is possible that there 
are additional unidentified selective advantages of milk consumption. 

Pedigree studies have indicated that the LP trait is inherited in an autosomal dominant 
manner. The LPH gene, which codes for the lactase enzyme, was mapped to the long 
arm of chromosome 215,16 more than two decades ago, but the genetic variants 
associated with the LP trait remained elusive. In 2002, Enattah et al. identified two new 
single-nucleotide polymorphisms (SNPs) associated with the LP trait in Europeans 
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located ~14 kb and ~22 kb upstream of the lactase gene (LCT) within introns 13 and 9 
of the adjacent minichromosome maintenance 6 gene (MCM6)17 (see Figure 1). These 
were (1) C/T-13910, which was 100% associated with the LP trait in Finnish populations 
and 86%–98% associated with the LP trait in other European populations, and (2) G/A­

22018, which was greater than 95% associated with the LP trait in the Finnish 
population.17 Further functional studies have shown that the T-13910 variant upregulates 
LCT gene expression18–21 and that people who carry the T-13910 mutation have similar 
chromosomal backgrounds as far as 1 million base pairs away, indicating that this 
haplotype has been under strong selection within the last 5,000–10,000 years.18–22 

Figure 1. SNP Associated With LP in African Populations 

a. 	 The box represents the region where the LPH and MCM6 genes are located on chromosome 2. 
b. 	 Enlarged MCM6 and LPH gene regions. 
c.  	Structure and length of the MCM6 and LPH genes. Solid boxes represent coding regions. 
d. 	 Location of LP-associated variants within introns 9 and 13 of the MCM6 gene in African and 

European populations. 
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The T-13910 mutation is likely to be the causal variant for the LP trait in Europeans, but 
this mutation has not been observed in African populations with a high prevalence of the 
LP trait, such as the Dinka and Nuer from southern Sudan or the Maasai from Kenya 
and Tanzania,23–26 although it has been observed at low frequency in several West and 
North African populations, including the Fulani, Mozabite, Arabic Baggara, and 
Bulala,22,24,25,27,28 likely due to gene flow from outside of Africa. The absence of the 
T-13910 mutation in most African populations that have the LP trait suggests that this trait 
arose multiple times in ethnically diverse populations. 

Recent and independent studies26,27 have provided new insight into the genetic basis 
of the LP trait in non-European human populations. Three new variants associated 
with the LP trait were identified in intron 13 of MCM6 near the T-13910 variant (Figure 
1). These include the following: (1) C-14010 is at highest frequency in Tanzanian and 
Kenyan populations and at low frequency in some southern African Bantu-speaking 
(e.g., Xhosa, Ovimbundu, Nyaneka-Nkhumbi, Kuvale) and San populations.25,26,28,29 

The presence of the C-14010 variant in the southern African populations suggests that 
pastoralism in that region, which is thought to have originated within the past 
~2,000 years, may have been introduced by eastern African pastoralists.25,28 

(2) G-13907 is present in northern Sudanese, northern Kenyan, and Ethiopian 
populations.26,27 (3) G-13915 is most common in Middle Eastern populations but also is 
present in northern Sudanese and northern Kenyan populations, where it may have 
been introduced due to recent gene flow from the Middle East.26,27 

The African and Middle Eastern variants associated with the LP trait originated on 
different chromosome backgrounds from that of the European T-13910 variant and exhibit 
a striking pattern of extended haplotype homozygosity, consistent with the independent 
origin and recent spread of these variants in the past 10,000 years due to the strong 
force of natural selection.26 The independent origin of LP-associated variants in Africans 
and Europeans is an example of parallel evolution due to strong selective pressure 
resulting from shared cultural traits including animal domestication and adult milk 
consumption. However, the genetic variants associated with LP in Africa do not account 
for all of the phenotypic variation observed for this trait and are entirely missing from 
several populations that have high rates of LP, suggesting that additional genetic 
variants associated with the LP trait may exist in Africa.26 
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Lactose Intolerance and Ethnic Prevalence
 

Wilma J. Wooten, M.D., M.P.H.
 

A Barrier to Good Health 

•		 Multiple food groups contribute to maintaining a healthy body and
 
system functions.
 

•		 Less than 75% of African Americans meet the 2005 Dietary Guidelines for 
Americans, which recommends three servings of dairy foods per day 
(Beydoun 2008; NHANES data). 

•		 Because of its nutrient-rich package, consumption of dairy products can play 
a unique role in preventing many illnesses and disease states. 

•		 Just over half (55%) of African Americans eat one or more servings of dairy 
foods a day. 

•		 African American children consume only 0.8 to 1.0 servings of milk per day. 

•		 By consuming the recommended three servings of low-fat dairy products 

(milk, yogurt, or cheese), a number of health benefits can be achieved.
 

•		 Lactose intolerance can be a barrier to consuming the recommended 3-A-
Day servings. 

•		 An estimated 75% of African Americans fail to meet daily calcium requirements 
because of lactose intolerance. 

•		 In a study conducted by the National Medical Association, while only 24% of 
African Americans consider themselves to be lactose intolerant, the majority of 
African Americans (86%) get just more than half of the recommended daily 
amount of calcium. 

What Is Lactose Intolerance? 

Many terms are used when describing lactose intolerance. Here are the facts: 

Lactose Maldigestion 

•		 Occurs when digestion of lactose is reduced as a result of low activity of the 
enzyme lactase. 

Lactase Nonpersistence 

•		 The normal age-related decline in lactase activity is often used to refer to
 
lactose maldigestion.
 

Lactose Intolerance 

•		 Refers to gastrointestinal symptoms resulting from consuming too much lactose. 

•		 These symptoms of lactose maldigestion are referred to as lactose intolerance. 

•		 Inability to metabolize lactose, a sugar found in milk and other dairy products, 
because the required enzyme lactase is absent in the intestinal system or its 
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availability is lowered. Lactase breaks down milk sugar into two simpler 
forms of sugar called glucose and galactose, which are then absorbed into 
the bloodstream. 

•		 While the symptoms may be the same, lactose intolerance should not be 
confused with cow’s milk intolerance. They are not the same. Intolerance to 
cow’s milk is an allergic reaction that is triggered by the immune system. Lactose 
intolerance is a problem caused by the digestive system. 

Lactose Intolerance Symptoms 

•		 Symptoms range from mild to severe. 

•		 Symptoms include nausea, cramps, bloating, gas, and diarrhea. 

•		 Symptoms begin about 30 minutes to 2 hours after eating or drinking foods 
containing lactose. 

•		 Many factors determine severity of symptoms and include: 
—		Amount of lactose a person can tolerate 
—		Person’s age 
—		Ethnicity 
—		Digestion rate 

Prevalence of Lactose Intolerance 

•		 Lactose intolerance is estimated to affect 25% of the American population. 

•		 Group prevalence is as follows: 
—		15% (6% to 19%) – whites 
—		53% – Mexican Americans 
—		62% to 100% – Native Americans 
—		80% – African Americans 
—		90% – Asian Americans 

Benefits of the Nutrient-Rich Package 

•		 Vitamin D – enhances absorption of calcium and phosphorous 

•		 Riboflavin B2 – facilitates metabolism 

•		 Calcium – supports bone health, blood clotting, nerve transmission 

•		 Magnesium – supports general metabolism 

•		 Potassium – facilitates nerve conduction 

•		 Vitamin A – deficiency results in blindness 

•		 Phosphorus – facilitates absorption of glucose 

What Can Providers Do? 

•		 KNOW and understand the roles and sources of needed nutrients provided 
by dairy. 
—		Follow the 2005 Dietary Guidelines for Americans. 
—		Know the Food Pyramid groups and their benefits. 
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—		Follow guidelines from the DASH (Dietary Approaches To Stop
 
Hypertension) Diet.
 

•		 ASK patients if they have lactose intolerance. 

•		 IDENTIFY those at risk. 
—		Review positive linkages between dairy products and key disease states. 
—		 Identify pregnant women, the elderly, hypertensives, diabetics, and other risk 

groups whose health may be even marginally improved by protecting against 
nutrient insufficiency. 

•		 ADVISE patients. 
— Encourage patients to consider formal testing for lactose intolerance. 
○		 Many other foods cause similar lactose intolerance symptoms. 
○		 Self-diagnosis is more pronounced but may be inaccurate. 

—		Provide guidance on gradual introduction of dairy into the diet. 

•		 EDUCATE. 
—		Disseminate dietary guidelines and DASH Diet information to African 

American patients to educate about the critical role of consuming at least 
three daily servings of milk, yogurt, or cheese and how this ensures a 
sufficiency of calcium, riboflavin, protein, potassium, and other nutrients. 

What Can Consumers Do? 

•		 Gradually introducing non- or low-fat dairy products into the diet has been found 
to be an effective method to reduce symptoms of lactose intolerance. 

•		 Follow these tips: 
—		Drink small portions of milk with food. 
—		Eat yogurt with live and active cultures (can minimize lactose intolerance 

symptoms because it aids in the creation of a lactose enzyme that can aid in 
lactose digestion). 

—		Consume hard cheese, such as cheddar or Swiss. 

•		 Choose alternatives within the milk food group, such as 
—		Lactose-free milk or 
—		Enzyme lactase (prior to the consumption of milk products). 

•		 Knowing the appropriate serving size is important. 
—		Milk – ½ glass is approximately 4 ounces. 
—		Cheese – one serving is 1½ ounces. 
—		Yogurt – ½ cup 

The Truth About Lactose Intolerance 

•		 Lactose intolerance is common, is easy to treat, and can be managed. 

•		 Since dairy nutrients address important health concerns, addressing lactose 
intolerance is an investment in health. 

•		 Symptoms can be controlled through simple dietary strategies. 

•		 It is possible to consume dairy, even in the face of a history of maldigestion or 
lactose intolerance issues. 
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•		 Gradually increasing lactose in the diet is an effective strategy to manage lactose 
intolerance and meet optional dairy needs. 

•		 Individuals who do not consume three daily servings of low-fat or nonfat dairy 
products may be depriving themselves of important nutrients such as calcium, 
vitamin D, and potassium, thus increasing their risk of certain chronic diseases 
such as hypertension, stroke, osteoporosis, obesity, diabetes, and colon cancer. 

•		 An investment in the appropriate daily recommendations of dairy is an
 
investment in one’s health.
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Aging: Lactose Intolerance and
 
Calcium Absorption in the Elderly
 

Richard J. Wood, Ph.D. 

Lactose is a naturally occurring disaccharide found in high amounts (0.5%) in milk. 
There is no appreciable absorption of intact lactose in the gut. Rather, lactose is first 
broken down into its constituent monosaccharides―glucose and galactose. The ability 
to digest lactose is due to the presence of the enzyme lactase (lactase-phlorizin 
hydrolase) in the brush border membrane of the enterocytes in the small intestine. 
Lactase is needed by the newborn and suckling infant to digest lactose in breast milk. 
However, lactase activity is usually lost as children age with marked increases in the 
prevalence of lactose malabsorption that can occur between 3 to 5 years of age1,2 in 
populations with a high prevalence of lactose intolerance, whereas a more gradual 
increase in prevalence occurs in populations with lower prevalence rates.3 This 
nonpersistence of lactase activity or adult-type hypolactasia is a common inherited 
condition. The prevalence of adult-type hypolactasia can vary considerably among 
different populations. For example, the prevalence of adult-type hypolactasia varies 
from 3% to 75% among Caucasian populations in Europe.3 It is estimated that 
approximately 30% of the U.S. population has lactose maldigestion.4 

Hypolactasia has been shown recently to be associated with single nucleotide 
polymorphisms in the lactase (LCT) gene found on the long arm of chromosome 2. A 
DNA variant, C/T-13910, which is upstream of the LCT gene is associated with lactase 
nonpersistence.5 A cytosine (C) to thymine (T) change at this nucleotide position is 
completely associated with lactase persistence. The CC genotype is associated with 
lactase nonpersistence, while the CT and TT genotypes are associated with lactase 
persistence. A second single nucleotide polymorphism involving a guanine and adenine 
change, G/A -22018, also is associated with lactase nonpersistence. The GG genotype is 
associated with lactase nonpersistence, while the AA genotype is associated with 
lactase persistence. A strong majority of individuals with the GA heterozygous genotype 
show lactase persistence. This new genetic tool to identify hypolactasia offers a 
convenient method to more fully characterize the extent of lactose maldigestion in 
various populations. 

Hypolactasia can cause symptomatic lactose intolerance in children and adults following 
lactose consumption in milk and milk products as a consequence of decreased lactose 
digestion in the small intestine and increased availability of lactose to the colon. Lactose 
in the colon becomes a substrate for bacterial metabolism that can lead to lactose 
intolerance. Lactose intolerance is characterized by gastrointestinal symptoms that can 
include bloating, abdominal pain, increased flatulence, and diarrhea. In most cases, 
tolerance for lactose is dose dependent and many subjects with demonstrated lactose 
maldigestion, commonly determined by a positive hydrogen breath test following a large 
50 g oral lactose dose, can tolerate physiological doses of lactose found in a usual 
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serving of milk (12 g lactose) without adverse gastrointestinal symptoms.6,7 Likewise, 
many individuals who claim to be milk intolerant and restrict their milk intake do not 
show a positive breath hydrogen test in response to oral ingestion of milk.8 On the other 
hand, symptoms of lactose intolerance can vary considerably between individuals with 
lactose maldigestion and some experience gastrointestinal symptoms after consuming 
one or less glass of milk.9 

Does Aging Influence the Prevalence of Lactose Maldigestion and 
Lactose Intolerance? 

Although many studies have characterized the prevalence of lactose maldigestion and 
symptoms of lactose intolerance in various adult populations, there is surprisingly little 
information concerning this condition in the elderly, especially in the very old (>80 
years). What little evidence is available indicates that the prevalence of lactose 
maldigestion may increase with age in adults, but that symptoms of lactose 
intolerance do not increase with age. 

Given that milk is a rich source of dietary calcium and that recommended calcium 
intakes are increased in the elderly, the impact of lactase deficiency on symptoms of 
lactose intolerance, decreased calcium intake via milk avoidance, and possibly 
decreased calcium absorption, could have significant nutritional consequences on 
calcium balance and be a negative risk factor for osteoporosis. However, a review of the 
available published literature up to October 2009 revealed no study that had 
systematically investigated all of these conditions in a single population of elderly 
subjects. Moreover, among the few studies done with elderly subjects, the findings are 
inconsistent; this could be due to having too few older subjects in the study or coexisting 
gastrointestinal problems that make interpretation of the findings uncertain. 

