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Introduction 

Protein is the major structural component of all cells in the body and functions as enzymes, 
hormones, and other important molecules. Protein is one of the major macronutrients and an 
important source of calories. Both protein and non-protein energy (from carbohydrates and fats) 
must be available to prevent protein-energy malnutrition (PEM). Proteins are made of amino acids 
and if the amino acids are not present in the right balance, the body’s ability to use protein will be 
affected. If amino acids needed for protein synthesis are limited, the body may break down body 
protein to obtain needed amino acids. Protein deficiency affects all organs and is of particular 
concern during growth and development. Adequate intake of high-quality protein is essential for 
health. 

Because average protein intakes in the US are more than adequate, protein was not considered 
as a separate topic by past Dietary Guidelines Advisory Committees. However, the 2010 DGAC 
decided to focus on dietary protein for many important reasons. First, many consumers have 
recently adopted high-protein diets for weight loss purposes and the Committee wanted to evaluate 
the scientific basis of this approach. Secondly, consumer comments addressed the health benefits of 
vegetarian eating styles (see Part D. Section 2: The Total Diet: Combining Nutrients, Consuming 

Food) for a discussion of the nutrient adequacy of vegetarian diets). Finally, as Americans decrease 
total calorie intake to combat obesity, the optimal percentage of calories derived from protein in the 
diet may rise. The Committee wanted to review data on the use of high-protein diets and determine 
whether such diets limit other nutrients (see Part D. Section 1: Energy Balance and Weight 

Management for a discussion of the relationship between macronutrient proportion and body 
weight, including the safety aspect of high-protein diets).  

 

Background on Protein 

Nomenclature  
Protein sources vary widely in their nutritional value. The quality of a protein depends on its 

ability to provide the nitrogen and amino acid requirements necessary for growth, maintenance, and 
repair. Protein quality is determined by two factors—digestibility and amino acid profile. Amino 
acids can be divided into categories based on the body’s ability to produce them (Table D4.1). Nine 
cannot be synthesized in the body and are known as indispensable, or essential, amino acids. These 
must be consumed in the diet. The remaining amino acids are either dispensable or conditionally 
indispensable. Five amino acids are dispensable, meaning that they can be produced in the body 
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from other amino acids or nitrogen-containing compounds. An additional six amino acids are 
conditionally indispensable. Under most circumstances, these amino acids can be synthesized in the 
body. However, in certain conditions, the body cannot synthesize adequate amounts to meet 
metabolic needs. Subsequently, a dietary source of the conditionally indispensable amino acids 
becomes necessary (IOM, 2005).  

Table D4.1. Categories of amino acids 

Essential   Conditionally essential Non‐essential 

Histidine  Arginine Alanine

Isoleucine  Cysteine Aspartic acid 

Leucine  Glutamine Asparagine 

Lysine  Glycine Glutamic acid 

Methionine  Proline Serine

Phenylalanine  Tyrosine

Threonine 

Tryptophan 

Valine 

 

The Recommended Dietary Allowance (RDA) for both men and women (19 years and older) is 
0.80 g of good-quality protein per kilogram of body weight per day and is based on careful analyses 
of available nitrogen balance studies (DRI, 2006). Data were insufficient to set a Tolerable Upper 
Intake Level (UL) for protein or amino acids. RDAs for protein increase at certain times during the 
lifespan. For example, protein RDAs for children are higher on a gram per bodyweight basis than 
for adults:  ages 1 to 3 years, 1.05 g/kg/day; ages 4 to 13 years, 0.95 g/kg/day; ages 14 to 18 years, 
0.85 g/kg/day. RDAs for protein also are increased in pregnancy (1.1 g/kg/day) and lactation (1.3 
g/kg/day). 

The IOM-established Acceptable Macronutrient Distribution Range (AMDR) for protein is 5 to 
20 percent of total calories for children ages 1 to 3 years, 10 to 30 percent of total calories for 
children ages 4 to 18 years, and 10 to 35 percent of total calories for adults older than age 18 years 
(IOM, 2002/2005). For men and women, protein typically provides about 15 percent of total 
calories (NCI, 2010).  

  As calorie intake decreases, however, it is essential to increase the percentage of calories from 
protein so as to consume the RDA for protein. Thus, the wide recommended range of 10 to 35 
percent of total calories coming from protein for adults is based on the large range of calories 
consumed, which depends on physical activity and body size. For example, low-calorie, protein-
sparing, modified fast diets contain mostly protein as it is necessary to get the RDA for protein. In 
contrast, extremely active people, such as endurance athletes, consume high-calorie diets and their 
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RDA for protein does not change. A lower percentage of energy from protein is therefore 
appropriate for them and these additional calories would typically come from carbohydrates. 

The data are conflicting on the potential for high-protein diets to produce gastrointestinal 
effects, change nitrogen balance, alter mineral absorption, or affect chronic diseases, such as 
osteoporosis or renal stones.  

Food allergies exist for protein foods including milk, eggs, peanuts, tree nuts, soy, fish and 
shellfish (DRI, 2002).  Gluten-free diets are recommended for those with gluten intolerance, which 
limits intake of wheat and certain other grain products. Lactose intolerance, although not medically 
diagnosed, can limit consumption of dairy products. Care must be taken to determine the cause of 
the intolerance to a food product (for example, is the individual sensitive to the sugar in milk or the 
protein in milk) and make appropriate dietary changes. Often, children allergic to one protein source 
develop allergies to other protein sources. Many protein sources, including milk, wheat, or soy, must 
be avoided as a result. As protein allergies can be very severe, careful food selection is essential. If 
high-quality protein sources cannot be consumed in the diet, other options for high-quality protein 
sources must be explored. (See Part D. Section 8. Food Safety and Technology.) 

 

Food Sources of Proteins 
Diets adequate in protein can be designed in many ways and are reflected in eating patterns 

around the world. Since the adults (19 years and older) RDA for protein is 0.8 g/kg body weight, a 
150-pound adult would require 54 grams of high quality protein daily. Three ounces (the 
recommended serving size) of lean meat or poultry contain about 25 grams of protein, while 1 cup 
of milk or yogurt contains 8 grams of protein. Cereals, grains, nuts, and vegetables contain about 2 
grams of protein per serving. When protein needs are high, as during growth and development, 
consumption of animal products will provide both greater quantity and quality of protein than plant 
products. Plant products can be combined to improve protein quality, but the number of calories 
that must be consumed to get adequate intakes must be considered. 

Thus, proteins are the most important macronutrient in the diet because they provide both 
essential amino acids and are a source of energy. They are particularly important during growth and 
development.  
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List of Questions  

ANIMAL AND PLANT PROTEINS AND HEALTH OUTCOMES 

1. What is the relationship between the intake of animal protein products and selected health 
outcomes? 

2. What is the relationship between vegetable protein and/or soy protein and selected health 
outcomes? 

3. How do the health outcomes of a vegetarian diet compare to that of a diet which customarily 
includes animal products? 

 

PROTEIN-RELATED FOOD GROUPS AND HEALTH OUTCOMES 

4. What is the relationship between the intake of milk and milk products and selected health 
outcomes?  

5. What is the relationship between the intake of cooked dry beans and peas and selected health 
outcomes? 

 

Methodology   

For the first time, the 2010 DGAC included a chapter focusing solely on the relationship 
between protein and health. Most of the questions addressed here cover new topics. The Committee 
reviewed evidence from January 2000 to 2009. Because the 2005 DGAC reviewed the topic of milk 
and milk products, the 2010 Committee agreed with those recommendations and provided here only 
an updated review of evidence from June 2004 to 2009.  

All of the questions addressed in this section were answered using a NEL evidence-based 
systematic review. A description of the NEL evidence-based review process can be found in Part C: 

Methodology. For each question considered in this section, the following general criteria applied. 
With minor exceptions noted below, all study designs were originally included in the searches, but 
cross-sectional studies were later excluded from the review if there was sufficient evidence from 
studies with stronger designs. Also original research articles included in systematic reviews or meta-
analyses were not included as individual articles in the review, so as not to count the study twice. 
Finally, the Committee excluded studies that considered only participants diagnosed with chronic 
disease, hyperlipidemia, hypertension, and related health conditions. Additional information about 
the NEL search strategies and criteria used to review each question can be found online at 
www.nutritionevidencelibrary.com/.  
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Recent literature has begun to examine the relationship between protein and health outcomes. 
The Committee addressed this topic in three separate questions: animal protein products, vegetable 
protein, and vegetarian versus animal-based diets. Question 1 considers animal protein products, 
including red meat, processed meat, and poultry. Although milk and milk products are sources of 
animal protein, their relationship to selected health outcomes is addressed separately in Question 4. 
Seafood, another source of animal protein, is discussed in detail in Part D. Section 3. Fatty Acids 

and Cholesterol and in Part D. Section 8. Food Safety and Technology. The health outcomes 
considered in Question 1 were type 2 diabetes (T2D), cardiovascular disease (CVD), hypertension, 
body weight, and cancer. For many sections of this Report, the relationship between dietary intakes 
and cancer outcomes are discussed using conclusions from the World Cancer Research 
Fund/American Institute for Cancer Research report (WCRF/AICR, 2007). The WCRF/AICR 
report examined the relationship between meat and numerous types of cancer in a thorough review 
of the literature of various study designs with humans and animals. However, some controversy has 
surrounded the WCRF/AICR conclusions for red meat and colorectal cancer. Thus, the Committee 
decided to conduct a review parallel to other reviews in this Report and included only prospective 
cohort studies with humans published since 2000. In addition to colorectal cancer, prostate and 
breast cancers were reviewed.  

Question 2 concerns the relationship of vegetable protein and selected health outcomes and 
was conducted to complement the Committee’s review of animal protein products. Because much 
of the research on vegetable protein has focused on soy protein, soy protein was included in the 
search as a separate term. However, articles examining soy foods, rather than soy protein specifically 
were considered under the Committee’s review of cooked dry beans and peas (Question 5). The 
Committee considered a variety of health outcomes in the vegetable protein search, but available 
evidence was sufficient to permit only a review of chronic disease, blood pressure, blood lipids, and 
body weight.  

Question 3 considers research that directly compares health outcomes among individuals 
consuming a diet which customarily includes animal products to those consuming a vegetarian, 
including vegan, diet. The Committee recognized that additional research on this topic was 
published before 2000, but felt research published since 2000 represented the current plant-based 
dietary patterns and provided sufficient context to discuss the relationship between these dietary 
patterns and health. For an in-depth discussion of the relationship between various dietary patterns 
and health outcomes, see Part D. Section 2: The Total Diet: Combining Nutrients, Consuming 

Food. 