Suarez and Savaiano studied lactose digestion and symptoms of lactose intolerance in 
U.S. Asian American young adults (20–40 years old, mean age 31) and elderly persons 
(>65 years old, mean age 68) with a positive hydrogen breath test―that is, all subjects 
were lactose maldigesters―and found no difference in mean breath hydrogen 
production between the two age groups or in symptoms of lactose intolerance over an 
8-hour period.10 The administered lactose dose was 0.5 g lactose/kg body weight. 

Goulding et al. assessed the prevalence of lactose maldigestion in 80 New Zealand 
women between age 40–79 (20 subjects per decade).11 They found that overall, 32% of 
the women had evidence of lactose maldigestion based on a 50 g lactose breath 
hydrogen test. These investigators observed that the prevalence of lactose maldigestion 
increased with age from 15% in the 40- to 59-year-old group to 50% in the 60- to 79­
year-old group. No difference in prevalence was noted between the 60–69 and 70–79 
age groups, however. Calcium intake was generally high in the study subjects. 
Evidence of significantly lower milk and calcium intake between lactose digesters and 
maldigesters was only seen in the oldest group (70–79 years). Overall, few 
gastrointestinal symptoms were reported in the lactose maldigesters, and no age effect 
on lactose intolerance was noted, despite a twofold increase in the prevalence of 
lactose maldigestion in the older subjects. 
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Di Stefano and colleagues studied lactose digestion in 84 Italian male and female 
subjects (23–94 years old) following the administration of 400 mL semi-skim milk 
containing 20 g lactose.12 Thirty-four of the subjects were >74 years old. Breath 
hydrogen samples were obtained over 4 hours. Symptoms of lactose intolerance were 
recorded over a 24-hour period following the lactose test. The prevalence of lactose 
maldigestion from milk was significantly higher (83%) in older subjects (>74 years old) 
than in subjects 65–74 years old (65%) and subjects <65 years old (58%). However, 
lactose intolerance among lactose maldigesters followed a different age pattern. The 
prevalence of lactose intolerance in the younger (<65 years old) group was 80%, which 
was significantly higher than both the middle elder (65–74 years old) group (50%) and 
the older elder (>74 years old) group (48%). No differences in calcium intake were seen 
between lactose absorbers and nonabsorbers in this study regardless of age. 

Kerber et al. recently reported that older age was associated with an increase in the 
prevalence of lactose maldigestion in Austrian subjects, but only in those subjects who 
were heterozygous for the LCT genotype C/T-13910 for lactase persistence.13 Hydrogen 
breath testing with a 50 g lactose dose and genotyping for two single nucleotide 
polymorphisms (C/T-13910 and G/A-22018) were done in 120 outpatients who visited the 
physician’s office for evaluation of symptoms of irritable bowel syndrome (IBS). In this 
group of patients with possible IBS, gastrointestinal symptoms after lactose ingestion 
were common in those with a positive hydrogen breath test (90% reporting 
gastrointestinal symptoms) and those with a negative breath test (32% reporting 
gastrointestinal symptoms). No age effects on lactose intolerance symptoms were 
reported. However, in heterozygotes for the C/T-13910 genotype, the prevalence of 
lactose maldigestion significantly increased from 15% in the group <31 years old to 33% 
in the group 31–65 years old. An apparent increase in the prevalence (50%) of a lactose 
maldigestion was seen in the oldest group >65 years old, but this difference was not 
statistically significant compared to the other groups, probably due to the small number 
of heterozygous subjects in the older age category (4/8). The association of lactose 
intolerance symptoms or lactose maldigestion with dietary milk and calcium intake was 
not reported in this study. 

Does Lactose Maldigestion Influence Calcium Absorption in the Elderly? 

Another important question concerning lactose maldigestion in the elderly is to what 
extent, if any, lactose malabsorption influences intestinal calcium absorption. This 
question is of particular interest in this population group because aging is associated 
with a decrease in calcium intake and intestinal calcium absorption efficiency. 

However, a review of the literature indicates that although the question of lactose effects 
on calcium absorption has been the subject of many studies beginning in the 1970s to 
the present, it has not been adequately addressed in the elderly. Moreover, there is no 
convincing evidence that a physiological dose of lactose affects calcium absorption in 
nonelderly adults. 
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An early study in younger adults of the effects of lactose ingestion on 47Ca absorption 
and retention in lactose digesters and maldigesters found that administration of a milk 
drink containing 39 g lactose or lactose-free milk containing 39 g glucose had 
discordant effects in lactose-tolerant and lactose-intolerant subjects.14 Similar 4-hour 
47Ca absorption kinetic profiles were found in both groups after consuming the lactose-
free milk, but the lactose digestion group had a higher serum 47Ca absorption profile 
with lactose-containing milk drink, while the lactose maldigestion group had a lower 
calcium absorption profile. However, fecal 47Ca excretion and whole body retention of 
47Ca after 1 week was equivalent in both groups regardless of lactose treatment, 
confounding interpretation of the serum kinetic profiles and suggesting that differences 
in the blood kinetics of 47Ca after lactose-milk drinking may have been due to 
differences in gastric emptying rather than reflecting differences in intestinal calcium 
absorption efficiency. 

Debongnie and colleagues studied small intestinal calcium absorption in lactose 
digesters and maldigesters (<65 years old) by an ileal perfusion absorption technique 
and found no effect of 12 g lactose in milk on calcium absorption.15 

Tremaine et al. investigated the effects of lactose-containing or lactase-hydrolyzed milk 
on calcium absorption in adult subjects (24–58 years old) using a double calcium-
isotope technique and a 6-hour serial blood collection protocol.16 No difference in 
calcium absorption fraction was seen due to the presence of lactose in either lactose 
digesters or nondigesters. 

Griessen et al. used a double calcium-isotope absorption test to determine the effects of 
lactose (23 g) and lactose-free milk in lactose digesters and nondigesters, 22–32 years 
old, over a 24-hour period.17 No effect on calcium absorption was apparent due to the 
presence of lactose in the milk. 

In a recent study, Obermayer-Pietsch and colleagues assessed calcium absorption 
using a 180-minute strontium absorption test in postmenopausal women (mean age 65) 
with either the LCT gene ―CC‖ genotype, associated with hypolactasia, or the LCT ―TT‖ 
genotype, not associated with hypolactasia.18 In the presence of a 50 g dose of lactose 
in water, there was a 54% lower serum strontium AUC in the CC genotype hypolactasia 
group compared to the nonhypolactasia TT genotype group. Moreover, within the CC 
genotype group, calcium equivalent absorption was 56% lower after lactose compared 
to water alone. 
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Prevalence of Lactose Intolerance and 
Differences by Race, Ethnicity, and Age 
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Introduction 

Milk and milk products contain high concentrations of the disaccharide lactose. 
Intestinal absorption of lactose requires that the disaccharide be hydrolyzed to its 
component monosaccharides, both of which are rapidly transported across the small 
bowel mucosa. A brush border beta-galactosidase, lactase, carries out this hydrolysis. 
While infants virtually always have high concentrations of lactase, sometime after 
weaning a genetically programmed reduction in lactase synthesis results in very low 
lactase activity in some adult subjects, a situation known as lactase nonpersistence. 

Lactase nonpersistence results in incomplete digestion of an ingested load of lactose; 
hence lactose is malabsorbed and reaches the colon. If sufficient lactose enters the 
colon, the subject may experience symptoms of abdominal pain, bloating, excess 
flatulence, and diarrhea, a condition known as lactose intolerance. Diseases of the 
small bowel mucosa (infection, celiac disease) may also be associated with low brush 
border lactase, with resultant lactose malabsorption and lactose intolerance. 

The terminology involved in lactose absorption/intolerance is as follows: 

a.	 Lactase nonpersistence―indicates that brush border lactase activity is only a small 
fraction of the infantile level, a condition documented by analysis of brush border 
biopsies. Recently, it has been shown that a genotype (C/C) of the lactase 
promoter gene is a predictor of lactase nonpersistence and can be used as indirect 
evidence of lactase nonpersistence. 

b.	 Lactose malabsorption (LM)―indicates that a sizable fraction of a dosage of 
lactose is not absorbed in the small bowel and thus is delivered to the colon. Since 
such malabsorption is virtually always a result of low levels of lactase, there is a 
nearly one-to-one relationship of lactase nonpersistence (or deficiency) and LM. 
LM is objectively demonstrated via measurements of breath H2 or blood glucose 
concentrations following ingestion of a lactose load. 

c.	 Lactose intolerance (LI)―indicates that malabsorbed lactose produces symptoms 
(diarrhea, abdominal discomfort, flatulence, or bloating). It should be stressed that 
this symptomatic response to LM is linked to the quantity of lactose malabsorbed 
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(as well as other variables); that is, ingestion of limited quantities of lactose does 
not cause recognizable symptoms in lactose malabsorbers, while very large doses 
commonly induce appreciable LI symptoms. As a result, the prevalence of lactase 
nonpersistence or LM could far exceed the prevalence of LI symptoms in 
population groups ingesting modest quantities of lactose. 

Methods 

We searched several databases including MEDLINE® via PubMed® and via Ovid to find 
studies published in English since 1967 until April 2009. We updated this search for 
U.S. studies published up until October 2009, and we hand-searched additional articles 
referred to us by our Technical Expert Panel. We included observations that examined 
prevalence, symptoms, and outcomes of LI in different age, gender, racial, and ethnic 
groups. We excluded populations with other gastrointestinal disorders, including 
individuals diagnosed with irritable bowel syndrome, inflammatory or infectious bowel 
diseases, or milk allergies. We excluded children younger than 4 years. 

Results 

A total of 54 articles met inclusion criteria, including 15 articles from the United States. 
Studies did not directly assess LI in a blinded lactose challenge but instead assessed 
unblinded subjective LI symptoms, an inability to fully absorb lactose (LM), or lactase 
nonpersistence. The data available tended to be from highly selected populations and 
were likely not representative of the overall U.S. population. We report results according 
to the following conditions: LI, LM, or lactase nonpersistence. Within these conditions, 
we further describe findings according to assessment method and populations studied. 

Lactose Intolerance Symptoms 

Symptoms following blinded lactose challenge. We identified no studies that reported on 
the prevalence of LI based on our ―gold-standard‖ definition; that is, gastrointestinal 
symptoms that are more prevalent and severe after ingestion of 50 grams of lactose (or 
less) as a single dose by a lactose malabsorbing subject that are not observed when 
the subject ingests an indistinguishable placebo. 

Symptoms following nonblinded lactose challenge. We identified 21 studies that 
reported LI-related symptoms (abdominal pain, bloating, excess flatulence, and 
diarrhea) following a nonblinded lactose challenge. Few assessed U.S. populations. No 
studies were published in the last 30 years. There were four older U.S. convenience 
sample studies that reported results on different subpopulations.1–4 One study of healthy 
Caucasian volunteers with no history of milk intolerance reported that symptoms were 
rare and confined primarily to those with biopsy-determined hypolactasia.1 In another 
study on healthy adults, Hispanics were 43% more likely to report symptoms following a 
lactose challenge compared to white non-Hispanics.2 Similarly, in healthy children,3 the 
rate of symptoms was twice as high among Hispanic children (41% versus 20% in non-
Hispanic). The fourth U.S. study included African American (n=69) and Caucasian 
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(n=30) children between the ages of 4 and 9. The overall frequency of symptoms 
following a challenge was quite low in young children, but the rate increased with age 
and was higher in African American children compared to Caucasian children.4 Age up 
to adulthood was a consistent predictor of LI-related symptoms. Racial and ethnic 
variation was present, but the variation in symptoms reported following a challenge did 
not seem as extreme as the racial and ethnic variation seen in lactose malabsorption 
and prevalence of lactase nonpersistence. 

Symptoms without lactose challenge. We identified seven studies reporting baseline 
self-reported symptoms in 6,161 people. There was only one U.S. population-based 
study.5 This study included only self-reported LI with no additional confirmation of the 
diagnosis. Overall, U.S. estimated prevalence of self-reported LI was 12% from this 
study with estimates of 8% in European Americans, 10% in Hispanic Americans, and 
20% in African Americans. The rest of the self-reported studies’ results provided little 
evidence to address our research questions about population prevalence and the 
impact of age and ethnicity. Overall, the prevalence of self-reported symptoms was 
typically lower than the prevalence of symptoms following a lactose challenge. 

Lactose Malabsorption 

Determined by hydrogen breath test following lactose challenge. We identified 31 
studies, evaluating participants from a wide range of ages and ethnicities that reported 
LM prevalence as defined by subjects with a positive hydrogen breath test. None of the 
U.S. studies were representative population-based studies. All U.S. studies focused on 
reporting results in populations of patients with gastrointestinal symptoms at baseline,6–9 

with the exception of one three-decade-old study of American Indians10 and one 
convenience sample of adults from the Army, senior centers, nursing homes, and 
a university.11 

Within the U.S. studies of patients with gastrointestinal symptoms at baseline, the 
prevalence of LM in Caucasian adult populations ranged from 6% to 24%.7,8,11 Some 
data suggested high levels of LM among American Indians, but this effect was 
substantially attenuated among those with American Indian and Caucasian mixed 
ancestry.10 One prior review showed that the prevalence of LM may be greater than 
70% in African Americans, around 50% in Hispanic Americans, and even higher for 
Asian Americans.12 Age is an important contributor to the rate of LM, since nearly every 
population group identified showed low rates of LM in the youngest age groups, 
particularly those less than 6 years of age.13–19 In populations with high adult rates of 
LM, rates peaked between the ages of 10 and 16. 

Lactase Nonpersisters (Adult-Type Hypolactasia) 

Biopsy identification. We identified five studies that reported on the prevalence of 
lactase persistence as diagnosed by biopsy assays. These estimates ranged from 6% 
to 34% among Caucasians, to 75% among nonwhites; however, there was little to no 
correlation with symptoms of LI. It is difficult to generalize these findings to create 
population estimates or understand their clinical relevance. 
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Genetic test association. The most commonly reported genetic mutation for adult-type 
hypolactasia is the single nucleotide polymorphism (SNP) of the lactase (LCT) gene. 
The C allele is the globally most prevalent allele, while the less common T allele is 
dominantly associated with lactase persistence.20 Nine studies were identified that 
reported genotype frequencies for LCT -13910C>T SNP mutation, indicating a genetic 
predisposition for hypolactasia, or lactose nonpersistence. None of these studies were 
of U.S. populations. There were no obvious differences in genotype by age group.21,22 In 
North European studies, Caucasians had frequencies between 10% and 20% for the 
homozygous C/C genotype.21–26 

Summary and Discussion 

Most of the identified research assessed subjective symptoms in an unblinded fashion, 
or an inability of individuals to fully absorb lactose irrespective of symptoms or lactase 
nonpersistence. Available data tended to be from highly selected populations and were 
not likely to be representative of the overall U.S. population. The prevalence rates 
varied substantially, depending on whether rates were reported by self-report of 
symptoms, symptoms following a lactose challenge, or from clinical tests of lactose 
malabsorption or lactase nonpersistence. Within each of these groups, prevalence rates 
also varied widely, depending on the source of the study population (e.g., patients 
referred for lactose intolerance testing, the general population, or a convenience sample 
of study participants). 

Therefore, reliable estimates of U.S. prevalence rates for LI are not currently available, 
although there is some evidence that the magnitude of LI will be very low in young 
children and remain low into adult ages for most populations of Northern European 
descent. For African American, Hispanic, Asian, and American Indian populations, the 
rates of LI will likely be higher in late childhood and adulthood. 
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Consequences of Excluding Dairy, 

Milk Avoiders, Calcium Requirements in Children
 

Connie M. Weaver, Ph.D. 

Milk products, along with fruits and vegetables and whole grains, were identified by the 
2005 Dietary Guidelines Advisory Committee for Americans as foods that needed to be 
increased in order to meet nutrient needs and for improved health.1 The role of milk 
products in meeting three nutrients for various age groups is illustrated in Table 1. Most 
food guidance patterns recommend 3 cups of low-fat dairy products daily. The table 
contrasts the proportion of individuals meeting the dairy recommendations with those 
receiving less than one serving of dairy products as assessed from data from the 1999– 
2004 National Health and Nutrition Examination Survey (NHANES).2 The best and most 
economical source of the limiting nutrients is dairy.3 Supplements typically do not fill the 
gap of all these nutrients for those who do not consume recommended intakes of dairy 
products. Using NHANES 2001–2002 data, Gao et al. determined that it is impossible to 
meet calcium recommendations while meeting other nutrient recommendations with a 
dairy-free diet within the current U.S. dietary pattern.4 Using the 1999–2004 NHANES 
data, Nicklas et al. determined that <3% of the U.S. population met potassium 
recommendations and 55% did not even meet their Estimated Average Requirements 
for magnesium.2 

Table 1. Role of Milk Products in Food Patterns: % of Recommendation in Children 

Age Group 

2–8 years 9–18 years 

With Dairy Without Dairy With Dairy Without Dairy 

Calcium 146 54 97 32 

Potassium 70 73 59 38 

Magnesium 254 160 114 69 

With = 2.5–3.5 servings/day 
Without = <1 serving/day 

Data taken from Nicklas et al., 2009.
2 

The consequences of excluding dairy in the diet is most associated with compromised 
bone health and are most severe in childhood during development of peak bone mass. 
Lifelong projection of bone mass is illustrated in Figure 1. Bone accretion is high during 
the first year of life, but cow’s milk is not recommended before the age of 1. Infants rely 
on breast milk or formula and on average meet their nutrient needs. The pubertal 
growth spurt depicted in Figure 2 is a critical time for building peak bone mass to protect 
against fracture risk as a child and later in life when osteoporosis affects 10 million 
Americans.6 Almost half of adult peak bone mass is acquired during adolescence.7 

Because approximately 95% of adult peak bone mass is acquired by the age of 
16.2 years,8 nutrition can only influence peak bone mass appreciably before the end of 
adolescence. Thereafter, any benefits are geared to minimizing loss of peak bone 
mass, a much lower benefit for investment strategy. 
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Figure 1. Bone Mass and Life Stage: Influence of Calcium Intake 

Age (years)

No cows milk

Figure 2. Total Body BMC Pubertal Growth Spurt 

From Baily et al., 1999.
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Calcium intake recommendations were determined by the Institute of Medicine where 
possible as the calcium intake for attaining maximal calcium retention.9 In adolescents, 
the data available for calcium balance were in white girls. From Figure 3, the 1997 
adequate intake (AI) for calcium in children age 9 18 was determined to be 1,300 mg/d. 
Since then, calcium retention over a range of intakes has been determined for white 

and black girls.13 The calcium intakes for maximal skeletal accretion were not 
significantly different from the white girls. Calcium intake explained 12.3% of the 
variance in calcium retention in adolescent girls, and race explained 13.7%.13 

Recommendations for the key bone nutrients in children are given in Table 2. 
Recommendations for magnesium and phosphorus were based on the factorial 
method, which adjusts losses by growth and absorption efficiency.9 

Figure 3. Maximal Calcium Retention as a Function of Intake 

(Basis for Current Requirements) 
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From Jackman et al., 1997.
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Table 2. Dietary Reference Intakes for Bone-Related Nutrients in Children 
and Adolescents 

Nutrient 

Calcium 
(mg/day) 

Vitamin D 
(µg/day 

Phosphorus 
(mg/day 

Magnesium 

Life Stage Group AI UL AI UL RDA UL RDA UL 

(0–6 months) 210 ND 5 25 30a ND 

(7–12 months) 270 ND 5 25 75a 

(1–3 years) 500 2,500 5 50 380 3,000 80 65b 

(4–8 years) 800 2,500 5 50 405 3,000 130 110b 

9 through 18 years 1,300 2,500 5 50 1,055 4,000 240 350b 

14 through 18 years 1,300 2,500 5 50 1,055 4,000 

(females) 360 350b 

(males) 410 350b 

Pregnancy <18 years 1,300 2,500 5 50 1,055 3,500 400 350b 

Lactation <18 years 1,300 2,500 5 50 1,055 4,000 360 350b 

a
AI, Adequate Intake. 

b
Supplementary, not from food. 

From Institute of Medicine, 1997.
9 

Benefits to growing bone by milk consumption appear to be more than merely providing 
required nutrients important to growing bone. In a growing rat model, when adequate 
dietary calcium was given as nonfat dry milk, bones were larger and stronger than when 
calcium was supplied as calcium carbonate.14 Moreover, when rats were switched to the 
same low calcium diet during adulthood, rats fed nonfat dry milk during growth retained 
many of the advantages compared to rats fed calcium carbonate as shown in Figure 4. 
In humans, this phenomenon also appears to be true. A meta-analysis of trials of dairy 
products and dietary calcium on bone mineral content (BMC) in children showed 
significantly higher total body and lumbar spine BMC with higher intakes when the 
comparison group had low calcium intakes.15 In a retrospective study of 
postmenopausal women in NHANES III, low milk intakes during childhood was 
associated with twice the risk of fracture.16 
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Figure 4.	 Percent increase in bone properties for femurs of young rats fed 0.4% 
calcium as nonfat dry milk (NFDM) diets over rats fed 0.4% calcium as 
CaCO3 for 10 weeks (slashed bars) and in rats switched to 0.2% calcium as 
CaCO3 after an additional 10 weeks (solid bars) 
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(n=50/group). * p<0.01, ** p<0.001, *** p<0.0001
 
From Weaver et al., 2009.

14
 

Studies of milk avoiders compared to age-matched cohorts in the same population with 
geographical and cultural environment studies are the strongest type of observational 
studies as they are the least confounded by factors such as other dietary constituents, 
race, sunlight, and physical activity. Studies of this type show an advantage to milk 
drinking in both children and adults. Milk avoiders in New Zealand children had a 
fracture risk of 34.8% compared to 13.0% for matched cohorts.17 In early pubertal girls 
in California and Indiana, perceived milk intolerance was inversely related to BMC of 
several bone sites (p=0.009 for the lumbar spine and trends for total hip, femoral neck, 
and total body).18 In contrast, lactose maldigestion as measured by hydrogen breath 
analysis was not related to bone measures. 
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Consequences of Excluding Dairy 
or of Avoiding Milk in Adults 

Robert P. Heaney, M.D., FACP, FACN 

A preliminary question to be addressed is: Are individuals with lactose intolerance 
(perceived or real) milk avoiders? Common sense would suggest that they are, and the 
body of scientific evidence backs that up.1–9 Fluid milk intake is certainly low in patients 
with lactose intolerance, and total dietary calcium intake is reported to be reduced by 
33% to more than 80%. This is just as true for adults as it is for children.10 Calcium 
tracer studies have shown that individuals with lactose maldigestion are nevertheless 
able to absorb calcium normally. Hence, so far as is known, the principal consequence 
of lactose intolerance is low dairy intake. Thus this brief review will focus on the latter, 
since its consequences will be the same for individuals with lactose intolerance as for 
those who avoid milk for any other reasons. 

It must be acknowledged that, prior to the domestication of milk-producing animals, 
dairy was not a part of the human diet. It is sometimes argued that modern humans are 
the only species that drink the milk of another animal, but we are also the only species 
to wear the skins of other animals and the only species to cook our food. These are all 
indications of human adaptability, not of inappropriate behavior. With the paleolithic diet, 
it was relatively easy to get all of the micronutrients one required, simply as a byproduct 
of getting the calories needed to fuel daily energy expenditures. That is not easily 
possible with modern diets, which tend to be energy-rich and micronutrient-poor. It is 
exceedingly difficult (if not altogether impossible) to obtain a balanced diet from readily 
available food sources without including dairy. 

The first, and perhaps the most obvious, nutrient concerned is calcium. Diets 
containing three servings of dairy foods per day typically meet the relevant calcium 
intake requirements, whereas diets deficient in dairy are not only deficient in calcium 
but in multiple other nutrients as well. Several years ago Barger-Lux and I11 evaluated 
the diets of two large cohorts of women, rating them on whether they contained at least 
two-thirds of the recommended intake level for nine key nutrients. We found that 
individuals with inadequate calcium intakes were typically deficient in four of the other 
nine nutrients in addition to calcium. Thus, calcium intake was a marker of diet quality 
with high intakes (principally from dairy) indicating total diet adequacy, and low 
calcium intakes, polynutrient deficiency. This finding has been amply confirmed in 
other studies.12 

The importance of ensuring an adequate calcium intake in its own right has been 
enshrined in several National Institutes of Health Consensus Development Conference 

13–15reports, as well as in the Surgeon General’s Report on Bone Health and 
Osteoporosis.16 Hence, I believe we can take it as a given that low calcium intake is 
harmful. Not only do individuals with lactose maldigestion have lower dairy intakes, they 
also have lower values for bone mineral density,1–4,7,17 and higher risk for fracture,1,2,18 

thus establishing at least a skeletal consequence of dairy avoidance. 
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But it is an oversimplification to focus exclusively on single nutrients, even calcium. 
Nutrients are not drugs, and they do not act in a vacuum. Rather, like the instruments in 
a symphony orchestra, they produce their effects in concert with one another. A striking 
example of this mutual dependence is seen in the interaction of calcium and protein in 
the diet. Until recently, high protein intakes were considered to be potentially harmful for 
bone because of their effect on urinary calcium excretion. Increased calciuria was 
clearly demonstrated for protein and for pure amino acids, whether taken orally or 
intravenously.19,20 However, when protein was fed as a food, strangely there was no 
effect on calcium balance.21,22 More recently, it has become clear that calcium and 
protein, rather than antagonists, are actually synergistic in their skeletal effects.23,24 In 
postmenopausal women with low protein intakes, increasing calcium intake can slow 
bone loss, but not much more. By contrast, with high protein intakes, added calcium 
leads to actual bone gain. This is an important consideration in our context because 
individuals with low dairy intakes are missing not only the calcium but also a rich source 
of dietary protein, which is as necessary for bone rebuilding as is the calcium that is the 
more obvious component of bony material. 

But it does not stop there. Although potassium is abundant in the food chain and can be 
accessed in a number of different ways, in actual practice the single most important 
source of potassium in contemporary diets is dairy. The Scientific Committee of the 
Dietary Guidelines for Americans, in their 2005 deliberations, raised the recommended 
intake of dairy to three servings per day because it was the only way they could find to 
approach the then new potassium intake recommendations.25 High potassium intakes 
are good not only for the whole body, but potassium itself has been associated 
positively with bone density as well.26,27 This is also the case for magnesium,26 which is 
another nutrient in short supply in the American diet and is reasonably abundant in 
dairy foods. 

Is it easily possible to get all of these nutrients if one is a dairy avoider? Possible, but 
not easy. For example, soy beverages, which are marketed as substitutes for cow milk, 
are not dairy equivalent. The calcium added to these beverages to bring them up to the 
standard of dairy milk is less well absorbed than milk calcium,28 and frequently is not 
even ingested, as it settles to the bottom of the carton as a difficult-to-suspend sludge.29 

Other calcium-fortified foods can help the body meet the calcium requirement, but they 
tend to lack the other nutrients present in milk. Calcium-fortified orange juice, which is a 
good food in its own right, simply does not provide the full suite of nutrients one would 
get from a dairy food. However, in some cases, calcium supplements do appear to 
offset the effects of low dairy consumption on bone mineral density.5 

While the focus of this session is predominantly on skeletal effects, it should be 
stressed that inadequate dairy intake has multiple other consequences as well, 
including increased risk of metabolic syndrome, hypertension, preeclampsia, obesity, 
and certain forms of cancer, particularly colon cancer.30–34 Thus milk avoidance is, for 
most adults, a risky behavior. 
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The Bone Health Outcomes of Dairy-Exclusion Diets
 

Timothy J. Wilt, M.D., M.P.H.; Aasma Shaukat, M.D., M.P.H.;
 
Tatyana Shamliyan, M.D., M.S.; Brent C. Taylor, Ph.D., M.P.H.; Roderick 


MacDonald, M.S.; James Tacklind; Indulis Rutks; Sarah Jane 

Schwarzenberg, M.D.; Robert L. Kane, M.D.; Michael Levitt, M.D.
 

Objectives 

We reviewed evidence to determine bone health after dairy-exclusion diets. 

Data Sources 

We searched multiple electronic databases for original studies published in English from 
1967–October 2009. 

Methods 

Fractures, bone mineral content (BMC), and bone mineral density (BMD) were 
compared in categories of lactose intake. We included studies that compared outcomes 
among populations reporting, or randomized, to consume diets very low in or free from 
lactose. We included the following populations: general, vegans, lactase nonpersisters, 
diagnosed or self-identified lactose intolerant (LI), or lactose malabsorber. Dietary recall 
may be unreliable, and our search identified few studies meeting these criteria. 
Therefore, we included studies that examined the association between individuals 
classified as LI, lactose malabsorbers, or lactase deficient and health outcomes even if 
they did not specifically state the amount of lactose/dairy consumed because evidence 
suggested that these populations were likely to consume diets low in lactose. We 
excluded the studies of patients with milk allergies, irritable bowel syndrome, chronic 
diarrhea, gastroenteritis, or other diagnosed gastrointestinal diseases. 