As noted, Questions 4 and 5 address specific food groups. Milk and milk products and cooked 
dry beans and peas are significant protein sources in the American diet, and they also are important 
sources of other nutrients. Additional information about other nutrient contributions of these food 
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groups can be found in Part D. Section 2: Nutrient Adequacy. It should be noted that the 
Committee considered only studies that directly assessed the relationship between food group intake 
and health; studies examining dietary patterns that were high in a particular food group were 
considered as dietary patterns, not under reviews for the individual food groups. The review of milk 
and milk products considered bone health, cardiovascular outcomes, metabolic syndrome, T2D, and 
body weight. All the evidence reviews covered children and adults, except for body weight, which 
included only adults. The relationship between the consumption of milk and milk products and 
childhood adiposity is discussed in Part D. Section 1: Energy Balance and Weight Management. 
Outcomes considered in the review of cooked dry beans and peas were body weight, CVD, and 
T2D. Although “legumes” includes dry beans and peas as well as peanuts, peanuts were not 
considered in this question but are a part of the review of nuts in Part D. Section 3: Fatty Acids and 

Cholesterol.    

 

ANIMAL AND PLANT PROTEINS AND HEALTH OUTCOMES 

Question 1. What is the Relationship between the Intake of Animal 
Protein Products and Selected Health Outcomes?  

Conclusion 

Limited evidence from prospective cohort studies show inconsistent relationships between intake of 
animal protein products and CVD with somewhat more positive evidence for processed meats and 
CHD. Moderate evidence found no clear association between intake of animal protein products and 
blood pressure in prospective cohort studies. Limited inconsistent evidence from prospective cohort 
studies suggests that intake of animal protein products, mainly processed meat, may have a link to 
type 2 diabetes. Insufficient evidence is available to link animal protein intake and body weight. 
Moderate evidence reports inconsistent positive associations between colorectal cancer and the 
intake of certain animal protein products, mainly red and processed meat. Limited evidence shows 
that animal protein products are associated with prostate cancer incidence. Limited evidence from 
cohort studies shows there is no association between the intake of animal protein products and 
overall breast cancer risk. However in subgroups of breast cancer patients, limited evidence 
suggested a relationship between the intake of animal protein products and risk of developing breast 
cancer. 
 
Implications 

Americans may choose animal products as part of their diet based on the body of evidence showing 
a general lack of relationship between animal protein consumption and selected health outcomes. 
However, attention should be given to quantity and preparation, as some forms of meat (well done 
and processed) may be linked to specific cancers. In addition, animal protein products contain 
saturated fat and proportionately, a high calorie load, so serving sizes should be appropriate.  
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Review of the Evidence 

Intake of animal protein products shows few links to negative health outcomes in 
epidemiologic studies. Most people consume protein from both animal and plant sources, making 
separation of protein intake into animal and plant sources difficult in epidemiologic studies. The 
WCRF/AICR report (WRCF/AICR, 2007) examined the relationship between meat, poultry, and 
eggs and a variety of different cancers including colorectal, prostate, and breast. They concluded that 
the evidence that red meats and processed meats are causally related to colorectal cancer is 
convincing. Additionally, they found that limited evidence suggests that processed meat is causally 
related to  prostate cancer, and there was limited suggestive evidence that foods containing animal 
fat are associated with postmenopausal breast cancer.  

In a systematic review and meta-analysis published subsequent to our review, Micha et al. 
(2010) examined the association between the consumption of red and processed meat and the risk 
of incident CHD and T2D. They found that intake of red meat was not associated with CHD or 
T2D. However, processed meat was associated with a 42% higher risk of CHD and 19% higher risk 
of T2D. Associations for total meat intake and these outcomes were intermediate.  

The review provided below summarizes the evidence from literature published since 2000 
related to animal protein products, specifically total meat, red meat, processed meat, poultry, and 
eggs, acknowledging the wide variation in how types of meat and meat products were grouped and 
analyzed.  

 

Animal Protein Products and Cardiovascular Disease  
Prospective cohort studies show inconsistent relationships between intake of animal protein 

products and cardiovascular disease. The evidence review for this question included seven articles 
(Djousse, 2008; Halton, 2006; Keleman, 2005; Nakamura, 2004; Nakamura, 2006; Qureshi, 2007; 
Sinha, 2009), which represented prospective cohorts from the US and Japan published since 2000. 
Regarding the relationship between the intake of total animal protein and coronary heart disease, no 
relationship was observed in the Nurses’ Health Study (Halton, 2006) or Iowa Women’s Health 
Study (Keleman, 2005). However, a positive association between red meat and processed meat and 
CVD mortality was observed in the National Institutes of Health-AARP (NIH-AARP) Diet and 
Health Study (Sinha, 2009), and substituting red/processed meat (combined) for carbohydrate-dense 
foods was positively associated with coronary heart disease (CHD) mortality in the Iowa Women’s 
Health Study (Keleman, 2005). Studies found no association between egg intake and CVD (Djousse, 
2008; Nakamura, 2006; Nakamura, 2004; Qureshi, 2007). Thus, limited information is available on 
this relationship, and risk may depend on type of meat or meat products consumed and the type of 
CVD. 
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Animal Protein Products, Blood Pressure, and Hypertension  
No clear association was found between intake of animal protein products and blood pressure 

in prospective cohort studies. This conclusion is based on the review of six articles (Alonso, 2006; 
Miura, 2004; Steffen, 2005; Wagemakers, 2009; Wang, 2008b; Wang, 2008c) representing 
prospective cohorts from the US, United Kingdom, and Spain published since 2000. No relationship 
between intake of animal protein and hypertension was observed in the Seguimiento Universidad de 
Navarra (SUN) cohort in Spain (Alonso, 2006). Similarly, no association between intake of animal 
protein and systolic or diastolic blood pressure was observed in the PREMIER Study (Wang, 
2008b), and no association between the intake of red or processed meat and systolic or diastolic 
blood pressure was observed in a cohort in the United Kingdom (Wagemakers, 2009).  

In contrast, in the Women’s Health Study (Wang, 2008c), total red meat intake was positively 
associated with risk of developing hypertension. In addition, each individual unprocessed and 
processed red meat item, including hot dogs, hamburgers, and bacon, beef or lamb as a main dish 
were positively associated with the risk of developing hypertension. Similarly, the CARDIA study 
(Steffen, 2005) found a positive association between consumption of total meat and red and 
processed meat (combined) and risk of developing elevated blood pressure. The Chicago Western 
Electric Study also showed a positive association between systolic and diastolic blood pressure and 
red meat, but observed no association with processed meat.  

Differences in dietary assessment methodology likely affected the results in this review. 
Assessment methods included 24-hour recalls, 5-day diaries, diet histories, interviews, and food 
frequency questionnaires. Studies that used 24-hour recalls (Wang, 2008b) and 5-day diaries 
(Wagemakers, 2009) observed no associations between animal protein products and systolic or 
diastolic blood pressure. 

 

Animal Protein Products and Body Weight  
Few studies exist to link animal protein products and body weight. After applying our review 

criteria, only three articles (Mahon, 2007; Wagemakers, 2009; Xu, 2007) published since 2000 were 
identified that examined the relationship between animal protein products and body weight. 
Inconsistent findings were reported in a cohort of British adults (Wagemakers, 2009) on whether 
meat intake was associated with body mass index (BMI) and waist circumference who were studied 
between 1989 and 1999. Red and processed meat consumed in 1999 was significantly associated 
with increased BMI in women only. In a cross-sectional study in China (Xu, 2007), red meat 
consumption was associated with excess body weight. In the only US study found (Mahon, 2007), 
overweight postmenopausal women were successful in weight loss with either a meat-containing or 
vegetarian protein intervention. Thus, existing research is sparse and finds little link between meat 
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intake and body weight, and meat-containing diets work as well as calorie controlled vegetarian diets 
in enhancing weight loss in intervention studies. 

 

Animal Protein Products and Type 2 Diabetes  
Prospective cohort studies suggest that intake of animal protein products, mainly processed 

meat, may have a link to T2D, although results are not consistent. This review included seven 
articles (Djousse, 2009; Fung, 2004; Halton, 2008; Schulze, 2003; Song, 2004; van Dam, 2002; Vang, 
2008) published since 2000 representing prospective cohorts from the US. In the three studies 
examining total animal protein intake, two reported a positive association with T2D (Song, 2004; 
Vang, 2008) and one reported no association (Halton, 2008). All five studies that reported on the 
relationship between the intake of processed meats and T2D reported a positive association (Fung, 
2004; Schulze, 2003; Song, 2004; van Dam, 2002; Vang, 2008). Inconsistent findings were reported 
related to the intake of red meat and poultry. Some of the reported risk found in these studies may 
be attributed to obesity or weight gain, but controlling for this supported meat intake as an 
important risk factor for diabetes. Other dietary factors, such cereal fiber, fat, and total calories, also 
are strong in this relationship and the association between T2D and animal protein is attenuated 
when there is adjustment for these factors.  

 

Animal Protein Products and Colorectal Cancer  
Inconsistent positive associations have been reported between colorectal cancer and the intake 

of certain animal protein products, mainly red and processed meat. This review included 13 studies 
(Chao, 2005; Cross, 2007; English, 2004; Flood, 2003; Jarvinen, 2001; Kojima, 2004; Larsson, 2005; 
Lee, 2009b; Norat, 2005; Oba, 2006; Sato, 2006; Wei, 2004; Wu, 2006) representing prospective 
cohorts from the US, Europe, Australia, Finland, Japan, China, and Sweden published since 2000. In 
studies examining total meat intake, none reported a relationship with overall colorectal cancer risk 
(Flood, 2003; Jarvinen, 2001; Lee, 2009b; Oba, 2006; Sato, 2006) or risk associated with specific 
subsites (Lee, 2009b; Sato, 2006; Wu, 2006).  

However, more varied results were reported for red and processed meats. For example, in the 
NIH-AARP Diet and Health Study, positive associations between red meat and processed meat and 
colorectal cancer were observed (Cross, 2007). However, no associations were observed between red 
or processed meats and colorectal cancer in the Breast Cancer Detection Demonstration Project 
(Flood, 2003). The European Prospective Investigation into Cancer and Nutrition (EPIC) study 
observed no association between red meat and colorectal cancer, but did observe a positive 
association for processed meat. Further risk may vary depending on subsite. Some studies found a 
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relationship with rectal cancer and red meat intake (Chao, 2005; English, 2004), while others found 
no association (Kojima, 2004; Larsson, 2005; Lee, 2009b; Wei, 2004; Wu, 2006).  

Studies also report inconsistent results for the intake of poultry and colorectal cancer at various 
subsites, with studies reporting a positive association (Jarvinen, 2001; Kojima, 2004; Sato, 2006), no 
association (Flood, 2003; Lee, 2009b; Norat, 2005; Wu, 2006), or an inverse association (Chao, 2005; 
English, 2004; Larsson, 2005). 

In general, the studies showed no consistent findings on type of meat or meat product and 
colorectal cancer. Little information also is available about how much meat is consumed, and the 
association may differ depending on amount as well as the way it is cooked. Further, although it has 
been suggested that animal protein products have a different effect in different sites of the colon and 
rectum, no consistent findings are available. Future studies should consider the subsite of the cancer.  

 

Animal Protein Products and Prostate Cancer  
Little evidence is available that animal protein products are associated with prostate cancer 

incidence. The Committee reviewed six articles (Cross, 2005; Koutros, 2008; Michaud, 2001; Park, 
2007; Rodriguez, 2006; Rohrmann, 2007) examining the relationship between animal protein 
products and incidence of prostate cancer published since 2000. All of the studies represented 
prospective cohorts from the US. Most studies reported no association between total, red, 
processed, or white meat consumption, meat-cooking method and risk of total prostate cancer, 
incident cancer, or advanced disease. However, in the Health Professionals Follow Up Study 
(Michaud, 2001), positive associations between metastatic prostate cancer and red and processed 
meats were observed. Also, in the Cancer Prevention Study (Rodriguez, 2006), red meat (including 
processed red meat) and cooked processed meats were positively associated with prostate cancer in 
Black, but not White, men. Rohrmann and colleagues (2007) reported a positive association between 
the intake of processed meat and total and advanced prostate cancer but did not observe 
relationships between cancer and other animal protein products. 

Mixed results were observed regarding the level of doneness of meat. Well and very well done 
meat were associated with prostate cancer in the Prostate, Lung, and Colorectal and Ovarian 
(PLCO) Screening Trial (Cross, 2005) and the Agricultural Health Study (Koutros, 2008), but level 
of doneness was not related to cancer risk in the Multiethnic Cohort Study (Park, 2007) or Cancer 
Prevention Study (Rodriguez, 2006). Thus, cohort studies of animal protein products and prostate 
cancer since 2000 show little link between total meat intake and prostate cancer although there may 
be a link between processed meat products as well as well done meat and prostate cancer. 

 

 
Report of the DGAC on the Dietary Guidelines for Americans, 2010 
 D4-10



 Part D. Section 4: Protein 

Animal Protein Products and Breast Cancer  
Cohort studies show little association between intake of animal protein products and overall 

breast cancer risk. However, in premenopausal and estrogen receptor positive individuals, meat 
intake may alter risk of certain types of breast cancer. This review included six studies published 
since 2000 (Cho, 2006; Ferrucci, 2009; Fung, 2005; Kabat, 2009; Linos, 2008; Taylor, 2007). Results 
were often reported based on menopausal status (premenopausal or postmenopausal) and/or 
estrogen receptor status (positive or negative). In the Nurses’ Health Study (Cho, 2006), overall, 
there was no association between total meat intake and risk of breast cancer. However, there was a 
positive association for ER (estrogen receptor)+/PR (progesterone receptor)+ breast cancer and no 
association for ER-/PR-. Similarly, they reported positive associations between ER+/PR+ breast 
cancer and individual red and processed meats, but not for ER-/PR-. Ferrucii et al. (2009) found a 
stronger association between red meat intake and ER+/PR+ breast cancer compared to negative 
receptor status in the PLCO Screening Trial.  

In additional analyses from the Nurses’ Health Study, Linos et al. (2008) found a positive 
association between premenopausal breast cancer and red meat, and this relationship was stronger 
among estrogen receptor positive participants. In the UK Women’s Cohort Study (Taylor, 2007), 
positive associations between total meat and premenopausal and postmenopausal breast cancer were 
observed. Non-processed meat also was positively associated with premenopausal breast cancer. 
However, postmenopausal but not premenopausal breast cancer was associated with the intake of 
red meat and processed meat. Thus, results are conflicting and future research should further 
investigate the relationship between the intake of animal protein products and breast cancer 
specifically related to menopausal and receptor status. 

 

Question 2: What is the Relationship between Vegetable Protein 
and/or Soy Protein and Selected Health Outcomes?  

Conclusion   

Few studies are available, and the limited body of evidence suggests that vegetable protein does not 
offer special protection against type 2 diabetes, coronary heart disease, and selected cancers.  
Moderate evidence from both cohort and cross-sectional studies show that intake of vegetable 
protein is generally linked to lower blood pressure. Moderate evidence suggests soy protein may 
have small effects on total and low density lipoprotein cholesterol in adults with normal or elevated 
blood lipids, although results from systematic reviews are inconsistent. A moderate body of 
consistent evidence finds no unique benefit of soy protein on body weight. A limited and 
inconsistent body of evidence shows that soy protein does not provide any unique benefits in blood 
pressure control. 
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Implications 

Our review indicated that intake of vegetable protein is generally linked to lower blood pressure, but 
this could be due to other components in plant foods, such as fiber, or other nutrients. Individual 
sources of vegetable protein have no unique health benefits so choice of plant protein sources can 
come from a wide range of plant-based foods. Consumption of plant proteins of lower quality is 
generally fine as long as calorie needs are met and effort is made to complement the incomplete 
vegetable proteins. Consumption of lower-quality or incomplete protein is of greater concern when 
protein needs are high. Thus, consumption of lower-quality vegetable protein must be carefully 
considered during pregnancy, lactation, and childhood. Additionally, recommendations to lower 
calorie intake to combat obesity by increasing plant-based food intake must be linked to cautionary 
messages to maintain protein total intake of sufficient quality at recommended levels.  
 
 
Review of the Evidence 

Background 
Smit et al. (1999) estimated intakes of animal plant protein intake in US adults, based on the 

Third National Health and Nutrition Examination Survey, 1988–1999. The main protein source in 
the American diet is animal protein (69%). Meat, fish, and poultry protein combined contributed the 
most to animal protein (42%), followed by dairy protein (20%). Grains (18%) contributed the most 
to plant protein consumption. Results found that the percentage of total energy from protein was 
similar among race-ethnicities and between men and women, their sources of protein were different. 
But, typically animal protein provides about 70 percent of the protein in the American diet. 

 In epidemiologic studies, food frequency questionnaires are often used to assess dietary intake 
and protein-rich foods are often divided into vegetable and animal sources. Most people consume 
both types of protein, so this division is often complicated (see Question 3 for a discussion of 
protein and vegan eating patterns). Additionally, sources of vegetable protein are typically also 
associated with intake of dietary fiber and other potentially beneficial phytonutrients, thereby 
confounding true, isolated comparisons of protein type. 

Soy protein has been the focus of much published research. Based on earlier studies reporting 
that large intakes of soy protein (25 g) were required to lower serum lipid in the US, the US Food 
and Drug Administration established a health claim stating that 25 grams per day of soy protein will 
lower serum lipids, including total cholesterol, low-density lipoprotein (LDL) cholesterol, and 
triglycerides without lowering high-density lipoprotein (HDL) cholesterol (FDA approves health 
claim labeling for foods containing soy protein. JADA 2000;100:292). No statement regarding 
isoflavone content or form of soy protein was issued.  

The existing health claim for soy requires that each food contain at least 6.25 g of soy protein, 
based on the need for 25 grams of soy protein to show significant lowering of serum total 
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cholesterol and LDL-cholesterol. Soy foods that meet the 6.25 g level include 4 oz. of whole 
soybeans, 8 oz. of soy milk, 3.5 oz. soy flour, 8 oz. textured soy protein, 4 oz. tofu, and 4 oz. tempeh 
(FDA approves health claim labeling for foods containing soy protein. JADA 2000; 100:292). 

 
Vegetable Protein and Chronic Disease  

Few studies are available, and the limited data collectively suggests that vegetable protein does 
not offer special protection against T2D, coronary heart disease (CHD), and selected cancers. This 
conclusion was based on seven studies, including six prospective cohort studies (Halton, 2006; 
Keleman, 2005; Halton, 2008; Sluijs, 2010; Song, 2004; Lee, 2009a) and one ecological study 
(Nagata, 2000). Five studies addressed vegetable protein (Halton, 2006; Keleman, 2005; Halton, 
2008; Sluijs, 2010; Song, 2004) and two studies focused on soy protein (Lee, 2009a; Nagata, 2000). 
Five of the seven studies only included women (Halton, 2006; Keleman, 2005; Halton, 2008; Song, 
2004; Lee, 2009a).  

Three studies examined the relationship between vegetable protein and CHD. In the Nurses’ 
Health Study, no association was found with vegetable protein intake and risk of CHD (Halton, 
2006). In the Iowa Women’s Health Study, intake of vegetable protein in the highest quintile 
decreased CHD mortality by 30 percent with isocaloric substitution of vegetable protein for 
carbohydrate (Keleman, 2005). An ecological study in Japan found no relationship between the 
intake of soy protein and heart disease mortality (Nagata, 2000).  

Three studies examined the relationship between vegetable protein intake and the risk of T2D. 
No association was found with vegetable protein intake in the Nurses’ Health Study (Halton, 2008), 
Women’ Health Study (Song, 2004), or the Dutch cohort of the EPIC study (Sluijs, 2010). 

 Substituting vegetable protein for carbohydrate or animal protein did not affect risk for cancer 
and was not associated with all-cause mortality in the Iowa Women’s Health Study (Keleman, 2005). 
In the Shanghai Women’s Health Study, vegetable protein was protective against premenopausal but 
not postmenopausal breast cancer, although only soy protein intake was evaluated (Lee, 2009a). 
Small protective effects of soy protein were found in men against stomach cancer in the Japanese 
ecological study (Nagata, 2000). However, intake of soy protein was not associated with breast, 
prostate, or lung cancer mortality in this study, and intake of soy protein increased colorectal cancer 
mortality (Nagata, 2000).  