Results 

We identified 52 observational studies of 218,837 subjects who reported the association 
between lactose intake and bone health and nine randomized controlled clinical trials 
that provided causal effects of lactose intake on bone health. African American women 
were enrolled in one study.1 The absence of specific documentation of the amount of 
lactose or dairy calcium consumed over long periods of time hampered synthesis of 
evidence in populations that are presumed to have low dairy intake. 

Vegan children consumed 47% and vegan women 30% of the recommended dietary 
calcium intake. Among those with LI, children consumed 45% and women 37% of 
recommended dietary calcium. Among those with lactose malabsorption (LM), adults 
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consumed 44% and women consumed 50% of the recommended dietary calcium. Daily 
calcium intake was 32% of recommended values in women with LM and LI. Women 
with CC genetic polymorphism consumed 48% of recommended dairy calcium from all 
sources and 34% from milk. Men with CC genetic polymorphism consumed 58% of 
recommended dairy calcium from all sources and 1.3% from milk. Children with CC 
genetic polymorphism consumed 80% of recommended dietary calcium. Adults with CC 
genotype reported reduced milk intake.2–5 The association was more consistent for 
women.6,7 The association may diminish with aging.8,9 Among children who avoided 
milk, those diagnosed with LI had much greater odds of milk-related symptoms.10 

Observational studies showed that low milk consumers had fractures more frequently 
than populations with higher milk consumption. We considered the level of evidence low 
due to inconsistencies in the magnitude of the association and adjustments for 
confounding factors.10–22 Two industry-sponsored studies reported that children who 
avoid milk intake for more than 4 months had increased risk of bone fractures.10,11 

Evidence from nine studies of 111,485 adult women suggested an increase in risk of 
fracture in association with low dairy intake; however, only five reported a significant 
association.12–20 Well-designed observational studies of men did not find a significant 
association between any osteoporotic or hip fracture and low milk intake.21,22 One large 
cohort reported that vegans had increased relative risk of fractures compared to the 
general population. 

The association between a single nucleotide polymorphism of the lactase (LCT) gene at 
chromosome 2q21-22 (associated with lactase deficiency and reduced lactose intake) 
and fractures in elderly adults was examined in five publications3,6,7,23,24 with 

6,7,23 inconsistent increase in fractures in postmenopausal women. One population-based 
study of 601 Finnish elderly adults found that those with CC genotype had more than a 
three-fold increase in crude odds of hip fracture and nearly a two-fold increase in crude 
odds of wrist fracture when compared to TT genotype.3 

One study reported that children who avoided drinking cow’s milk because of perceived 
milk intolerance did not have higher rates of fracture compared to milk avoiders who did 
not report symptoms of intolerance.23 Finnish postmenopausal women with lactose 
intolerance did not have greater risk of any vertebral or nonvertebral fracture when 
compared to healthy women.23 Austrian men and women with self-reported symptoms 
of LI during the hydrogen breath test had a 96% increase in crude odds of any fracture 
(odds ratio 1.96, 95% confidence interval 1.11; 3.48).25 Estonian men and women with 
self-reported milk intolerance had increased crude odds of osteoporotic fracture.5 

Low-level evidence indicates that adults with lactose-free or low lactose diets had 
osteopenia more often than controls.26–28 Four studies demonstrated that children from 
Europe,29 Asia,30 or New Zealand10,31 with lactose-free or low lactose diets had reduced 
BMC and BMD.10,29–31 
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A moderate level of evidence from randomized trials suggested that increased lactose 
intake resulted in improved BMC of the lumbar spine and femoral neck in prepubertal 
children with low-baseline milk intake (less than 50% of recommended calcium intake). 
Lactose effects were causal and direct, but the effect size varied across the studies and 
lowered the level of evidence. Dairy intervention with 1,794 or 1,067 mg of calcium per 
day compared to 400–879 mg of calcium per day for 12 months resulted in a significant 
increase in total body BMC in boys and girls from Hong Kong.32 One randomized 
controlled trial that included prepubertal children with very low-baseline milk intake 
reported significant increases in total body BMC after dairy administration that provided 
1,200 mg of calcium per day.33 The effect, however, was not significant at 18 months of 
follow-up.33 Lumbar spine BMC was increased in three randomized controlled trials,32–34 

while two trials did not report significant changes.35,36 Children from Hong Kong with 
very low-baseline calcium intake had the greatest increase in lumbar spine BMC.32 

Dairy intervention increased lumbar spine BMC in girls34 but not in boys.35 The 
improvement in BMD was less evident. 

Conclusions 

Observational studies of different quality provided low-level evidence that childhood milk 
avoidance may be associated with increased risk of bone fractures. Selected adult 
populations with CC genotype, symptoms of milk intolerance, or diagnosed LM and 
reduced lactose intake may have increased odds of bone fracture. One large cohort 
reported that vegan vegetarians had increased relative risk of fractures. The effects of 
lactose-free or low lactose diet were more evident in women. Increasing lactose intake 
in children and adults with lactose-free or low lactose diets may increase BMC and 
BMD. The magnitude and significance varied across the studies, depending on the 
populations, definitions of exposure, time of follow-up, and types of bone measured. 
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Adaptation to Lactose Intolerance 

Andrew Szilagyi, M.D., FACN 

Adaptation to lactose intolerance means symptomatic reduction by regular ingestion of 
lactose-containing foods without the use of lactose digestive enzymes. This may allow 
increased quantities to be consumed and is restricted to lactase-nonpersistent (LNP) 
persons (maldigesters).1–3 

In the first clinical study, a 50% reduction of symptoms (mainly bloat and gas) was 
achieved accompanied by reduced hydrogen responses that mimicked phenotypic 
lactase-persistent (LP) persons.2 Using lactulose as an adapter to lactose, a 50% 
reduction of overall symptoms also was attained (itemization not done) but without a 
phenotypic LP hydrogen response.4 Subsequent studies showed that at physiological 
doses (low dose) LP and LNP persons could not distinguish symptoms with lactose or 
placebo.5–7 It is estimated that about 6–9 g of single-dose lactose is still digestible in 
LNP.8,9 A daily intake of about 15–20 g was suggested to be necessary for adaptation to 
be instigated.10 

The mechanism(s) of this process has been attributed to several, probably 
interrelated, variables. 

1.	 Subjective effects: Learning experience may be acquired with continued 
consumption.11 Many persons with LNP overstate symptoms,12 and many LP 
persons also believe themselves to be intolerant, although with less severe 

10 symptoms. 

2.	 Altered intestinal transit and substrate delivery: Pregnant LNP persons improve 
symptoms throughout pregnancy and may worsen after delivery.13,14 As a model, 
symptomatic improvement was achieved in men undergoing lactose challenge tests 
after Imodium pretreatment. This drug prolongs intestinal transit time and also 
increases absorption of fluids and electrolytes, possibly mimicking progesterone.15 

3.	 Direct induction of intestinal lactase: This occurs in small animals16,17 but not in 
man. 18 Also in the above example of a progesterone effect, there is no evidence of 
in vitro lactase induction in Caco-2 cells.19 

4.	 Failure of lactase induction: This leads to bypass of intestinal digestion and effects 
on colon bacteria, predominantly in LNP. Although it is postulated that LP persons 
consuming high doses of lactose may derive such benefits,20 to date there are no 
data to support this view over a short time period.21,22 

Selective bacterial promotion is supported by the following evidence: (1) In vitro, lactose 
consumption is reconstituted by lactobacilli and bifidobacteria.23,24 (2) An in vitro 
prebiotic index of lactose of 5.75 (ratio of increased lactic-acid-producing bacteria to 
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decreased clostridia and bacteroides) is described.25 (3) Induction of bifidobacteria in a 
colonic model is reported.26 (4) Short-term human induction of lactobacilli27 and 
bifidobacteria11,27 is noted. Ito and Kimura also found reductions in bacteroides 
and clostridia.27 

Measurement of breath hydrogen and fecal bacterial beta-galactosidase activity 
constitutes a physiological test of the lactose adaptive process. The concept was 
described more than a decade and a half ago. It was shown in vitro that decreased 
hydrogen was due to reduction in hydrogen production and was accompanied by 
increased bacterial lactase in the stool after lactose rechallenge.2,28 Based on such, 
time to symptomatic adaptation ranges from 16 days to months (months based on 
observational studies, average 2 to 4 weeks in laboratory studies). Upon 
discontinuation, lingering effects occur but again the timing is not clear. Although beta­
galactosidase returns to baseline in 48 hours,2 the effect on reduction of hydrogen and 
symptoms is less well defined. 

Early colonic events are not clear either. Fecal beta-galactosidase increased two- to 
three-fold after 2–3 weeks.2–4 However, bacterial expansion occurs after 6 days.27 

Alternatively, Tannock et al. showed in a 3-week trial that early response to 
oligosaccharides may be associated with enhanced bacterial metabolism without colony 
expansion.29 Merely consuming lactic-acid-producing bacteria does not improve 
symptoms of lactose intolerance or hydrogen response.30 Selectivity for oligofructose 
metabolism by bifidobacteria was shown to be inversely dependent on differential rates 
and substrate chain length.31 Similar differential metabolic advantages for galacto­
oligosaccharides (and hence possibly lactose) also may exist.32 

Possible Epidemiologic Relevance of Adaptation 

Differential interaction between lactose and LP/LNP status, with a prebiotic effect in 
LNP and less so or none in LP, might influence certain disease risks under natural 
conditions. An inverse relationship between risks of ―Western‖ diseases and national 
population distribution of LP/LNP status and dairy food consumption was described.33 In 
particular, colorectal cancer data at the patient level exhibited an unusual association 
with dairy foods (protective) versus the epidemiological data (suggesting increased 
risk). Crude analysis suggested that protection occurred both in high dairy-consuming, 
high LP populations and low dairy-consuming, high LNP populations.34 While putative 
―protectors‖ in dairy foods are attributed to calcium and/or conjugated linoleic acid, 
demonstration of a prebiotic effect of lactose predominantly in LNP populations forces 
examination of the bacterial role in protection. Other diseases may be similarly affected. 

Summary and Conclusions 

Multiple studies have shown that at physiological doses of lactose, symptom issues are 
subjective. Since prebiotic effects may alter some disease risks in LNP, further 
evaluation should be placed on determining such possibilities. 
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Dosing, Symptoms, and Tolerable Doses of Lactose 

Dennis A. Savaiano, Ph.D. 

What amount of lactose will cause symptoms in individuals who are lactase 
nonpersistent? The following factors (and likely additional ones not yet considered) will 
influence the relationship between dose of lactose and symptoms: 

1.	 Meal feeding and lactose tolerance: The most practical approach for improving 
lactose tolerance is to consume milk with meals. Consuming lactose-containing 
foods as part of a meal has been shown to increase the time to peak breath 
hydrogen, decrease overall hydrogen production, and dramatically decrease 
symptoms of intolerance (by several-fold) in lactose maldigesters.1,2 Other 
gastrointestinal transit-related factors that have been studied include altering the 
energy content, viscosity, temperature, and fat content of milk. These factors 
appear to have a much smaller or negligible effect on lactose tolerance.3–5 

2.	 Food source of lactose: The lactose content of dairy foods varies significantly. 
Milk contains approximately 12 g of lactose in a typical 8-ounce serving. Hard 
cheeses contain little or no lactose, as the water-soluble whey is removed from the 
curds prior to final cheese production. Soft cheeses and ice creams typically contain 
intermediate levels of lactose per serving. In addition, the high solids content of ice 
creams and ice milks tends to modestly blunt the breath hydrogen and symptom 
response. 6 Yogurts are well tolerated by lactose maldigesters, primarily due the 
presence of high levels of microbial beta-galactosidase in the yogurt culture. 

This activity is functional in vivo during intestinal digestion.7 This effect is lost if the 
yogurt is heat killed or if minimal yogurt bacteria are included in the product, such as 
is the case with typical frozen yogurts.8,9 
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3.	 Body size (GI capacity): This likely influences tolerance simply by dilution and 
transit. Some studies have controlled this variable, feeding lactose on a kg body 
weight basis, while others have ignored it. 

4.	 Timing of the doses: Lactose intolerance appears to be an acute effect due to a 
single dose of lactose as it transits through the intestine. If a total of approximately 
25 g lactose is consumed as two separate doses of 12 g each at breakfast and 
dinner, symptoms are minimal.10 Lactose maldigesters tolerate even a large amount 
of lactose (34 g or more) on a daily basis if the total dose is subdivided into smaller 
doses (i.e., 12 g or less) throughout the day.10,11 Thus, lactose consumed at 
breakfast does not appear to contribute to potential symptoms from lactose 
consumed at lunch or dinner. 

5.	 Residual mammalian lactase: Residual lactase in the small bowel (perhaps based 
on genetic variation and multiple phenotypes) likely is an additional factor that 
influences tolerance. Bond and Levitt,12 using an intestinal intubation technique, 
demonstrated that lactose maldigesters may absorb anywhere from 42–75% of a 
12.5 g lactose dose. The effect of variation in residual lactase on tolerance has not 
been elucidated. 

6.	 Colon adaptation: Based on past history of lactose consumption, colon adaptation 
is likely a major factor in the variability in tolerance among nonpersistent individuals. 
Regular consumption of lactose has been shown to improve tolerance dramatically 
through adaptation of large intestinal metabolism.13 

The effect is likely due to both microbial adaptation and selection. Tolerance is 
significantly improved and breath hydrogen is dramatically reduced in adapted 
individuals, while fecal beta-galactosidase is elevated six-fold. The enhancement of 
hydrogen utilization by the adapted colonic flora has been shown in vitro.14 
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7.	 Dose-response: Any study of dose-response to lactose must attempt to take into 
account as many of the above variables as is feasible along with appropriate 
blinding. Between 80% and 100% of lactose maldigesters will experience 
intolerance symptoms when a 50 g dose of lactose (equivalent to 1 liter of milk) is 
fed. However, there is significant evidence indicating that a blinded dose of lactose 
of 12 g or less (the equivalent to 1 cup of milk) is well tolerated among 
nonpersistent individuals.15,16 The combination of the relatively small amount of 
lactose, coupled with residual lactase activity, likely results in minimal symptom 
responses at these low doses. Hertzler et al.,15 using breath hydrogen analysis, 
determined that a 12 g dose of lactose was well tolerated with a small increase in 
abdominal discomfort. 