In summary, few studies have examined the relationship of vegetable protein intake and chronic 
diseases and the results from prospective studies report no relationship to diabetes, most cancers 
and all-cause mortality. Results are inconsistent for CHD. 
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Vegetable Protein and Blood Pressure among Adults without Hypertension  
Intake of vegetable protein is associated with lower blood pressure. This conclusion is based on 

the review of six studies, including four prospective observational and two cross-sectional studies 
(Alonso, 2006; Elliott, 2006; Stamler, 2002; Steffen, 2005; Umesawa, 2009; Wang, 2008b). Alonso et 
al. (2006) reported in the SUN cohort in Spain that vegetable protein intake was associated with less 
hypertension. In the Chicago Western Electric Study, intake of vegetable protein was linked to lower 
systolic and diastolic blood pressure (Stamler, 2002). In the CARDIA study, an inverse relationship 
between the consumption of plant foods and elevated blood pressure was observed (Steffen, 2005). 
In the PREMIER Trial, plant protein had a beneficial effect on blood pressure and was associated 
with a lower risk of hypertension at 6 months, but not at 18 months (Wang, 2008b). Cross-sectional 
studies (Elliott, 2006; Umesawa, 2009) also report lower systolic and diastolic blood pressure links to 
vegetable protein intake.  

 

Soy Protein and Blood Pressure among Adults without Hypertension  
Some data suggest soy protein may lower blood pressure in adults with normal blood pressure. 

This conclusion is based on review of three RCTs (He, 2005; Liao, 2007; Teede, 2002), one 
prospective cohort study (Yang, 2005), and one cross-sectional study (Pan, 2008) published since 
2000. All studies were published outside of the US. He et al. (2005) and Teede et al. (2002) 
conducted RCTs that included 40 g of soy protein consumed per day over 3 months. In both 
studies, participants receiving soy protein supplementation experienced a significant decrease in 
systolic blood pressure and diastolic blood pressure compared to the control groups. Liao et al. 
(2007) did not observe significant changes in systolic blood pressure or diastolic blood pressure 
among participants consuming soy protein as the only protein source versus a control diet with 
animal and plant protein for 8 weeks. The groups consumed an isocaloric diet providing 1200 kcal 
per day. 

In the Shanghai Women’s Health Study, systolic blood pressure and diastolic blood pressure 
were lower in women who consumed 25 g or more of soy protein per day than in women 
consuming less 2.5 g per day (Yang, 2005). In cross-sectional analyses of the Nutrition and Health of 
Aging Population Project in China, soy protein intake and elevated blood pressure were inversely 
associated in men, but not women (Pan, 2008); median soy protein in quartile 1 and quartile 4 of this 
study were 3 g per day and 16 g per day, respectively. Thus, while data suggest that vegetable protein 
plays a role in blood pressure, the data specifically for soy protein are limited and inconsistent. Soy 
protein does not appear to have any unique benefits in blood pressure control. 
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Soy Protein and Body Weight  
Soy protein had no advantage over other proteins when consumed in isocaloric studies  on 

body weight as  based on one systematic review (Cope, 2008) and three primary citations (Liao, 
2007; McVeigh, 2006; Pan, 2008). Cope et al. (2008) completed a systematic review including 91 
international references with data from in vitro, animal, epidemiologic, and clinical studies evaluating 
the relationship between soy foods, including soy protein, and weight loss. The authors reported 
that studies with overweight and obese individuals suggest that soy, as a source of dietary protein, 
may be used to achieve significant weight loss. However, there is no convincing evidence to show 
whether soy protein is better than other protein sources to achieve weight loss when prescribed in 
isocaloric levels.  

Three additional studies identified in the NEL review support the conclusion by Cope et al. 
(2008). No differences in weight loss were found when a soy diet was compared to a traditional low-
calorie diet (McVeigh, 2006). Pan et al. (2008) examined the effect of soy protein on risk of 
metabolic syndrome in a cross-sectional study of older Chinese individuals and found no differences 
in body weight. Liao et al. (2007) conducted a randomized, controlled trial with obese adults, 
examining the effect of soy protein on weight loss in obese adults and found no effect. Thus, studies 
consistently find no unique benefit of soy protein with weight loss.  

 

Soy Protein and Blood Lipids among Adults without Hyperlipidemia  
Soy protein may have small effects on total and LDL-cholesterol in adults with normal or 

elevated blood lipids, although systematic reviews report inconsistent results. This conclusion is 
based on four meta-analyses (Harland, 2008; Reynolds, 2006; Weggemans, 2003; Zhan, 2005) and 
consideration of an additional randomized, controlled trial (Liao, 2007) and a cross-sectional study 
(Pan, 2008). Results from the meta-analyses are somewhat inconsistent. Harland et al. (2008) 
concluded that 25 grams of soy protein lowered total cholesterol, LDL cholesterol, and triglycerides, 
with no change in HDL-cholesterol in adults without hyperlipidemia. Reynolds et al. (2006) 
suggested that soy protein supplementation (20 to >61 g/d) lowered total cholesterol, LDL-
cholesterol, triglycerides, and actually increases HDL cholesterol. Zhan et al. (2005) concluded that 
soy protein with isoflavones lowered total cholesterol, LDL-cholesterol, triglycerides and had no 
effect on HDL-cholesterol. In contrast, Weggemans et al. (2003) reported that soy-associated 
isoflavones and soy protein have no effect on either LDL-cholesterol or HDL-cholesterol. 
However, unlike others, this review compared soy protein with isoflavones only with studies in 
which control groups consumed dairy or other animal protein sources. The role of isoflavones in 
lowering lipids is discussed in many of these reviews, but it remains unclear whether the protein in 
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soy-associated substances (isoflavones, other phytonutrients or substitution for animal protein) 
cause lipid lowering. 

Liao et al. (2007) reported a significant decrease in total cholesterol and LDL cholesterol in 
their weight loss study with soy protein, but no changes in triglycerides or HDL cholesterol were 
observed. A cross-sectional study in China (Pan, 2008) found no relationship between soy protein 
intake and elevated triglycerides. Overall, conclusions suggest that soy protein may have small effects 
on total and LDL cholesterol in adults with normal or elevated blood lipids but neither the etiology 
nor the potential importance of isoflavones in this relationship have been clarified. 

 

Question 3:  How Do the Health Outcomes of a Vegetarian Diet 
Compare to that of a Diet which Customarily Includes Animal 
Products? 

Conclusion 

Limited evidence is available documenting that vegetarian diets protect against cancer. However, it 
suggests that vegetarian, including vegan, diets are associated with lower BMI and blood pressure. 
Vegan diets may increase risk of osteoporotic fractures. The effect of vegetarian diets on 
cardiovascular disease, stroke, and mortality are discussed further in Part B. Section 2: The Total Diet: 
Combining Nutrients, Consuming Food. 
 
Implications 

Most people consume diets containing both animal and plant foods. Few studies exist on the 
nutritional or health status of vegetarians and/or vegans. Individuals who restrict their diet to plant 
foods may be at risk of not getting adequate amounts of certain indispensable amino acids because 
the concentration of lysine, sulfur amino acids, and threonine are sometimes lower in plant than in 
animal food proteins. Nutrients of concern on vegan diets include calcium, iron, B12, zinc, and long-
chain n-3 fatty acids. Vegetarian diets that include complementary mixtures of plant proteins can 
provide the same quality of protein as that from animal protein. Education is needed for those 
designing diets containing complementary proteins for consumers switching to a more plant-based 
diet. Additionally, individuals consuming vegetarian, particularly vegan, diets should ensure adequate 
intake of all nutrients.  
 
 
Review of the Evidence 

Background 
The nitrogen requirement for adults eating high-quality plant food proteins is not significantly 

different than animal protein or protein from a mixed diet. Most consumers eat protein from a 
variety of sources and few cohort studies include enough vegetarians or vegans to draw any 
conclusions. Also, many self-described vegetarians consume milk products or eggs or even consume 
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processed foods that contain animal protein. Thus, there is limited accurate data to answer questions 
about health differences between vegetarians and non-vegetarians. 

In general, plant proteins are less digestible than animal proteins, but digestibility can be 
improved with certain processing methods and food preparation techniques. Vegetarians typically 
consume less protein than non-vegetarians and Hadded et al. (1999) found that 10 of 25 vegan 
women had potentially inadequate intakes.  

Most available evidence relates to the nutritional content and health effects of the average diet 
of well-educated vegetarians living in Western countries (Key, 2006). Vegetarian diets are rich in 
carbohydrate s, n-6 fatty acids, dietary fiber, carotenoids, folic acid, vitamin C, vitamin E, and 
magnesium and relatively low in protein, saturated fat, n-3 fatty acids, vitamin B12, and zinc. Vegans 
have particularly low intakes of vitamin B12, iron and calcium. Most data find little differences in 
major causes of death or all-cause mortality when comparing vegetarians with non-vegetarians from 
the same population (Key, 2006b). Animal protein intake was linked to greater muscle mass index in 
a Finnish study (Aubertin-Leheudre & Adlercreutz, 2009) and there is concern about protein intake 
during growth and development. Nutrients of concern on vegan diets include calcium, iron, B12, 
zinc, and long-chain n-3 fatty acids. Because some vegetarian diets are low in protein, calcium, and 
other nutrients, research has examined the relationship between plant-based diets and bone health. It 
is possible to consume complementary plant proteins and have an adequate intake of protein, but 
education is needed on how to design adequate diets.  

We examined studies published since January 2000 with no limits to study design to address 
these questions. Few cohort studies were available and there were no randomized, controlled trials. 
A limitation of this area is the small number of vegans and semi-vegetarians in the cohorts studied. 
For a more in-depth discussion of vegetarian and vegan eating patterns, including review of articles 
published before 2000 and using additional search strategies, see Part B. Section 2: The Total Diet: 

Combining Nutrients, Consuming Food. 

 

Health Outcomes of a Vegetarian Diet Compared to a Diet which Customarily Includes 
Animal Products  

Eighteen studies published since 2000 were reviewed that represented eight countries 
(Alewaeters, 2005; Appleby, 2002; Appleby, 2007; Baines, 2007; Chen, 2008; Dos Santos Silva, 2002; 
Grant, 2008; Hung, 2006; Key, 2009a; Key, 2009b; Newby, 2005; Nakamoto, 2008; Rosell, 2006; 
Spencer, 2003; Teixeira, 2007; Thorpe, 2008; Wang, 2008d; Yen, 2008). Most studies in this review 
were of a weaker design, including cross-sectional and case-control studies. Only five articles were 
prospective cohort studies and no RCTs were identified. Six articles provided results from the EPIC 
study from the United Kingdom, and four studies were conducted in Taiwan. Other countries 
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represented were the US, Australia, Japan, Sweden, Belgium, and Brazil. Vegetarian diets varied 
greatly among countries, and classifications of plant-based diets were inconsistent among studies. 
However, all studies compared the health outcomes observed between individuals who regularly 
consumed animal products to those who occasionally, rarely, or never consumed animal products.  