Lactose Flatus Flatus Abdominal Pain 
Dose (g) Frequency Ratings Ratings 

0 4.0 + 1.3 3.4 + 1.0 1.7 + 0.8 

2 4.3 + 1.8 3.8 + 1.4 1.7 + 0.9 

6 5.1 + 0.6 1.9 + 0.9 1.2 + 0.5 

12 4.6 + 1.1 3.5 + 1.3 3.4 + 0.8 

20 9.0 + 2.6 6.6 + 1.8 5.3 + 1.8 

Complete tolerance to doses of lactose up to 7 g has been confirmed by Vesa et 
al.19 Furthermore, a double-masked study by Suarez et al.16 found that even 
subjects who claimed to be severely lactose intolerant did not report more 
symptoms when 8 fluid ounces per day of regular versus 100% lactose-hydrolyzed 
milk was fed for 7 days. Larger, but still physiologic, loads of lactose (e.g., 15–25 g) 
generally cause symptoms in about 50% of lactose maldigesters.15,18 
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Evidence-based Practice Center Presentation III:  

The Tolerable Amount of Lactose Intake in 


Subjects With Lactose Intolerance
 

Timothy J. Wilt, M.D., M.P.H.; Aasma Shaukat, M.D., M.P.H.; Tatyana 

Shamliyan, M.D., M.S.; Brent C. Taylor, Ph.D., M.P.H.; Roderick 

MacDonald, M.S.; James Tacklind; Indulis Rutks; Sarah Jane 


Schwarzenberg, M.D.; Robert L. Kane, M.D.; Michael Levitt, M.D.
 

Objective 

The objective was to determine the amount of lactose tolerable in subjects with lactose 
intolerance (LI). 

Data Sources 

The data sources were multiple electronic databases for blinded randomized controlled 
trials published in English from 1967–October 2009. 

Methods 

We extracted study, patient, intervention, and outcomes data from eligible studies. We 
quantified the type and severity of gastrointestinal symptoms and the amount and type 
of lactose causing patient-reported symptoms. We assessed the percentage reporting 
these outcomes as well as scores reported on symptom questionnaires. Because there 
was strong evidence of a placebo response, we limited inclusion to blinded randomized 
controlled trials. We attempted to categorize findings according to age, ethnicity, and 
patient-reported baseline LI severity. 

Results 

Twenty-eight randomized crossover trials were included. Half included lactose-digesting 
controls. The vast majority of studies were small (<30 subjects) with trial populations 
ranging between 6 and 150 subjects. Women constituted 55% of the subjects, and the 
mean age was 37 (20 studies reporting). Seven trials included children or adolescents, 
and four were exclusively children or adolescents. Among the 20 studies reporting race 
or ethnicity, 33% of the subjects were white, 30% Hispanic, 20% black, and 10% Asian. 
Studies did not report outcomes stratified by these baseline factors. In 11 studies, 
abdominal symptoms compatible with malabsorption of lactose prior to study entry were 
not required for participation. Lactose malabsorption (LM) was diagnosed following 
lactose tolerance tests by the hydrogen breath test in 13 of the studies,1–13 and blood 
glucose test in 11 studies.14–24 Diagnosis based on urinary galactose concentration was 
reported in one study,25 and biochemical method of diagnosis was not reported in three 
trials.26–28 Half of the trials included lactose-digesting controls.3–6,9,13,15,18–22,26,28 
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While subjects were routinely tested for LM, only a few studies then tested the intolerant 
subjects in blinded fashion with increasing doses of lactose administered throughout the 
day to determine the daily tolerable dosage of lactose. Most studies utilized a single 
dose of lactose and a lactose-free control administered in water or milk without food, 
frequently in not adequately blinded fashion (i.e., the taste of low-lactose milk differs 
from milk). 

Interpreting and summarizing published data on the tolerable dosages of lactose in 
diagnosed LI subjects is confounded by a variety of patient, intervention, and outcome 
factors: (1) Most studies identified the study population based on the subjects’ failure to 
absorb lactose (e.g., positive breath H2 test) rather than the demonstration that the 
subjects were LI (symptomatic response to a dose of lactose in blinded, controlled 
experiments). Thus, the data summarized in this report largely reflect the dosage of 
lactose tolerated by subjects initially demonstrated to be lactose malabsorbers not LI. 
(2) Among various publications, there are major differences in how lactose was 
administered, for example, as a single dose versus multiple doses over the span of a 
day or the administration of lactose as an aqueous solution or milk without other food 
versus administration with other nutrients. Tolerance for lactose presumably is 
increased when taken in divided dosages and/or ingested with other nutrients. (3) The 
symptomatic response to lactose was variably reported as simply present or absent or 
as severity of symptoms graded by the subject on a numerical scale. In most studies, no 
data were provided as to the clinical relevance of the symptom scores. Thus, this 
summary necessarily reports on the significance of differences following ingestion of 
lactose versus a control and cannot provide data on information such as whether the 
severity of symptoms would have precluded the dietary ingestion of the test dose of 
lactose. (4) The routine ingestion of lactose seemingly increases tolerance to this sugar. 
The vast majority of the literature provides no data on pretest lactose consumption. 
(5) No study compared the frequency or severity of the symptomatic response to 
lactose based on the age, sex, or ethnicity of the lactose-malabsorbing subjects. Thus, 
it is not possible to determine whether differences exist in the quantity of lactose 
tolerated by various subgroups of lactose-malabsorbing subjects. The following charts 
summarize available data on the quantity of lactose tolerated by lactose-malabsorbing 
subjects, when lactose/milk was administered with (Figure1) or without (Figure 2) 
other nutrients. 

Conclusion 

Evidence suggests that lactose may be better tolerated when ingested with other 
nutrients versus administration of an aqueous solution of lactose or milk as a single test 
dose without other nutrients. When taken with other nutrients, symptoms appear to be 
minimal with daily lactose dosages of less than 20 g (1.7 cups of milk), while many 
subjects experience severe symptoms with dosages of 50 g. In contrast, when 
lactose/milk is administered as a single test dose without other nutrients, dosages of 
12 g may be symptomatic. 
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Figure 1.  Symptomatic Response 
* 

of Adult Lactose Malabsorbers to Lactose Ingested With Nutrients Other Than Milk 

PUBLICATION 

Cheng (1979) (n=15)** ++ 

Suarez (1998) (n=31) + 

Vesa (1997) (n=30) -

Jones (1976) (n=16) - - ++ 

Rorick (1979) (n=23) -

Suarez (1997) (n=19) -

Suarez (1995) (n=21) -

Newcomer (1978) (n=59) - - - - - - ++ 

Hertzler (1996) (n=18) - - - - -

Daily Lactose (g) 0 3 6 7 9 12 15 18 22 

* Symptoms indicated by: - no or trivial symptoms, + minor symptoms, ++ severe symptoms. 
** n indicates number of lactose-malabsorbing subjects studied. 

30 34 42 49 50 56 63 70 
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Figure 2.  Symptomatic Response 
* 

of Adult Lactose Malabsorbers to Lactose Ingested Without Nutrients Other Than Milk 

PUBLICATION 

Rosado (1984) (n=25) ** 

Kwon (1980) (n=45) -

+ 

+ 

Cavall-Sforza (1986) 
(n=40) 

± ± + 

Reasoner (1981) (n=9) + ++ 

Pedersen (1982) (n=17) + 

Sorensen (1983) (n=35) - - - - + ++ 

Johnson (1993) (n=45) + 

Jones (1976) (n=17) - + ++ 

Yenos (n=8) ++ 

Montalto (2005) (n=20) ++ 

Hertzler (1996) (n=3) - - - + ++ 

Stephenson (1974) (n=9) - + ++ 

Brand (1991) (n=26) + 

Daily Lactose (g) 0 2 3 6 8 10 12 13 14 15 16 17 19 20 23 24 25 29 30 49 50 100 

* Symptoms indicated by: - no or trivial symptoms, + minor symptoms, ++ severe symptoms. 
** n indicates number of lactose-malabsorbing subjects studied. 
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Prebiotics and Lactose Intolerance 

David S. Newburg, Ph.D. 

Infant mammals generally contain the enzyme lactase in the duodenum and proximal 
jejunum, which is essential to digestion and utilization of the lactose from milk. Lactase 
expression declines after weaning and ends before adulthood. Lactase expression in 
most humans also follows this pattern, except in those descended from specific 
populations that have a history of dairy use throughout adulthood, notably those with 
northern European ancestry.1 Continued expression of lactase is a dominant trait; thus 
genetic lactose intolerance is considered autosomal recessive.2 However, the genotype 
of this lactase gene on chromosome 2 does not fully explain the phenotype of lactose 
intolerance. In animals, environmental factors can modulate the expression of the 
phenotype: Lactase expression has been induced by dietary lactose or the hormone 
cortisol; lactase expression has been reduced by thyroxine.3–7 In contrast, lactase may 
not be inducible in lactose-intolerant humans,8 despite the observation that many 
lactose maldigesters can tolerate small amounts of lactose in the diet and some tolerate 
a large bolus of dietary lactose.9–11 Moreover, introduction of milk products into the diets 
of children within populations whose adults are lactose malabsorbers results in a 
decreased incidence of lactose intolerance over time.12,13 These observations have led 
to the suggestion that adaptation by colonic microbiota may help spare genetically 
intolerant individuals from phenotypic expression of lactose maldigestion.14 

Dietary glycans that are indigestible by mammals but stimulate specific changes in the 
microbiota and confer health benefits to the mammal are known as prebiotics. In 
lactose-intolerant individuals, lactose might be considered a prebiotic, as dietary lactose 
would be an indigestible dietary carbohydrate that could influence the microbiota in a 
way that could allow the microbiota to consume lactose and thereby spare the individual 
from symptoms of overt lactose intolerance.15 Four testable postulates of this 
hypothesis are as follows: 

Lactose is not absorbed in lactose-intolerant individuals. (Demonstrated by a lack 
of blood glucose or galactose elevation following oral lactose.16) 

Lactose is fermented by the microbiota. (The production of hydrogen gas follows 
oral lactose,17,18 and antibiotics inhibit this response;19 feces enriched in 
Lactobacillus acidophilus rapidly remove lactose from the medium.20) 

Lactose favors growth of specific microbes of the microbiota. (Increased fecal 
beta-galactosidase follows prolonged ingestion of lactose by maldigesters.21) 

Lactose benefits lactose malabsorbers similar to other indigestible carbohydrates 
(prebiotics). (Daily lactose feeding of maldigesters reduces lactose intolerance.22) 
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This last point warrants careful consideration, as many types of prebiotics, including 
lactulose, inulin, fructo-oligosaccharides, galacto-oligosaccharides, pectins, resistant 
starch (limit dextrans), hemicelluloses, gums, and others are composed of many 
different sugars with specific linkages, giving them distinct properties. In some studies, 
lactulose and lactose have similar effects in protecting the recipient, presumably due to 
their similarities, as both are disaccharides terminating with galactose.22 In other 
reports, a single dose of fructo-oligosaccharides and lactulose causes more symptoms 
in lactose maldigesters than in lactose digesters.23 These disparate results may be due 
to different responses to acute administration rather than chronic administration, but 
also may be due to differences in prebiotic activity due to differences in the component 
sugars and linkages of these prebiotics. Human milk oligosaccharides, another class of 
prebiotic, contain lactose at their reducing ends,24 and the chemical relatedness 
between lactose and the oligosaccharides may result in synergies for initiation, 
succession, and maintenance of the microbiota. The relationship between prebiotic­
induced differences in microbiota and lactose intolerance remains a promising area 
of research. 
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Strategies for Managing Individuals With
 
Diagnosed Lactose Intolerance: Probiotics
 

Mary Ellen Sanders, Ph.D. 

Probiotics are live microorganisms, which when administered in adequate amounts, 
confer a health benefit on the host.1 Although probiotics include strains of E. coli, 
Saccharomyces cerevisiae, Bacillus, Propionibacterium, Streptococcus thermophilus 
(ST), and Lactococcus, the majority of probiotic strains hail from the Lactobacillus and 
Bifidobacterium genera. The usefulness of probiotics in providing dietary support for 
management of symptoms of lactose maldigestion has been studied for decades, with 
the preponderance of studies published in the 1980s and 1990s on ST and 
Lactobacillus bulgaricus (LB), Bifidobacterium strains, and other lactobacilli. Much of 
this research focuses on improved digestibility of yogurt (which contains the two starter 
culture bacteria, ST and LB) compared to milk, or to yogurt with heat-killed bacteria.2 In 
general, the conclusions of this body of research are (1) some probiotics, given at 
adequate doses, can reduce symptoms associated with lactose maldigestion; (2) this 
ability is strain- and dose-specific,3 although effects seem to be species specific for ST 
and LB; (3) mechanisms of this probiotic-mediated effect may include release of 
microbial lactase in the small intestine and/or alteration of fermentation patterns of the 
colonic microbiota; and (4) live bacteria are more effective than heat-killed. It is 
noteworthy that a lack of correlation of lactase levels (as assessed by in vitro methods) 
of the probiotic being tested and the ability to reduce breath hydrogen is observed,4 

suggesting the limitation of this assay for predicting probiotic effectiveness. The level of 
lactase delivered in an available form to the intestine is more important than how much 
lactase is produced by any particular strain. 

The literature suggests that, in general, ST and LB strains are better than 
Bifidobacterium and other typical ―probiotic‖ Lactobacillus strains at delivering lactase to 
the small intestine,5 although the more traditional probiotic bacteria may act in the colon 
and be effective in providing symptom relief.6 Figure 1 demonstrates that yogurt, with 
ST and LB, is more effective at reducing breath hydrogen excretion than several other 
products tested. This is thought to be largely due to their relatively high production of 
beta-galactosidase, and to bile-induced permeability of their cell walls, leading to 
release of the enzyme and in situ hydrolysis of lactose.5 Table 1 shows the correlation 
between reduction in breath hydrogen excretion and symptom reduction.5 LB and ST 
have a somewhat unique position in the probiotic schema in that they are largely unable 
to survive passage through the gastrointestinal tract. But it is precisely this physiological 
trait that seems to make them uniquely suited to effectively deliver lactase to the small 
intestine. In a test of the ability of lactose-maldigesting children to tolerate milk 
containing equal numbers of ST+LB or L. acidophilus NCFM (added as dried culture), 
the milk with ST+LB reduced both breath hydrogen excretion and intestinal symptoms, 
whereas the NCFM-supplemented milk only reduced symptoms.7 These results suggest 
that ST+LB may be superior in this role, and that a fundamental difference exists in 
mode of action of these types of microbes. Furthermore, this sometimes-observed 
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decoupling of subjective symptom reporting and breath hydrogen excretion is an area in 
need of additional study. 

Depending on the mechanism employed by a specific probiotic, one would hypothesize 
different timeframes for relief of lactose maldigestion symptoms that may have 
important practical implications. If the mechanism involves release of microbial lactase 
in the small intestine resulting in in situ lactase digestion, relief might be expected to be 
experienced only with simultaneous consumption of probiotic and lactose; if the 
mechanism is alteration of intestinal microbe populations or functions, one would expect 
a more sustained benefit, and one that would enable consumption of lactose temporally 
disconnected from consumption of the probiotic. 

Figure 1.	 Temporal Changes in the Breath Hydrogen Levels of Subjects Consuming 
Various Milk Products5 

ALLEVIATING LACTOSE MALDIGESTION 

All products contained 18 g lactose per serving except hydrolyzed-lactose milk, which contained 5 g 

lactose per serving. , yogurt;◑, hydrolyzed-lactose milk; , whole milk plus lactase tablet; , sweet 

acidophilus milk; , whole milk; n=10 healthy adult subjects. 
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Table 1. 	 Number of Subjects Reporting Symptoms and Mean Peak Breath Hydrogen 
Levels After Consumption of Various Milk Products5 

Number of Subjects 
Reporting Symptoms* 

Mean Peak 
Products Flatulence Diarrhea Cramps Breath H2 

† 

ppm 

Whole milk 8 5 3 51.1 + 9.2 

Acidophilus milk 6 3 4 53.9 + 11.4 

Lactase tablets with milk 3 3 1 42.5 + 12.9 

Hydrolyzed-lactose milk 0 1 1 21.0 + 6.3 

Yogurt 0 0 0 10.4 + 2.1 

*None of the control subjects reported symptoms. Correlations between mean peak breath H2 and 
number of subjects reporting flatulence, diarrhea, and cramps were 0.80, 0.79, and 0.63, respectively;

† 
x 

+ SEM at third hour; n=10. 

Research indicates that certain probiotics may alleviate symptoms of lactose 
maldigestion. The degree of benefit may depend on the degree of lactase insufficiency, 
the characteristics of the person’s colonic microbiota, and the characteristics and dose 
of the probiotic. Yogurt (or products with an equivalent lactose load) with live LB and ST 
(the presence of the National Yogurt Association ―LAC Seal‖ provides a good indication 
for consumers that a yogurt contains adequate levels of live cultures) can generally be 
better tolerated by lactose maldigesters than products without these live bacteria. To 
what extent these bacteria delivered in the forms of dried, dietary supplements are 
effective is less rigorously demonstrated. 

The presence of mixed results in the body of research in this field points to the difficulty 
in aggregating research on different strains, doses, populations, endpoints (biomarker 
vs. symptom), and delivery formats. There is a need for additional human studies that 
are properly blinded to improve confidence in symptom assessments, that follow 
changes in gut microbiota populations and activities using modern techniques, and that 
determine the impact of the probiotic delivery system (e.g., fermented milk products vs. 
dried bacteria) on probiotic functionality. In addition, microbiological issues related to 
bacterial and enzyme survival should be researched. Culture conditions affecting beta­
galactosidase production are important to define. The dependence of a physiological 
effective state of the microbe on media, growth phase, and storage conditions also 
should be determined. 

In the end, symptoms of lactose maldigestion are a result of disadvantageous colonic 
bacterial fermentation, and the ability to interfere with symptom development is a 
function of either depriving colonic bacteria lactose as a substrate or achieving colonic 
microbiota that do not ferment lactose to a problematic degree. Probiotics may be able 
to impact both of these factors, resulting in improved lactose tolerance. 
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Treatment Recommendations in Adults 

With Diagnosed Lactose Intolerance
 

Jeanette N. Keith, M.D. 

Misperceptions of lactose tolerance are pervasive among healthcare professionals and 
in the community.1,2 These misperceptions have led to arbitrary medical advice being 
given to patients with diagnosed lactose intolerance, magnifying misinformation and 
perpetuating myths.3 To be effective in treating individuals with diagnosed lactose 
intolerance, it is important that patients understand that lactose maldigestion is an 
intraluminal event that occurs when excess lactose reaches the colon and is digested 
by colonic bacteria.4 This process results in the production of hydrogen, methane gas, 
and acids. While lactose maldigestion is often asymptomatic, lactose intolerance 
describes the clinical syndrome associated with symptomatic ingestion. When 
determining the best strategy to treat an individual diagnosed with lactose intolerance, it 
is essential to know what test was performed and how much lactose was used as part 
of the test. Supraphysiologic levels of lactose used during breath hydrogen testing may 
not reflect tolerance to the amount of lactose found in a typical serving of dairy foods. 
The optimal test for the diagnosis of lactose intolerance remains debated.5 

To manage individuals with diagnosed lactose intolerance effectively, first, we inquire 
about perceptions of tolerance. It is our practice to inquire about the onset and 
frequency of symptoms in an effort to distinguish between real and perceived lactose 
intolerance in the individual with lactose maldigestion. Second, we identify the specific 
symptoms associated with lactose consumption because different forms of dairy foods 
contain varying quantities of lactose per serving.6 Factors that influence tolerance 
include the degree of fermentation specific to the dairy product, fat and protein content 
of the diet, gastric emptying, intestinal transit time, lactase enzyme activity level, percent 
lactose present, and colonic bacterial adaptation.7 Other factors that affect tolerance 
include visceral sensitivity to foods8 and the presence of coexisting gastrointestinal 
disorders such as irritable bowel syndrome and inflammatory bowel disease.9 

Third, we inform patients about the process of lactose digestion and the health benefits 
of a diet rich in calcium and vitamin D using scientifically sound, Evidence-based data. 
Multiple studies document the effectiveness of the dairy-rich DASH (Dietary Approaches 
To Stop Hypertension) eating plan in treating hypertension, diabetes, obesity, and other 
chronic diseases. The eating plan was well tolerated by African American participants. 
Therefore, this is an eating plan suggested for lactose-intolerant individuals, particularly 
in minority populations.10 

Fourth, we implement specific dietary strategies that have been shown to improve 
tolerance to dairy foods. There is high acceptance of dairy foods in lactose-intolerant 
populations when symptoms are minimized.11 In practice, we explain that just as it takes 
about 21 days to learn a new behavior, adaptation of the gut to a lactose-containing diet 
generally requires 3 weeks of consistent dietary change to achieve full tolerance.12 One 

113 

http:tolerance.12
http:minimized.11
http:populations.10


 

 
     

    
 

    
   

      
    

  
     

    
    

    
   

  
 

  
  

  

   
   
    

   
   

 

 

 
 

    
 

     
  

  
 

  

   
  

 

key suggestion for improving tolerance is to recommend consuming small quantities of 
dairy foods (e.g., 2–4 ounces) with a meal two to three times a day followed by gradual 
increases in dairy volume to the maximum level of tolerance.13 Another suggestion to 
improve tolerance is to add a variety of dairy foods with different amounts of lactose to 
the diet. For example, yogurt and aged cheeses contain less lactose than fluid milk. In a 
study by Suarez et al., lactose maldigestion was not an impediment to the intake of 
1,500 mg of calcium from dairy products when fluid milk intake was combined with 
cheese and yogurt consumption.14 Other tips for tolerance include the addition of low-
lactose milk powder as a nutritional supplement,15 the use of lactase enzymes,16 

consumption of lactose-reduced products,17 the use of probiotics,18 the consumption of 
low-lactose-containing foods such as yogurt or aged cheeses,19 and fermented products 
such as kefir.20 Some studies also report increased tolerance to flavored milk as 
opposed to unflavored milk.21 Nondairy beverages such as soy-based drinks are options 
for treatment but vary in their nutritional content and acceptability when compared to 
dairy foods.22 Dairy avoidance for the treatment of lactose intolerance is not an optimal 
suggestion in clinical practice as it may contribute to essential nutrient deficiencies that 
are associated with diet-preventable chronic diseases. The nutrient package of dairy 
allows one to meet the daily dietary requirements for multiple nutrients, notably calcium, 
potassium, and magnesium.23 

Understanding the health benefits of a calcium-rich diet and the process of lactose 
digestion is the foundation for treatment strategies in the management of lactose 
intolerance. The most effective dietary intervention for lactose intolerance is the one 
personalized to meet the needs of the individual affected by symptomatic lactose 
ingestion. It is important that recommendations be based on sound clinical evidence to 
avoid magnifying misinformation, perpetuating myths, and contributing to potential 
essential nutrient deficiencies. 
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Treatment Recommendations in Children 

Catherine M. Gordon, M.D., M.Sc. 

Lactose intolerance (LI) has been shown to have potential adverse effects on multiple 
health endpoints,1–5 and bone health is the most common outcome that has been 
studied across the age spectrum.1,6–11 LI leads to potential osteoporosis and fractures 
via the mechanisms illustrated in Figure 1.10 Other potential adverse effects include 
hypertension and changes in weight and body composition, which may lead to insulin 
resistance syndromes and type 2 diabetes.12–14 Health disparities also have been noted, 
with a potential overestimation of LI among minority populations.4,15 

Figure 1. Model for LI Resulting in Osteoporosis and Fractures10 

Lactose 
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Dairy food 
avoidance 
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and vitamin D 
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for osteoporosis 

and fracture 

A few studies have examined bone health in individuals with LI. One study examined 
both bone mineral density (BMD) and fracture, and found that the rate of vertebral 
fractures was higher in those with documented LI.6 Another study examined BMD by 
dual-energy x-ray absorptiometry (DXA) in 29 subjects with LI, 26 subjects with lactose 
malabsorption with symptoms of LI, and 49 healthy controls.7 Both lumbar spine and 
femoral neck BMD by DXA were found to be lower among those with documented LI 
(p<0.01). Decreasing BMD also was  inversely correlated with severity of LI symptoms.7 

A final study examined the association between perceived milk intolerance (PMI) and 
lactose maldigestion, dietary calcium intake, and bone mineral content in adolescent 
girls. Forty-seven out of 246 girls identified themselves to be milk intolerant. Forty 
completed breath hydrogen testing, and only 18 of the 40 had true lactose maldigestion. 
Among the 10- to 13-year-old girls studied, spinal bone mineral content (BMC) was 
significantly lower in those with PMI. These data suggest that PMI, starting as early as 
age 10, leads to self-imposed dairy restriction that may manifest as a lower spinal BMC 
in adolescent girls. 
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In 2007, the American Academy of Pediatrics (AAP) published a report outlining dietary 
strategies for infants, children, and adolescents with LI.1 A review by McBean and Miller 
also provided guidance and sought to allay fears about LI.5 General dietary 
management strategies are included in Table 1.2 Knowledge about both the calcium 
and lactose content of food can be helpful in formulating a dietary plan for a child (Table 
2).1 Reflecting the importance of vitamin D to efficient calcium absorption and multiple 
health endpoints, the AAP now recommends vitamin D supplementation, 400 IU daily, 
to all infants, children, and teenagers.16 

Table 1. Dietary Management Strategies That Allow Lactose Maldigestors To 
Successfully Incorporate Dairy Food Into Their Diets2 

1. Consume small amounts of lactose-containing foods. 

2. Chronic/repeated intake of lactose-containing foods allows colonic 

bacteria to adapt and more efficiently metabolize lactose. 

3. Co-ingest lactose-containing foods with a meal. 

4. Consider the form of the lactose-containing food. Hard cheeses, 

chocolate, higher fat milks, and ice cream are well tolerated. 

5. Eat live culture yogurt. 

6. Utilize commercially available lactose digestive aids. 

7. Modify behaviors and perceptions from past experiences to learn that 

dairy/lactose-containing foods can be easily incorporated into the diet. 

8. Consider the consumption of calcium-fortified foods. 

Table 2. Lactose and Calcium Content of Common Foods1 

Dairy Products 
Calcium 

Content (mg) 
Lactose 

Content (g) 

Yogurt, plain, low fat, 1 cup 448 8.4 

Milk, whole (3.25% fat), 1 cup 276 12.8 

Milk, reduced fat, 1 cup 285 12.2 

Ice cream, vanilla, ½ cup 92 4.9 

Cheddar cheese, 1 ounce 204 0.07 

Swiss cheese, 1 ounce 224 0.02 

Cottage cheese, creamed (small 
curd), 1 cup 

135 1.4 
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Calcium homeostasis is affected by protein intake, vitamin D status, salt intake, and 
genetic factors.8 After the first year of life, the recommended adequate intake of calcium 
ranges from 500–1,300 mg of elemental calcium.17 If calcium supplements are 
recommended, no more than 500 mg should be given per dose. Calcium citrate, 
carbonate, and glubionate are common preparations prescribed to pediatric patients.17 

There are foods that inhibit calcium absorption including consumption of iron, zinc, and 
magnesium; oxalic acid (found in spinach, rhubarb, beet leaves, chard, and chocolate); 
and phytic acid (found in the germ and bran of grains, as well as in legumes). Both 
caffeine and sodium intake can increase urinary calcium excretion.17 Lastly, providers 
need to be mindful of calcium-drug interactions, such as L-thyroxine replacement 
therapy, anticonvulsants, H2 blockers and proton-pump inhibitors, bisphosphonates, 
antibiotics (e.g., quinolones, tetracycline), and glucocorticoids. 

In summary, LI is a common disorder that has been linked with lower dietary calcium 
intake potentially leading to a low BMD and increased fracture risk. Treatment of LI is 
centered on dietary approaches to optimize protein, calcium, and vitamin D intake 
without ingesting excessive amounts of lactose. Current LI literature is particularly 
sparse in the area of longitudinal effects of LI on bone metabolism and other 
health parameters. 
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Evidence-based Practice Center Presentation IV: 

Effective Strategies for the Management of
 

Individuals with Diagnosed Lactose Intolerance
 

Timothy J. Wilt, M.D., M.P.H.; Aasma Shaukat, M.D., M.P.H.; Tatyana 

Shamliyan, M.D., M.S.; Brent C. Taylor, Ph.D., M.P.H.; Roderick 

MacDonald, M.S.; James Tacklind; Indulis Rutks; Sarah Jane 


Schwarzenberg, M.D.; Robert L. Kane, M.D.; Michael Levitt, M.D.
 