In the EPIC cohort, vegetarian, particularly vegan, diets were associated with lower BMI and 
lower levels of obesity than diets that included meat (Spencer, 2003). Similar results were found in 
the Swedish Mammography Cohort (Newby, 2005). Rosell et al. (2006) reported on 5-year changes 
in weight in the EPIC cohort by dividing participants into groups based on their eating patterns. 
Specifically, they examined whether participants maintained the same diet (e.g., vegan) over time, or 
reverted from a vegan or vegetarian diet to a diet containing meat, or converted from eating meat to 
a vegetarian or vegan diet. Among those who had not changed their eating patterns over time, the 
largest weight gain was seen in meat-eaters. The smallest weight gain was observed in participants 
who converted to a vegetarian or vegan diet, and the highest weight gains were among participants 
classified as reverted, but mean weight gains were not different than weight gains in meat eaters.  

Meat eaters had the highest prevalence of hypertension and vegans the lowest in the EPIC 
cohort (Appleby, 2002), and vegetarians had lower blood pressure than omnivores in small studies in 
Taiwan (Chen, 2008) and Brazil (Teixeira, 2007). Studies from Taiwan and Brazil also showed 
improvement in cardiovascular biomarkers, such as total cholesterol, between individuals consuming 
vegetarian compared to omnivorous diets (Chen, 2008; Teixeira, 2007; Yen, 2008).  

Vegans were found to have a higher risk of fractures than vegetarians and meat eaters in the 
EPIC cohort, which was related to the lower mean calcium intake in this group (Appleby, 2007). 
However, those on a vegetarian diet in Taiwan did not differ from non-vegetarians in bone mineral 
density or risk of osteoporosis (Wang, 2008d). In a review of women from the Adventist Health 
Study (Thorpe, 2008), greater intake of foods rich in protein, whether from animal or plant sources, 
was associated with reduced wrist fractures.  

Data on cancer are inconsistent with one recent study finding more colorectal cancer in 
vegetarians compared to meat eaters (Key, 2009a). However, the risk of female breast, prostate, 
ovarian, and lung cancer were not significantly different between vegetarians and non-vegetarians.  

Overall, Key and colleagues (2009b) found no differences in mortality rates between vegetarians 
and non-vegetarians in the EPIC cohort. 
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PROTEIN-RELATED FOOD GROUPS AND HEALTH OUTCOMES 

Question 4: What is the Relationship Between the Intake of Milk and 
Milk Products and Selected Health Outcomes?  

Conclusion 

Strong evidence demonstrates that intake of milk and milk products provide no unique role in 
weight control. Moderate evidence indicates that the intake of milk and milk products is linked to 
improved bone health in children. Limited evidence suggests a positive relationship between the 
intake of milk and milk products and bone health in adults, but results are inconsistent due to 
variability in outcomes considered. Moderate evidence shows that intake of milk and milk products 
are inversely associated with cardiovascular disease. A moderate body of evidence suggests an 
inverse relationship between the intake of milk and milk products and blood pressure. Moderate 
evidence shows that milk and milk products are associated with a lower incidence of type 2 diabetes 
in adults. Limited evidence is available showing intake of milk and milk products are associated with 
reduced risk of metabolic syndrome. Insufficient evidence is available to assess the relationship 
between intake of milk and milk products and serum cholesterol levels. 
 
Implications 

Currently, many children and adults are not consuming adequate amounts of milk and milk 
products. NHANES 2005-2006 reported that the mean consumption of calcium does not meet the 
recommended Dietary Reference Intakes for any age group older than age 12. Research since 2004 
shows that the under-consumption of milk and milk products may lead to an increase in 
cardiovascular disease and type 2 diabetes, as well as an increased risk for poor bone health and 
related diseases.  
 
Consumption of the recommended daily amounts of  low-fat or fat-free milk and milk products (2 
cups for children ages 2 to 8 years, 3 cups for those ages 9 years and older) should be promoted. It is 
especially important to establish milk drinking in young children, as those who consume milk as 
children are more likely to do so as adults. Those who choose not to consume milk and milk 
products should include other foods in the diet that contain the nutrients provided by the milk and 
milk products group, protein, calcium, potassium, magnesium, Vitamin D, and Vitamin A. 
 

Review of the Evidence 

Background 
In addition to providing protein, milk and milk products are a source of many important 

nutrients, including calcium, potassium, magnesium, vitamin D, and vitamin A (DGAC, 2005; p. 
183). This topic is further discussed in Part D. 2 Nutrient Adequacy. Previous research, as reviewed 
by the 2005 DGAC, has established the positive relationship between milk and milk products and 
bone mineral content or bone mineral density. Also milk product consumption has been linked with 
overall diet quality and the adequacy of many nutrients (DGAC, 2005, p. 183).  
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Calcium maintains the strength and density of the bones, with 99 percent of the calcium in the 
body found in bones and teeth. Bone undergoes constant remodeling, a process in which existing 
bone is broken down and replaced with new bone. Without sufficient calcium in the diet, there is 
inadequate formation of new bone, resulting in osteoporosis or other bone disease. (IOM, 1997)  
When dietary intake of calcium is too low, the body will draw upon the calcium stored in the bones 
which can lead to low bone mass. 

Some of the most bioavailable sources of calcium are in milk and milk products. Calcium also is 
found in dark green vegetables, whole grains, beans and soy protein, but it is not as well absorbed 
due to the oxalic or phytic acid found in these foods. Other foods may be fortified with calcium and 
numerous calcium supplements are available. However, calcium naturally occurring in foods is the 
recommended source. Absorption of calcium varies based on a number of factors, such as the 
amount consumed at any one time, the age of the individual, and other foods consumed including 
dietary fiber, phytic acid, and oxalic acid. Calcium status is also affected by the intake of vitamin D, 
phosphorus, and protein. Vitamin D is especially important in the absorption of calcium.  

Dietary guidance has recommended reduction in dairy fats because of they contain high levels 
of saturated fats and cholesterol. In general, studies show that the higher the saturated fat intake is, 
the higher the serum total and LDL-cholesterol concentrations will be. Serum total and LDL-
cholesterol concentrations have a positive linear relationship with the risk of CHD or mortality from 
CHD. Fat-free dairy products are devoid of saturated fats, but still contain protein, calcium, and the 
other nutrients found in milk products.  

The WCRF/AICR report (WCRF/AICR, 2007) examined the relationship between milk and 
dairy products and the risk of cancer. The WCRF/AICR Panel concluded that milk probably 
protects against colorectal cancer, and limited evidence suggests that milk protects against bladder 
cancer. There is limited evidence suggesting that high consumption of milk and dairy products is a 
cause of prostate cancer.  

The relationship between milk intake and weight management was reviewed in 2005 and it was 
reported that there was insufficient data to conclude that milk and milk products have an impact on 
weight. However the importance of milk and milk products in the diet was emphasized. The review 
provided below provides an update to the literature reviewed by the 2005 DGAC, focusing on 
studies published since 2004 that have examined milk and milk products and their impact alone on 
health outcomes. 

 
Milk and Milk Products and Bone Health  

Research since 2004 indicates that the intake of milk and milk products is linked to improved 
bone health in children. Results in adults are mixed. The conclusion reached for this question is 
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based on a review of three systematic reviews or meta-analyses (Alvarez-Leon, 2006; Huncharek, 
2008; Kanis, 2005), three primary research studies conducted since the reviews (Budek, 2007; 
Kristensen, 2005; McCabe, 2004), one longitudinal study (Rockell, 2005), one case-control study 
(Konstantynowicz, 2007), and one cross-sectional study (Al-Zahrani, 2006), all published since 2004.  

The results of the systematic reviews and meta-analyses are inconsistent when children and 
adults are considered together. In a meta-analysis focused on children, Huncharek et al. (2008) 
examined the relationship between dairy and calcium intake and bone mineral content. Their review 
of 21 studies concluded that increased dairy/calcium intake, with or without vitamin D 
supplementation, results in significantly higher total body and lumbar spine bone mineral content 
among children with low baseline intakes of dairy, calcium, and/or vitamin D.  In a small, short-
term study among prepubertal boys consuming equal amounts of protein, Budek et al. (2007) found 
that a high intake of milk, but not meat, decreased bone turnover. However, the relevance of 
reduced turnover for peak bone mass is unclear. 

A longitudinal study conducted in New Zealand (Rockell, 2005), assessed 2-year changes in 
bone and body composition in young children with a history of prolonged milk avoidance. The 
authors concluded that young milk avoiders demonstrated persistent height reduction, overweight, 
and osteopenia at the ultradistal radius and lumbar spine over 2 years of follow-up. 

Alvarez-Leon et al. (2006) reviewed literature on the associations between the consumption of 
dairy products and health outcomes, including two review papers on bone health. They concluded 
that there is weak evidence of the protective capacity of dairy products on bone health, noting that 
limitations in studies examining this relationship make it difficult to make firm conclusions about the 
effect of dairy products on bone health.  

Kanis et al. (2005) reviewed six prospectively studied cohorts from European, Australian and 
Canadian research. They examined calcium intake, measured by milk consumption, and its 
association with the risk of fracture. They found no significant relationship between low intake of 
calcium and fracture risk. This study did not include other sources of dietary calcium besides milk 
and did not account for variations in vitamin D intake or sunlight exposure. Therefore, the authors 
caution that these findings should not be misinterpreted as suggesting that calcium is not causally 
related to fracture risk nor that calcium does not play a role in fracture prevention. 

Results from three intervention studies supported the role of dairy products in bone health. 
McCabe et al. (2004) found that calcium supplementation protected study participants from bone 
loss and that higher dairy product consumption was associated with greater hip bone mineral density 
in men, but not in women. In a small study of Caucasian males who replaced milk with cola 
beverages in their diet for 10 days, Kristensen et al. (2005) concluded that replacement of cola for 
milk results in a low calcium intake, which may negatively affect bone health. 
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In summary, these reviews support that calcium and milk and milk products play an important 
role in bone mineral content in children. Results from adult trials are mixed.  

 
Milk and Milk Products and Cardiovascular Disease  

Recent studies report that intake of milk and milk products are protective against cardiovascular 
disease. The conclusion reached for this question is based on review of two systematic 
reviews/meta-analyses (Alvarez-Leon, 2006; Elwood, 2008) and one case-control study 
(Kontogianni, 2006). 