Introduction 

Treatment for lactose intolerance consists of a lactose-restricted diet or the use of milk 
in which the lactose has been prehydrolyzed via treatment with lactase supplements. 
Lactase supplements taken at the time of milk ingestion also are commercially 
available. 

Objective 

The objective of this study was to assess the efficacy of the following strategies in 
management of symptoms of lactose intolerance. 

Methods 

We searched MEDLINE®, the Cochrane Library, and other databases to find studies 
published in English from 1967 until October 2009. We included randomized double-
blind controlled trials of probiotics, enzyme replacement therapies with lactase from 
nonhuman sources, administration of lactose-reduced milk, and regimes of increases in 
dietary lactose load. We evaluated the efficacy of therapeutic agents and strategies in 
alleviating symptoms among individuals with diagnosed lactose malabsorption. 
Individuals diagnosed with irritable bowel syndrome, inflammatory or infectious bowel 
diseases, or milk allergies were excluded. We also excluded children younger than age 
4. We judged level of evidence using modified Grading of Recommendations 
Assessment, Development, and Evaluation (GRADE) criteria. 

Results 

A total of 37 unique randomized studies (26 on lactase/lactose hydrolyzed milk 
supplements or lactose-reduced milk, 8 on probiotics, 2 on incremental lactose dose for 
colonic adaptation, and 1 on other agents) met inclusion criteria. 

Lactase/Lactose Hydrolyzed Milk 

Among 26 articles representing 28 unique trials, studies enrolled between 6 and 150 
subjects. Women constituted 56% of the subjects (n=23 studies). The mean age of 
subjects was 37 years (n=19 studies). Six trials included children or adolescents.1–6 
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One trial enrolled elderly subjects.7 Within the 19 studies reporting race or ethnicity, 
40% of the subjects were white, 30% Hispanic, 20% black, and 9% Asian.1–17 Subjects 
in 18 studies reported abdominal symptoms compatible with malabsorption of lactose 
prior to study entry.1–3,8–11,14–16,18–25 All but one study reported on lactose-reduced or 
hydrolyzed milk by adding a lactase enzyme such as beta-galactosidase to the milk. 

There was moderate evidence of improvement in symptoms from moderate and severe 
to mild or none, or an absolute reduction of at least 50% in abdominal pain/ 
cramping1,2,10,14,24 and diarrhea22 with use of lactose-reduced solution/milk, with lactose 
content of 0–2 grams (g), compared to a lactose dose of 12 g or more. Overall symptom 
score was reduced by 60% with lactose-reduced milk containing 7.5 g lactose 
compared to a similar amount of milk with 30 g lactose,25 and by 13% with low-lactose 
skim milk with 0.8–6.5 g lactose compared to skim milk with 6.1–49 g lactose. Mean and 
total symptom scores also were reduced, from 3.7 to 0.36 with 70% hydrolyzed milk 
compared to placebo with 20 g lactose18 and from a score of 46 for skim milk with 
11.3 g lactose to a score of 17 with low-lactose milk with 3.2 g lactose.14 Similar 
reductions were seen in summed scores for abdominal pain from 43 with milk 
containing 25 g lactose to 1 with lactose hydrolyzed milk containing 1.25 g lactose, and 
a mean score for abdominal pain from 7.5 with milk containing 12 g lactose to 4.1 with 
milk containing lactase,1 both in children. In adults, one study showed a reduction in 
abdominal pain from moderate to none or mild with low-lactose milk containing 2.9 g 
lactose compared to skim milk containing 28.5 g lactose.24 The proportion of subjects 
reporting symptoms was reduced by 18% with lactose-free milk containing 0 g lactose 
compared to lactose-reduced milk with 0.5 g lactose and a 50% reduction in those 
reporting at least one moderate to severe symptom for abdominal pain with low-lactose 
milk containing 1.6 g lactose compared to skim milk with 11.3 g lactose.14 Compared to 
placebo, use of lactase supplements such as Lactogest, Dairy Ease, or Lactaid in doses 
of two to four capsules/tablets when taken with 400 ml of 2% milk containing 20 g 
lactose reduced overall symptom scores, mostly due to reduction in scores for 
flatulence,22 but did not reduce symptoms when administered with a 50 g lactose dose. 

Prebiotics and Probiotics 

Trials enrolled between 9 and 28 subjects. Among the five studies reporting gender, 
women constituted 34% of the subjects.26–30 Two studies enrolled only male 
subjects.29,30 Subjects were typically young to middle-aged adults, and only one study 
enrolled subjects older than age 60. Five trials assessed probiotic test products, 
prepared by adding strains of Lactobacillus acidophilus, L. bulgaricus, or 
Bifidobacterium longum to milk prior to consumption.26,27,31–33 Four studies evaluated 
yogurt products.28–30,32 Lactose malabsorption was diagnosed by the hydrogen breath 
test in all studies. Only one study noted that the enrolled subjects reported symptoms 
compatible with malabsorption of lactose prior to study entry.33 Overall symptom score 
was reduced from 12.5 with 2% milk containing 20 g lactose to 2.8 with the same milk 
formulation but with added Lactobacillus at 109 cfu/ml31 and from fairly strong to mild 
with 400 ml of Bulgofilus milk compared to control, both with 18 g lactose. Reductions in 
other symptoms were either not reported, not significantly different, or likely of lower 
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clinical significance. The inclusion criteria were variable; the type, source, and 
concentration of yogurt and probiotics studied were variable; and no two studies 
studied the same agent. 

Other Strategies 

We found one cross-over study evaluating 10 days of incremental doses of lactose 
versus dextrose for colonic adaptation among 20 subjects with lactose malabsorption 
diagnosed on hydrogen breath tests.34 Most subjects had only mild symptoms even at 
high doses of lactose consumption. Flatulence, but not abdominal pain and diarrhea, 
was reduced. A second study evaluated colonic adaptation to lactose by comparing 
symptoms among 46 adults with lactose malabsorption who were fed either 34 g lactose 
or sucrose in a double-blind fashion for 13 days.35 The overall clinical score and 
individual mean scores for pain, flatulence, bloating, and borborygmi (stomach 
rumbling) showed similar improvement in the lactose and sucrose groups. One 
additional study found that rifaximin and lactose-free diets resulted in similar reductions 
in abdominal pain, diarrhea, bloating, and distension compared to baseline.36 

Conclusions 

We found moderate evidence to support reduction in overall symptoms and abdominal 
pain and diarrhea with consumption of lactose-reduced milk (to content of 0–2 g). For 
most other strategies, evidence of symptomatic improvement generally was based on a 
few small, short-term studies reporting varied outcome measures and demonstrating 
effects of small magnitude. 
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Behavioral Factors Related to Lactose 

Intolerance and Bone Consequences
 

Susan L. Johnson, Ph.D. 

Lactose intolerance describes a group of gastrointestinal symptoms associated with 
incomplete digestion of lactose including abdominal discomfort, cramps, flatulence, and 
nausea. 1 It is estimated that 29% of Americans have a reduced ability to digest 
lactose.2,3 Among some ethnic groups in America, the estimated prevalence is much 
higher with approximately 15% of whites, 50% of Hispanics, and 80% of blacks being 
lactose intolerant.2,4 These incidence rates, however, may greatly overestimate the 
percentage of those who experience symptoms after consuming usual amounts of dairy 
products. Individuals with lactose maldigestion (i.e., low lactase levels) may or may not 
experience the symptoms of lactose intolerance.2 In many instances, lactose 
intolerance is either self-diagnosed or diagnosed by a physician using subjective 
information (i.e., description of symptoms or elimination of foods) instead of objective 
testing.1,5,6 It has been suggested that the perception of being lactose intolerant is more 
influential than actual diagnosed lactose intolerance, as people who perceive they are 
lactose intolerant change their behavior due to the gastrointestinal symptoms they 
associate with dairy consumption. 

Consuming adequate dairy foods is suggested to be important to achieve optimal 
health, particularly in relation to bone health. Research has revealed that milk, milk 
products, and calcium may reduce the risk of disorders including osteoporosis, 
hypertension, excess body weight and fat, and colorectal cancer.1,7,8 Dairy products 
offer high calcium content and bioavailability at a relatively low cost.1,7 Fluid milk is 
fortified with vitamin D to a level of 400 IU per quart, which has positive implications for 
bone mineral accretion. 

The 2005 Dietary Guidelines for Americans recommends two to three servings of low-
fat milk or milk products per day based on age.9 It was found that 81% of all individuals 
surveyed in the 1999–2002 National Health and Nutrition Examination Survey (National 
Dairy Council, unpublished data) did not meet their dairy food intake recommendations. 
Specifically, more than 50% of children age 2 to 8, 77% of preadolescents and 
adolescents (age 9 to 19), and close to 90% of adults age 20 to 50 did not meet the 
recommendation. It is not clear what percentage of suboptimal dairy food consumption 
is attributed to lactose intolerance, but perceived lactose intolerance may unnecessarily 
discourage many people from consuming adequate amounts of dairy foods. For 
example, in a longitudinal study of 1,521 adolescent males and females in Minnesota 
(Project EAT), survey data revealed that perceived lactose intolerance in males was the 
only factor found to be associated with lower calcium intake at follow-up and with 
longitudinal decreases in calcium intake.10 
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Several psychosocial predictors of calcium intake have been identified for adolescent 
girls including knowledge of calcium-containing foods, self-efficacy for consuming 
calcium-rich foods, and availability of calcium-containing foods in the home.11 The 
effects of the home environment on girls’ calcium intake and bone mineral content have 
suggested that when milk is offered more often and when mothers reported drinking 
milk, girls consumed more dietary calcium from milk and had a higher bone mineral 
content.12 Whether parental perceived lactose intolerance relates to child feeding 
practices and intake of lactose-containing foods has not been adequately investigated 
and represents an important opportunity for future research. 

Prevalence rates of lactose intolerance may be lower than originally suggested among 
some ethnic groups.13 Despite estimates of lactose intolerance in 80% of blacks,14 only 
24% of blacks surveyed in a nationally representative sample actually reported being 
lactose intolerant.15 Cultural factors may impact low dairy consumption in this 
population, and the diet of African Americans is more likely to contain low amounts of 
certain nutrients including calcium, magnesium, and phosphorus, because blacks report 
lower consumption of dairy foods.16 According to a study conducted on the adherence 
of minorities to the food guide pyramid, the Hispanic population has suboptimal 
consumption of dairy foods ranging from 1.5 to 1.9 average servings per day regardless 
of whether they were born in the United States or born in Mexico, South America, or 
Central America.17 The low intake of calcium-rich dairy foods and other nutrients by 
these populations is of particular concern, since it potentially contributes to bone loss 
and hypertension.2 

Several factors may contribute toward individuals perceiving themselves to be lactose 
intolerant. Recent studies indicate that perceived lactose intolerance, particularly among 
minorities, may start at an early age. One study that conducted focus groups to 
determine the perception of preadolescent and adolescent Asian, Hispanic, and white 
girls found that Hispanic girls were most likely to relate lactose intolerance symptoms 
with milk consumption.18 This group also had the most negative perceptions of milk. 
Another study reported that approximately 20% of white, Asian, or Hispanic 
preadolescent and adolescent girls age 10 to 13 considered themselves to be milk 
intolerant. However, of those who considered themselves to be milk intolerant, more 
than half were actually not lactose maldigesters.19 

A recent study was designed to (1) understand the actual prevalence of lactose 
intolerance and its practical significance among blacks, Hispanics, and whites, and (2) 
to understand the concerns lactose-intolerant individuals have with respect to dairy 
consumption. The aim included identifying strategies that can be implemented to 
facilitate and increase dairy food consumption to the recommended levels among 
these individuals.20 

Adults who were screened for symptoms related to lactose intolerance participated in a 
focus group conducted using the Nominal Group Technique.21 Participants’ insights, 
knowledge, and experiences were tapped to identify strategies they used to deal with 
their perceived lactose intolerance and problems they encountered due to lactose 
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intolerance. Consequently, each participant selected what he or she individually 
perceived as (1) the three most significant facilitative strategies related to reducing 
problems with their lactose intolerance, or (2) the three most significant problems they 
encountered with having lactose intolerance. These data yielded a rank-ordered list. In 
Tables 1 and 2, the six most commonly ranked items are listed for each question. 

Table 1. Most Important Things That Worked To Reduce Problems With 
Lactose Intolerance 

Item Responses 

1 Avoid all dairy products 

2 Use alternatives to dairy products such as soy-based products 

3 Limit the intake of whole-milk dairy products 

4 Use lactase-free milk 

5 Use lactase pills 

6 Use medications such as Gas-X 

Table 2. Most Important Problems Encountered With Having Lactose Intolerance 

Item Responses 

1 Not able to eat certain foods that you like 

2 Worry about embarrassment at social events because of lactose intolerance 

3 Limit your physical activity because of lactose intolerance 

4 Concern about not getting enough calcium 

5 Concern about developing osteoporosis or other bone diseases 

6 Limit activities that take you away from available restrooms 

It is of note that the most common strategies opted for are the exclusion of dairy 
products, even if these foods are liked, and that pursuing this option results in a 
concomitant concern regarding calcium intake and the development of osteoporosis. 
These data suggest that even though individuals are informed about the consequences 
of chronic low calcium intake, they will choose that option to avoid the negative side 
effects of (perceived) lactose maldigestion. 

The consequences for choosing diets low in calcium are most significantly related to 
lower bone mineral content. One study of adolescent girls (a substudy of the Adequate 
Calcium Today study) reported that girls who perceived themselves to have lactose 
maldigestion self-selected diets restricted in dairy products, had lower calcium intakes 
(212 mg less calcium), and lower spinal bone mineral content values (although no 
difference in total body mineral content was observed).19 
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In adult populations in Estonia, the self-perception of lactose intolerance has been 
reported to be a better predictor of milk consumption than hypolactasia (LCT gene 
as measured by C/T-13910 variant). Furthermore, milk consumption was among the 
predictors of bone mineral density, whereas neither the LCT genotype nor the lactase 
phenotype predicted bone mineral density.22 Similar findings were reported in a 12-year 
longitudinal study in Finland in which lactase genotype was not related to differences 
in bone mineral content or bone mineral density. However, males with lactase 
nonpersistence (C/C-13910 genotype) had the highest loss of bone mass in the 
lumbar spine.23 

Summary 

Individuals who perceive themselves to be lactose intolerant alter their diets, whether or 
not they have the genetic variant associated with lactose maldigestion. These changes 
in food selection appear to be driven by social concerns and lead to ambivalence on the 
part of individuals who perceive that they are lactose intolerant. On one hand, they wish 
to avoid unpleasant consequences associated with lactose-containing products; on the 
other hand, they are concerned about the consequences of poor calcium intake and 
reduced physical activity levels. The outcome for those who perceive they are lactose 
intolerant is an increased risk for poor bone health. Additional research investigating the 
intergenerational transmission of beliefs and feeding practices within families who 
perceive they manifest symptoms of lactose maldigestion would inform future 
intervention development and practice at the primary care level. 

References 

1.	 Miller GD, Jarvis JK, McBean LD. The Handbook of Dairy Foods and Nutrition. 3rd 
ed. Boca Raton, LA: CRC Press; 2007. 

2.	 Jarvis JK, Miller GD. Overcoming the barrier of lactose intolerance to reduce health 
disparities. J Natl Med Assoc. 2002;94:55–66. 

3.	 Suarez FL, Savaiano DA. Diet, genetics, and lactose intolerance. Food Tech. 
1997;51:74–76. 

4.	 Sabi T. Hypolactasia and lactase persistence. Historical review and terminology. 
Scand J Gastroenterol Suppl. 1994;202:1–6. 

5.	 Montes RG, Perman JA. Lactose intolerance. Pinpointing the source of nonspecific 
gastrointestinal symptoms. Postgrad Med. 1991;89:175–178, 181–174. 

6.	 Lovelace HY, Barr SI. Diagnosis, symptoms, and calcium intakes of individuals with 
self-reported lactose intolerance. J Am Coll Nutr. 2005;24:51–57. 

7.	 Nicklas TA. Calcium intake trends and health consequences from childhood through 
adulthood. J Am Coll Nutr. 2003;22:340–356. 

130 

http:spine.23
http:density.22


 

 

  
  

 
   

  
  

  
    

 

  
  

  

    
 

    

    
 

 

  
   

     
     

 

   
  

    
  

    
  

  

  
 

 

8.	 Huth PJ, DiRienzo DB, Miller GD. Major scientific advances with dairy foods in 
nutrition and health. J Dairy Sci. 2006;89:1207–1221. 

9.	 U.S. Department of Health and Human Services and U.S. Department of 
Agriculture. Dietary Guidelines for Americans, 2005. 6th ed. Washington, DC: 
U.S. Government Printing Office; 2005. health.gov/dietaryguidelines/dga2005/ 
document/pdf/DGA2005.pdf. Accessed November 19, 2009. 

10. Larson NI, Neumark-Sztainer D, Harnack L, Wall M, Story M, Eisenberg ME. 
Calcium and dairy intake: longitudinal trends during the transition to young 
adulthood and correlates of calcium intake. J Nutr Educ Behav. 2009;41:254–260. 

11. Sharma SV, Hoelscher DM, Kelder SH, Day RS, Hergenroeder A. Psychosocial, 
environmental and behavioral factors associated with bone health in middle-school 
girls. Health Educ Res. 2008;24;173–184. 

12. Fisher JO, Mitchell DC, Smiciklas-Wright H, Mannino ML, Birch LL. Meeting calcium 
recommendations during middle childhood reflects mother-daughter beverage 
choices and predicts bone mineral status. Am J Clin Nutr. 2004;79:698–706. 

13. McBean LD, Miller GD. Allaying fears and fallacies about lactose intolerance. J Am 
Diet Assoc. 1998;98:671–676. 

14. National Digestive Diseases Information Clearinghouse. Lactose Intolerance. 
Washington, DC: National Institute of Diabetes and Digestive and Kidney Diseases, 
National Institutes of Health; 2004. digestive.niddk.nih.gov/ddiseases/pubs/ 
lactoseintolerance/. Accessed November 19, 2009. 

15. Wooten WJ, Price W. Consensus report of the National Medical Association. The 
role of dairy and dairy nutrients in the diet of African Americans. J Natl Med Assoc. 
2004;96:5S–31S. 

16. Fulgoni V 3rd, Nicholls J, Reed A, et al. Dairy consumption and related nutrient 
intake in African-American adults and children in the United States: continuing 
survey of food intakes by individuals 1994–1996, 1998, and the National Health and 
Nutrition Examination Survey 1999–2000. J Am Diet Assoc. 2007;107:256–264. 

17. Sharma S, Murphy SP, Wilkens LR, et al. Adherence to the food guide pyramid 
recommendations among African Americans and Latinos: results from the 
multiethnic cohort. J Am Diet Assoc. 2004;104:1873–1877. 

18. Auld G, Boushey CJ, Bock MA, et al. Perspectives on intake of calcium-rich foods 
among Asian, Hispanic, and white preadolescent and adolescent females. J Nutr 
Educ. 2002;34:242–251. 

131 



 

   
  

  

  
 

 

  
   

  

  
   

 

   

 

 
 
 

19. Matlik L, Savaiano D, McCabe G, VanLoan M, Blue CL, Boushey CJ. Perceived 
milk intolerance is related to bone mineral content in 10- to 13-year-old female 
adolescents. Pediatrics. 2007;120:e669–e677. 

20. Nicklaus TA, Hughes SO, Shewchuk RM, Qu H. Understanding perceived lactose 
intolerance in white, black, and Hispanic adults. (Manuscript in preparation; 
personal communication.) 

21. Kull M, Kallikorm R, Lember M. Impact of molecularly defined hypolactasia, self-
perceived milk intolerance and milk consumption on bone mineral density in a 
population sample in Northern Europe. Scand J Gastroenterol. 2009;44:415–421. 

22. Laaksonen MML, Impivaara O, Sievanen H, et al. Associations of genetic lactase 
non-persistence and sex with bone loss in young adulthood. Bone. 
2009;44:1003–1009. 

23. Miller D, Shewchuk R, Elliot TR, Richards S. Nominal Group Technique: a process 
for identifying diabetes self-care issues among patients and caregivers. Diabetes 
Educ. 2000;26:305–310, 312, 314. 

132 



 

 

 
  

    

 
   

 
 

  
 

 
     

   
   

 
  

 

  
 

   

 

  
   

 
   

 
 

 
       
 

   
  

 
   

    
    

  

Psychological Impacts: Strategies Effective in 

Managing Individuals Diagnosed With Lactose Intolerance
 

Janet E. Taylor, M.D., M.P.H. 

There are many chronic diseases related to underconsumption of recommended dietary 
nutrients including vegetables, fruits, and whole grains,1 dietary patterns,2 underlying 
physiologic conditions, and psychological factors.3 Chronic medical conditions such as 
osteoporosis, cardiovascular disease, and, in particular, hypertension and stroke have 
been associated with a deficiency in calcium. This may be more serious and 
consequential in ethnic minority groups. African Americans, Hispanics, and Native 
American Indians have higher than average risks for the development of hypertension 
and stroke4 while demonstrating low calcium and dairy food consumption. In the United 
States, low calcium intakes may be found in up to 75% of individuals.4 Dairy foods 
account for up to 72% of calcium, and low calcium intake is widely seen as a public 
health problem.5 Physiologic functions such as nerve conduction, muscle contraction, 
cell adhesiveness, mitosis, blood coagulation, and structural support of the skeleton are 
all related to calcium.5 

Health behaviors such as the consumption of dairy foods are influenced by social 
context. Social context is important in understanding the distribution of health behaviors 
and health outcomes6 and are determined by socioeconomic position, income, 
race/ethnicity, gender, and level of education. Cultural beliefs about health and illness 
also may impact health behaviors. 

A goal of the United States (Healthy People 2010) has been to reduce health disparities 
such as overweight and obesity between many ethnic and racial groups.7 Rising obesity 
rates in the United States contribute to chronic disease, with obesity resulting in many 
efforts to moderate the food environment. Multi-focused efforts have placed a focus on 
―individual responsibility,‖ altering the food environment in neighborhoods and schools, 
suggestions on governmental intervention with proposals to restrict sales of fats and 
sweets or impose taxes, and a push to limit advertising and improve access to healthier 
foods within at-risk communities.8 Food access can be defined as both a financial and 
physical need. Underconsumption of dairy foods has been related to medical conditions 
such as hypertension, bone loss, and colon cancer4 and remains a physiologic and 
psychological challenge for many in ethnic communities. 

The health impact of decreased calcium intake in ethnic populations has been well 
documented. A diet that consists of three or more consumptions of dairy foods per day 
is usually adequate.9 Less than half of African Americans eat one or more servings of 
dairy foods daily.2 A study of 168 Asian and Asian American college students indicated 
that the majority consumed low amounts of daily calcium and did not take supplements 
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nor know how much they should take.10 A survey of 405 Latina women diagnosed with 
lactose intolerance indicated that more than half were unsure of what foods caused 
discomfort, and 12% removed dairy completely from their diet.11 Children of all 
ethnic groups are influenced by their parental choices and their own perceived 
milk intolerance.12 

A major barrier to adequate daily calcium intake is lactose intolerance. This term refers 
to the occurrence of gastrointestinal symptoms resulting from the incomplete digestion 
of lactose, a carbohydrate. It is caused by a shortage of the enzyme, lactase. There are 
three basic types: 

a.	 Primary lactose intolerance is the most common form and is genetically 
determined. Symptoms do not usually become apparent until late adolescence 
or early adulthood. 

b.	 Secondary lactose intolerance occurs as a result of disease, surgery, 
radiation, or medications. Lactase activity is restored when the underlying 
condition resolves. 

c.	 Congenital lactose intolerance, a lifelong complete absence of lactase, is a 
rare condition.2 

The prevalence of lactose intolerance in U.S. populations varies. Within the United 
States, 80–90% of African Americans, 95–100% of Native Americans, 80–90% of Asian 
Americans, and 50–55% of Latinos may be lactose intolerant.2 Globally, it is estimated 
that lactose nonpersistence may affect up to 70% of the world’s population.9 It is 
important to note the difference between lactose maldigestion (incomplete lactose 
digestion secondary to low levels of lactase) versus lactose intolerance (symptoms of 
bloating, cramping, and diarrhea that may or may not occur with undigested lactose in 
the intestinal tract).13 Clinical tests should be performed to establish a definitive 
diagnosis, as opposed to allowing patients to self-diagnose. 

Confusion, public awareness campaigns, and misperceptions about lactose intolerance 
continue to contribute to nutrient deficiencies and can worsen lactose intolerance and 
affect underconsumption of dairy foods within families. There is a potential benefit of 
healthcare providers having the capacity to implement individualized approaches to the 
treatment of lactose intolerance. A successful healthcare outcome, in addition to an 
accurate diagnosis and actionable treatment option, also requires an understanding of 
the psychological factors in lactose intolerance. The American public also needs to 
understand the health benefit of consuming foods that are high in calcium. 

An underlying food intolerance like a food allergy, irritable bowel syndrome, and lactose 
intolerance may present with a clear constellation of gastrointestinal symptoms as well 
as psychological sequelae. Undiagnosed individuals with gastrointestinal complaints 
may present with somatization preoccupation14 and psychological dysfunction (i.e., 
depression, anxiety, and quality of life impairment.15 A recent survey of more than 400 
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African American women reported that 75% of them were self-diagnosed, and almost 
one-third had not contacted a healthcare provider to confirm the diagnosis.16 The social 
impact was significant, as almost two-thirds reported feeling inconvienced by the 
diagnosis and worried about symptoms occurring during social events. Latina women 
had similar concerns and were unsure about what foods caused discomfort. In both 
groups, almost 12% totally removed dairy foods from their dietary regimen. Asian 
populations also had inadequate knowledge about calcium intake and minimal contact 
with healthcare providers.10 

The role of physicians and health professionals to make the right diagnosis, discuss 
treatment and food options, as well as provide psychosocial education and support is 
critical. It has been widely reported that ―public awareness and misunderstandings of 
lactose intolerance are at an all-time high.‖3 Children who have a perceived milk 
intolerance will self-impose a milk restriction, starting as early as age 10.12 These early 
attitudes can affect bone mineral growth in adolescents who restrict calcium intake. As 
in adults, lactose maldigestion in adolescents does not equal lactose intolerance.12 

Individuals who self-diagnose are at risk for unnecessary dietary restrictions, expense, 
possible nutritional shortcomings, and a failure to treat other causes.3 Patients 
also should be aware that a diagnosis does not predict the occurrence of symptoms 
of intolerance. 

Effective disease management of lactose intolerance includes an understanding of the 
psychological burden for the patient and the role and need of the clinician to be aware 
of psychological challenges that may impact an individual and his/her family’s quality of 
life, adherence and compliance, and dietary intake of calcium. 

Psychological strategies must be implemented after a correct diagnosis has been made 
of lactose intolerance.13 An awareness of the patient’s psychosocial factors (i.e., 
attitudes and knowledge, social norms, and perceived control) can determine the use of 
healthcare facilities in a timely manner.17 Patient knowledge can have a direct impact on 
action. Self-efficacy, or the perception of an individual of his or her own ability to 
perform an action to achieve a desired outcome, is a powerful determinant of health 
behaviors and outcomes.18 Shared decision-making in healthcare decisions can honor 
the patient by respecting his or her choices, culture, social context, and specific 
needs.19,20 The acceptance by patients of their own physical state by practicing 
mindfulness and acceptance can improve outcomes by promoting openness and 
exploring thoughts and feelings. Providers can encourage patients to self-monitor their 
mental and physical state by providing them with the tools of self-awareness.21,22 Peer 
support and strong social networks have been associated with changes in fruit and 
vegetable intake, and may be applicable to increasing social support and information for 
lactose-intolerant patients.6 The utilization of technology (i.e., emails, texts, video 
games) and education has been utilized to stimulate dietary change and to promote 
health-related behavior changes.1,23 
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Understanding the patient’s belief about lactose intolerance can inform the provider 
about coping responses that can influence health outcomes. Illness beliefs have five 
aspects: identity (how the patient describes illness), cause, timeline (duration of 
symptoms), consequences (expected outcome and effects of the illness), and perceived 
controllability/self-management.24 Another psychological strategy is to increase capacity 
and confidence in healthcare providers about discussing the role of nutrition, calcium 
intake, and lifestyle risk factors for patients who have lactose intolerance. One study 
taught pharmacists utilizing their own nutritional status. Findings were consistent with an 
increased willingness to talk to healthcare consumers.7,25 
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