Alvarez-Leon et al. (2006) systematically reviewed papers on the associations between 
consumption of dairy products and health outcomes, including CVD. The systematic review of 
these papers found an inverse association between the intake of dairy products and stroke. 

Elwood et al. (2008) performed a systematic review and meta-analysis to investigate the 
literature on milk and dairy consumption and risk of vascular disease. The final review included 15 
prospective studies on ischemic heart disease and stroke and 4 case-control studies on myocardial 
infarction. The data showed a reduction in risk associated with the highest level of milk 
consumption for myocardial infarction. There was also a reduction of about 10 to 15 percent in the 
incidence of ischemic heart disease and a 20 percent reduction in stroke events in the individuals 
who had reported drinking the most milk, relative to those drinking the least milk within each 
cohort. The authors concluded that the data provides support for the beneficial effects of milk and 
dairy consumption on risk for cardiovascular disease.  

Finally, in a case-control study, Kontogianni et al. (2006) examined the association between 
dairy consumption and the prevalence of a first, non-fatal event of an acute coronary syndrome in 
Greek adults. They reported an inverse relationship between dairy product consumption and the 
odds of having acute coronary syndrome. An increase of one portion of a dairy product per week 
was associated with a 12 percent lower likelihood of having acute coronary syndrome.  

 
Milk and Milk Products and Type 2 Diabetes  

In a recent systematic review with meta-analysis (Elwood, 2008) of four prospective studies on 
diabetes, relative risk for T2D was estimated to be 10 percent lower in people who had a high milk 
intake relative to those with low consumption.  

 
Milk and Milk Products and Metabolic Syndrome  

Intake of milk and milk products is associated with reduced risk of metabolic syndrome and 
may even be protective in certain population groups. The conclusion reached for this question is 
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based on one systematic review with meta-analysis (Elwood, 2008), one prospective cohort study 
(Snijder, 2008), and three cross-sectional studies (Azadbakht, 2005; Beydoun, 2008; Ruidavets, 
2007). 

Elwood et al. (2008) performed a systematic review and meta-analysis and the data showed a 
reduction in risk associated with the highest level of milk consumption for metabolic syndrome 
(RR=0.74; 95% CI: 0.64, 0.84) compared to the risk in those with low consumption.  

Snijder et al. (2008) conducted a prospective cohort study investigating the association between 
dairy consumption and changes in weight and metabolic disturbances. The authors concluded that 
dairy consumption was not associated with changes in metabolic variables in a Dutch elderly 
population. Three cross-sectional studies (Azadbakht, 2005; Beydoun, 2008; Ruidavets, 2007) looked 
at milk and milk product consumption and metabolic syndrome. Azadbakht et al. (2005) found an 
inverse relationship between dairy consumption and metabolic syndrome, and the French study by 
Ruidavets et al. (2007) determined that the intake of dairy products was associated with a lower 
probability of insulin resistance syndrome. No significant associations between whole milk (per 100 
g), low-fat milk (per 100 g), or skim milk (per 100 g) and metabolic syndrome were observed in a 
study of NHANES 1999-2004 data (Beydoun, 2008).  

 

Milk and Milk Products and Blood Cholesterol  
Few studies have been conducted on the relationship between the intake of milk and milk 

products and blood cholesterol, although the high saturated fat content of milk fat would 
theoretically support a positive association with whole milk products. Three articles published since 
2004 were reviewed on this topic:  a randomized trial (Bowen, 2005), a prospective cohort study 
(Snijder, 2008) and a cross-sectional study (Houston, 2008). 

In the dairy product feeding study (Bowen, 2005), intake of milk products was associated with 
reduced blood cholesterol, although this was associated with weight loss in the study. In a study of 
Dutch elderly (Snijder, 2008), baseline dairy consumption was not associated with changes in serum 
lipid levels over 6.4 years. A study of NHANES III data found that in women, more frequent cheese 
consumption was associated with higher HDL-cholesterol and lower LDL-cholesterol (p for trend 
< 0.05), while in men, more frequent cheese consumption was associated with higher BMI, waist 
circumference, HDL-cholesterol, and LDL-cholesterol (p for trend < 0.05). Thus, intake of milk and 
milk products in recent studies did not always show expected increases in total blood cholesterol, 
and  may be linked to increased HDL-cholesterol .  
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Milk and Milk Products and Blood Pressure  
 Based on the current review of research of literature published since 2004, there is little 

evidence that supports an independent relationship between the intake of milk and milk products 
and blood pressure. This conclusion is based on one systematic review (Alvarez-Leon, 2006), one 
RCT (Bowen, 2005), six prospective cohort studies (Alonso, 2005; Engberink, 2009a; Engberink, 
2009b; Snijder, 2008; Toledo, 2009; Wang, 2008a), and five cross-sectional studies (Azadbakht, 2005; 
Beydoun, 2008; Djousse, 2006; Houston, 2008; Ruidavets, 2006).  

The systematic review by Alvarez-Leon et al. (2006) concluded that an inverse association exists 
between the intake of dairy products and hypertension. In the Bowen et al. (2005) RCT, the authors 
determined that weight loss following energy-restricted, high-protein diets is not affected by dietary 
calcium or protein source. Also, weight loss, not dietary calcium, was shown to improve blood 
pressure.  

Results were reviewed from six prospective studies conducted in the Netherlands, Spain and the 
US. In the Women’s Health Study (Wang, 2008a) decreased risk of hypertension was associated with 
low-fat dairy products, calcium and vitamin D. In the SUN cohort in Spain, Alonso et al. (2005) 
reported a 54 percent reduction in hypertension in participants with the highest consumption of 
low-fat dairy products compared to those with the lowest consumption, and they found no 
association between whole-fat dairy or total calcium intake and incident hypertension. Likewise, the 
Toledo et al. (2009) study in Spain found no significant relationship between high-fat dairy and 
blood pressure, but blood pressure was significantly lower among the highest consumers of low-fat 
dairy products.  

In general, studies from the Netherlands did not show as strong a relationship between the 
intake of milk and milk products and blood pressure. Engberink et al. (2009a) followed more than 
20,000 participants for 5 years in the Netherlands and concluded that dairy intake has little effect on 
population blood pressure. Snijder et al. (2008) concluded that dairy consumption was not 
associated with changes in metabolic variables in their study with a Dutch elderly population. 
Engberink et al. (2009b) followed older Dutch participants for 6 years, and they concluded that low-
fat dairy may be related to hypertension prevention, but high-fat dairy and cheese did not show the 
same effect.  

 Five cross-sectional studies (Azadbakht, 2005; Beydoun, 2008; Djousse, 2006; Houston, 2008; 
Ruidavets, 2006)  conducted in Iran, France, and the US also were reviewed, and all showed some 
positive impact of milk and milk product consumption on blood pressure, although the results were 
not consistent for all population groups. Using data from NHANES 1999-2004, Beydoun et al. 
(2008) found that among all study participants, and among men in particular, fluid milk was inversely 
related to blood pressure (systolic and diastolic), and yogurt was associated with better systolic blood 
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pressure. In contrast, cheese was positively associated with systolic blood pressure. Using data on 
the intake of cheese from NHANES III, Houston et al. (2008) found that systolic blood pressure 
was not different across categories of cheese consumption, but diastolic blood pressure was higher 
among men in the highest category of cheese consumption compared to non-consumers. In a cross-
sectional analysis of almost 5,000 participants from the National Heart, Lung, and Blood Institute 
Family Heart Study, there was an inverse association between dairy intake and the prevalence of 
hypertension that was independent of calcium intake and seen mainly among participants consuming 
less saturated fat. A cross-sectional analysis of 1,500 participants in Iran (Azadbakht, 2005) showed 
an inverse relationship between dairy consumption and hypertension. Finally, the French study by 
Ruidavets et al. (2006) concluded that the consumption of dairy products may be associated with 
reduced blood pressure.  

Evaluating the research on this topic is complicated by the types of milk products consumed in 
the various studies, potential confounding with calcium intakes from other food sources, and the 
known relationship of blood pressure to weight loss.  

 

Milk and Milk Product Intake and Body Weight  
The Committee reviewed 18 studies conducted since 2004 that examined the link between the 

intake of milk and milk products and body weight and concluded that evidence supporting the 
hypothesis of a relationship between intake of milk and milk products and decreased body weight is 
not convincing. This conclusion is based on one systematic review (Lanou, 2008), one RCT (Bowen, 
2005), four prospective cohort studies (Rajpathak, 2006; Rosell, 2006; Snijder, 2008; Vergnaud, 
2008), and eight cross-sectional studies (Azadbakht, 2005; Beydoun, 2008; Brooks, 2006; Houston, 
2008; Marques-Vidal, 2006; Mirmirin, 2005; Murakami, 2006; O’Neil 2009). The Committee also 
reviewed three studies that looked at energy intake as an outcome (Dove, 2009; Harper, 2007; Hollis, 
2007), and one study (Olsen, 2007) that addressed pregnancy.  

Lanou et al. (2008) reviewed the body of evidence on the effect of dairy product or calcium 
intake, with or without energy restriction, on body weight or adiposity. Of the 49 randomized 
clinical trials reviewed, 42 found no effect on weight of dairy or calcium consumption, and only 4 
trials showed a potential effect of dairy products or calcium on weight loss. Of the 16 clinical trials, 
15 showed no difference in body fat change between consumers of high and low levels of dairy or 
calcium. One study found greater fat loss among high-dairy consumers compared to low-dairy 
consumers. Overall, their review does not support a connection between dairy or calcium 
consumption and weight or fat loss. 

In the Bowen et al. (2005) RCT, the effects on weight, body composition, metabolic 
parameters, and risk markers of two isocaloric, energy-restricted high-protein diets that differed in 

 
Report of the DGAC on the Dietary Guidelines for Americans, 2010 
 D4-25



 Part D. Section 4: Protein 

dietary calcium and protein source on weight loss and body composition in healthy, overweight 
adults were compared. The authors concluded that weight loss following energy-restricted, high 
protein diets is not affected by dietary calcium or protein source.  

The following four prospective cohort studies did not strongly support the hypothesis that 
increasing milk and milk products would result in a decrease in weight. Rajpathak et al. (2006) 
evaluated the association between calcium and dairy intakes and 12-year weight change among men 
in the US. Their results indicate that increasing calcium or dairy consumption is not associated with 
lower long-term weight gain in men. Rosell et al. (2006) examined the association between changes 
in dairy product consumption and self-reported weight change over 9 years among women. They 
concluded that the association between the intake of dairy products and weight gain differed 
according to the type of dairy product and the body weight status at baseline. Snijder et al. (2008) 
investigated the association between dairy consumption and 6.4-year changes in weight and 
metabolic disturbances in an elderly Dutch population. They concluded that higher dairy 
consumption does not protect against weight gain and the development of metabolic disturbances 
over time. Vergnaud et al. (2008) investigated the relationship between dairy consumption and 
calcium intake with 6-year changes in body weight and waist circumference in a French population. 
The authors concluded that sex, overweight status at baseline, and type of dairy product influences 
the associations between dairy product consumption and anthropometric changes. Eight cross-
sectional studies (Azadbakht, 2005; Beydoun, 2008; Brooks, 2006; Houston, 2008; Marques-Vidal, 
2006; Mirmirin, 2005; Murkami, 2006; O’Neil, 2009) were reviewed, and were more likely to support 
that calcium and/or dairy consumption was related to lower BMI.  

Other studies included in the review measured whether consumption of milk or milk products 
was related to energy intake as an outcome. Dove et al. (2009) concluded that consumption of skim 
milk, in comparison with a fruit drink, leads to increased perceptions of satiety and to decreased 
energy intake at a subsequent meal. Harper et al. (2007) conducted a randomized cross-over design 
study to compare the effect on appetite and energy intake of consuming either a sugar-sweetened 
beverage (cola) or chocolate milk drink. The authors concluded that consuming chocolate milk 
increased subjective ratings of satiety and fullness compared with cola and decreased hunger and 
later consumption of food. However, this enhanced satiety did not translate into differences in ad 
libitum energy intake. Hollis and Mattes (2007) assessed the effect of daily intake of one or three 
portions of dairy foods on energy intake and appetite. The authors concluded that increasing dairy 
consumption from one to three portions each day led to increased energy intake. Thus, dairy foods 
may have some benefit for satiety when compared to fruit drinks, but increased consumption of any 
extra calories (versus substitution), including dairy products, will lead to increased energy intake. 

Olsen et al. (2007) examined whether milk consumption during pregnancy is associated with 
greater infant size at birth in the Danish National Birth Cohort. Milk consumption was inversely 
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associated with the risk of small-for-gestational age birth and directly with both large-for-
gestational age birth and mean birth weight.  

 

Question 5: What is the Relationship between the Intake of Cooked 
Dry Beans and Peas and Selected Health Outcomes?  

Conclusion 

Limited evidence exists to establish a clear relationship between intake of cooked dry beans and peas 
and body weight. There is limited evidence that intake of cooked dry beans and peas lowers serum 
lipids. Limited evidence is available to determine a relationship between the intake of cooked dry 
beans and peas and type 2 diabetes. 
 
Implications 

Legumes and soybeans, including dried beans and peas, are typically recommended foods because of 
their content of dietary fiber, protein, vitamins, and minerals (Mesina, 1999). Because soybeans are 
particularly high in isoflavones, a phytoestrogen, they have been more extensively studied than other 
legumes. Legumes are also promoted as a complementary protein source to grains since legumes are 
low in methionine and grains are low in lysine. Thus, legumes play an important role in vegan diets 
for enhancing protein quality. They may also provide a beneficial contribution to the general 
population in part to increase total vegetable consumption and dietary fiber intake. 
 
 
Review of the Evidence 

Background 
Beans and peas are sources of protein, dietary fiber, minerals, and vitamins. As dietary fiber is 

linked to lower body weight, intake of beans and peas would be expected to also be linked to lower 
body weight. Consumption of dry beans, peas, and lentils is low in the US, with only 8 percent of 
adults consuming dry beans and peas on any one day (Mitchell, 2009), making it difficult to see 
relationships in existing cohorts. Dry beans and peas are concentrated sources of soluble dietary 
fiber, which is known to lower serum lipids. Vegetable protein from legumes has also been found to 
lower serum lipids, and the US has an existing health claim for the ability of soy protein to lower 
serum lipids. Most of the research in the lipid-lowering benefits of soy protein was done in 
hyperlipidemic individuals. 

Unfortunately, few consumers include cooked dry beans and peas in their daily diet, and soy 
products are also not commonly consumed in the US. This makes it difficult to determine the 
protectiveness of intake of cooked dry beans and peas and soy when most prospective cohort 
studies include few participants who are consuming these products. 
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Soluble fibers are thought to slow absorption of carbohydrates and lower the glycemic index of 
foods. In the original studies of glycemic index, intake of legumes was associated with the lowest 
glucose response. Independent of glycemic index and load, cooked dry beans and peas show 
promise for use in control of blood glucose for individuals with T2D. 

We examined studies from January 2000 to present for this review. Overall, our review suggests 
that little evidence is available on the relationship between intake of cooked dry beans and peas and 
health outcomes. 

 
Cooked Dry Beans and Peas and Body Weight  

The few intervention studies on the relationship between intake of cooked dry beans and peas 
(not including soy) and body weight find mixed results. This conclusion is based on the review of 
one meta-analysis (Anderson and Major, 2002), one systematic review (Williams, 2008), four trials 
(Crujeiras, 2007; Pittaway, 2006; Pittaway, 2007; Pittaway, 2008), and one cross-sectional study 
(Papanikolaou, 2008) for beans and peas. Additionally, the Committee reviewed one systematic 
review (Cope, 2008) and one cohort study (Maskarinec, 2008) specifically pertaining to soy foods. 

In a meta-analysis of 11 studies, Anderson and Major (2002) found that the intake of non-soy 
legumes was associated with decreased body weight. In a systematic review examining the role of 
whole grains and legumes in preventing and managing overweight and obesity, Williams et al. (2008) 
concluded that weight loss is achievable with energy-controlled diets high in legumes but felt there 
was insufficient evidence to draw conclusions about the protective effect of legumes on weight. 

Results from feeding trials with beans and peas are mixed, but diet treatments with beans and 
peas are generally no more successful in weight loss than the control or comparison treatment. In 
two randomized crossover trials comparing chickpea- to wheat-supplemented diets, no significant 
differences between dietary interventions was observed (Pittaway, 2006; Pittaway, 2007). In a study 
that included chickpea-supplemented ad libitum, a non-significant decrease in body weight was 
observed during the chickpea phase compared to the control phase (Pittaway, 2008). In a RCT 
comparing hypocaloric diets high in non-soybean legumes to a diet without legumes, both groups 
lost weight with greater weight loss achieved by those consuming legumes. A comparison of bean 
eaters from NHANES 1999-2002 suggest that bean consumers had lower body weights, and waist 
circumferences in comparison to non-consumers (Papanikolaou, 2008).  

In a systematic review of soy foods and weight loss, Cope et al. (2008) concluded that there was 
limited evidence to support the hypothesis that soy foods increase weight loss when fed at isocaloric 
levels or that soy foods affect caloric intake when included as part of a diet. In a cohort study, 
women consuming more soy during adulthood had a lower BMI, but the relation was primarily 
observed for Caucasian and postmenopausal participants (Maskarinec, 2008). 
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 Cooked Dry Beans and Peas and Cardiovascular Outcomes  
Limited evidence exists that dry beans and peas have unique abilities to lower serum lipids; 

most of the lipid lowering seen in studies is related to the soluble fiber content of these products. 
The conclusion reached for this question is based on the review of one meta-analysis (Anderson and 
Major, 2002), five trials (Crujeiras, 2007; Finley, 2007; Pittaway, 2006; Pittaway, 2007; Pittaway, 
2008), two prospective cohort studies (Bazzano, 2001; Steffen, 2005), one case-control study 
(Kabagambe, 2005), and one cross-sectional study (Papanikolaou, 2008). The Committee also 
considered one randomized crossover trial (Welty, 2007), one prospective cohort study (Kokubo, 
2007), and one longitudinal study (Nagata, 2000) regarding soy foods. 

Anderson and Major (2002) quantitatively analyzed changes in serum lipoprotein levels 
resulting from intake of non-soya pulses. The authors concluded that regular consumption of pulses 
may have important protective effects on risk for CVD, including decreases in serum cholesterol, 
LDL-cholesterol, and triacylglyercols and increases in HDL-cholesterol. 

In the intervention studies, dry beans and peas lowered serum lipids as expected based on 
soluble fiber content. In a series of studies including the daily consumption of more than 100 g of 
chickpeas per day for 5 to 12 weeks, Pittaway et al. (2006, 2007, 2008) observed improvements in 
serum total cholesterol and LDL-cholesterol compared to a control diet without legumes. Similar 
improvements in total cholesterol were observed following an 8-week weight loss intervention that 
included non-soybean legumes four days each week, and the decrease in total cholesterol was 
directly correlated with increased fiber intake (Crujeiras, 2007). 

Bazzano et al. (2001) found a strong and independent inverse association between dietary intake 
of legumes and risk of CHD in the Nutrition Examination Survey Epidemiologic Follow-up Study 
(NHEFS), which is a prospective cohort study of the First National Health and Nutrition 
Examination Survey (NHANES I) from 1971 to 1975. Legume consumption four or more times per 
week compared with less than once a week was associated with a 22 percent lower risk of CHD and 
an 11 percent lower risk of CVD. In the Coronary Artery Risk Development in Young Adults 
(CARDIA) Study (Steffen, 2005), tertiles of legume intake were less than 0.1, 0.1 to 0.2, and more 
than 0.2 times per day, supporting extremely low usual intake of legumes. The authors noted that 
limited consumption of legumes and insufficient statistical power precluded definitive conclusions 
from being drawn about the relationship between intake of legumes and elevated blood pressure. 
However, it is unclear whether null findings were due to the lack of association or limited range in 
consumption. In a case-control study in Costa Rica, Kabagambe et al. (2005) observed an inverse 
association between myocardial infarction and the intake of one serving of beans per day (1/3 cup 
of cooked beans) in adjusted analyses. However, no additional benefit was observed with more than 
one serving per day.  
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In more than 12 years of follow-up of the Japan Public Health Center-Based Study Cohort I 
(Kokubo, 2007), investigators saw a decrease in the risk of myocardial infarction, cerebral infarction, 
and CVD mortality among women consuming soy at least five times per week compared to those 
consuming soy zero to two times per week. However, no associations were observed for men. In a 
longitudinal study in Japan, Nagata et al. (2000) also observed an inverse correlation between soy 
product intake and heart disease mortality in women, but not men. 

In a randomized crossover trial in which hypertensive, prehypertensive, and normotensive 
postmenopausal women consumed the Therapeutic Lifestyle Changes (TLC) diet alone or with 1/2 
cup unsalted soy nuts (25 g soy protein) replacing 25 g of non-soy protein, benefits to blood 
pressure and LDL-cholesterol were greater for the hypertensive women than the normotensive 
participants (Welty, 2007). 

 

Cooked Dry Beans And Peas And Type 2 Diabetes Mellitus  
Evidence is insufficient to determine a relationship between dry beans and peas and T2D. Only 

one study was found that measured the relationship between dry beans and peas and T2D. The 
association between the consumption of legume and soy foods and T2D was examined over an 
average follow-up of approximately 5 years in the Shanghai Women’s Health Study (Villegas, 2005). 
Average daily intake of individual food items was combined for the following food groups: total 
legumes and three mutually exclusive groups [soybeans (dried and fresh), peanuts, and other 
legumes]. The median intake of total legumes was 30.5 g/d, for soybeans was 11.0 g/d, for peanuts 
was 0.7 g/d, and for other legumes was 15.5 g/d. Total legume consumption and consumption of 
soybeans and other legumes were each associated with a decrease in risk of T2D. 

 

Chapter Summary 

Proteins are unique because they provide both essential amino acids to build body proteins and 
are a calorie source. Because the RDA of protein for any person is based on their ideal body weight 
(0.8 g protein/kg body weight/day for ages 19 and above), lower-calorie diets require higher 
percentage of protein intake. Protein quality varies greatly and is dependent on the amino acid 
composition of the protein and the digestibility. Animal sources of protein, including meat, fish, 
milk, and egg, are the highest quality proteins. Plant proteins can be combined to form more 
complete proteins if combinations of legumes and grains are consumed. As most Americans 
consume too many calories, the percentage of calories from protein may be higher – up to 35 
percent of calories can come from protein on very low calorie diets. Higher-protein diets tend to 
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assist in initial weight loss, but long term studies of weight loss or maintenance of weight loss find 
no differences among diets lower or higher in protein. 

 

Needs for Future Research 

1. Develop standardized definitions for vegetable proteins and improve assessment methods for 
quantifying vegetable protein intake to help clarify outcomes in epidemiologic studies in this 
area.  

Rationale: Assessing vegetarian eating patterns and their protein content is complex and current 
methodologies do not capture critical variations. Therefore, investigators’ ability to quantify any 
possible association with health benefits is limited. Better standardized definitions and improved 
assessment methods will improve the ability to quantify health benefits associated with 
consumption of vegetable protein.  

 
2. Develop better methods of conducting cohort studies of populations consuming plant-based 

diets compared to animal based diets, including defined classifications of vegetarian and “near 
vegetarian” eating patterns and more specific impacts of dried beans and peas on health.  

Rationale:  Large US cohorts do not include enough vegetarians and vegans to make 
comparisons on health outcomes including weight control and blood pressure. Widespread 
public interest and possible public health impacts of this dietary pattern raise the priority for this 
research. 

3. Conduct studies of potential limitations of plant-based diet for key nutrients, including calcium, 
iron, vitamin B12, and protein quality, especially in children and the elderly. 

Rationale:  These data are needed to determine whether vegan children require dietary 
supplements to attain adequate nutrient status and growth. 

4. Examine the role of dairy products in lipid profiles, especially through intervention trials in 
which all types of dairy products, both low and high fat, are fed. Bioactive components that alter 
serum lipid levels may be contained in milk fat.  

Rationale: Consumption of milk products may not have predictable effect on serum lipids, 
weight control and metabolic syndrome. The ability of dairy consumption to increase HDL 
levels and their effect on weight gain or weight loss and metabolic syndrome is also of 
widespread public health interest and worthy of additional study.  

5. Develop and investigate potential biomarkers for objective assessment of vegetable protein 
intake. 

Rationale:  Few measures of protein status exist in healthy individuals, so it is difficult to 
compare protein status of participants in cohort studies with diverse protein intakes. 

6. Develop better assessment tools to classify vegetarian patterns in epidemiologic studies. 
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Rationale:  No assessment methods are currently available to classify participants into the wide 
range of vegetarian eating patterns. 

7. Conduct randomized controlled trials to answer the question whether intake of dairy products 
alters blood pressure. 

Rationale: Results from prospective studies are inconsistent and suggest that many other 
variables that affect blood pressure, such as weight loss and other nutrients, will make 
associations difficult to determine. 

8. Ensure that prospective cohort studies continue to track the association between intake of dairy 
products and metabolic syndrome.  

Rationale: Evidence to date does not suggest that high fat dairy products are more likely than 
low fat dairy products to induce metabolic syndrome. Whether there are other protective 
compounds in milk products, such as calcium, protein, fatty acids, etc. that provide protection 
requires further research. 
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Introduction


Protein is the major structural component of all cells in the body and functions as enzymes, hormones, and other important molecules. Protein is one of the major macronutrients and an important source of calories. Both protein and non-protein energy (from carbohydrates and fats) must be available to prevent protein-energy malnutrition (PEM). Proteins are made of amino acids and if the amino acids are not present in the right balance, the body’s ability to use protein will be affected. If amino acids needed for protein synthesis are limited, the body may break down body protein to obtain needed amino acids. Protein deficiency affects all organs and is of particular concern during growth and development. Adequate intake of high-quality protein is essential for health.


Because average protein intakes in the US are more than adequate, protein was not considered as a separate topic by past Dietary Guidelines Advisory Committees. However, the 2010 DGAC decided to focus on dietary protein for many important reasons. First, many consumers have recently adopted high-protein diets for weight loss purposes and the Committee wanted to evaluate the scientific basis of this approach. Secondly, consumer comments addressed the health benefits of vegetarian eating styles (see Part D. Section 2: The Total Diet: Combining Nutrients, Consuming Food) for a discussion of the nutrient adequacy of vegetarian diets). Finally, as Americans decrease total calorie intake to combat obesity, the optimal percentage of calories derived from protein in the diet may rise. The Committee wanted to review data on the use of high-protein diets and determine whether such diets limit other nutrients (see Part D. Section 1: Energy Balance and Weight Management for a discussion of the relationship between macronutrient proportion and body weight, including the safety aspect of high-protein diets). 

Background on Protein


Nomenclature 


Protein sources vary widely in their nutritional value. The quality of a protein depends on its ability to provide the nitrogen and amino acid requirements necessary for growth, maintenance, and repair. Protein quality is determined by two factors—digestibility and amino acid profile. Amino acids can be divided into categories based on the body’s ability to produce them (Table D4.1). Nine cannot be synthesized in the body and are known as indispensable, or essential, amino acids. These must be consumed in the diet. The remaining amino acids are either dispensable or conditionally indispensable. Five amino acids are dispensable, meaning that they can be produced in the body from other amino acids or nitrogen-containing compounds. An additional six amino acids are conditionally indispensable. Under most circumstances, these amino acids can be synthesized in the body. However, in certain conditions, the body cannot synthesize adequate amounts to meet metabolic needs. Subsequently, a dietary source of the conditionally indispensable amino acids becomes necessary (IOM, 2005). 


Table D4.1. Categories of amino acids

		Essential 

		Conditionally essential

		Non-essential



		Histidine

		Arginine

		Alanine



		Isoleucine

		Cysteine

		Aspartic acid



		Leucine

		Glutamine

		Asparagine



		Lysine

		Glycine

		Glutamic acid



		Methionine

		Proline

		Serine



		Phenylalanine

		Tyrosine

		



		Threonine

		

		



		Tryptophan

		

		



		Valine

		

		





The Recommended Dietary Allowance (RDA) for both men and women (19 years and older) is 0.80 g of good-quality protein per kilogram of body weight per day and is based on careful analyses of available nitrogen balance studies (DRI, 2006). Data were insufficient to set a Tolerable Upper Intake Level (UL) for protein or amino acids. RDAs for protein increase at certain times during the lifespan. For example, protein RDAs for children are higher on a gram per bodyweight basis than for adults:  ages 1 to 3 years, 1.05 g/kg/day; ages 4 to 13 years, 0.95 g/kg/day; ages 14 to 18 years, 0.85 g/kg/day. RDAs for protein also are increased in pregnancy (1.1 g/kg/day) and lactation (1.3 g/kg/day).

The IOM-established Acceptable Macronutrient Distribution Range (AMDR) for protein is 5 to 20 percent of total calories for children ages 1 to 3 years, 10 to 30 percent of total calories for children ages 4 to 18 years, and 10 to 35 percent of total calories for adults older than age 18 years (IOM, 2002/2005). For men and women, protein typically provides about 15 percent of total calories (NCI, 2010). 


  As calorie intake decreases, however, it is essential to increase the percentage of calories from protein so as to consume the RDA for protein. Thus, the wide recommended range of 10 to 35 percent of total calories coming from protein for adults is based on the large range of calories consumed, which depends on physical activity and body size. For example, low-calorie, protein-sparing, modified fast diets contain mostly protein as it is necessary to get the RDA for protein. In contrast, extremely active people, such as endurance athletes, consume high-calorie diets and their RDA for protein does not change. A lower percentage of energy from protein is therefore appropriate for them and these additional calories would typically come from carbohydrates.


The data are conflicting on the potential for high-protein diets to produce gastrointestinal effects, change nitrogen balance, alter mineral absorption, or affect chronic diseases, such as osteoporosis or renal stones. 


Food allergies exist for protein foods including milk, eggs, peanuts, tree nuts, soy, fish and shellfish (DRI, 2002).  Gluten-free diets are recommended for those with gluten intolerance, which limits intake of wheat and certain other grain products. Lactose intolerance, although not medically diagnosed, can limit consumption of dairy products. Care must be taken to determine the cause of the intolerance to a food product (for example, is the individual sensitive to the sugar in milk or the protein in milk) and make appropriate dietary changes. Often, children allergic to one protein source develop allergies to other protein sources. Many protein sources, including milk, wheat, or soy, must be avoided as a result. As protein allergies can be very severe, careful food selection is essential. If high-quality protein sources cannot be consumed in the diet, other options for high-quality protein sources must be explored. (See Part D. Section 8. Food Safety and Technology.)

Food Sources of Proteins


Diets adequate in protein can be designed in many ways and are reflected in eating patterns around the world. Since the adults (19 years and older) RDA for protein is 0.8 g/kg body weight, a 150-pound adult would require 54 grams of high quality protein daily. Three ounces (the recommended serving size) of lean meat or poultry contain about 25 grams of protein, while 1 cup of milk or yogurt contains 8 grams of protein. Cereals, grains, nuts, and vegetables contain about 2 grams of protein per serving. When protein needs are high, as during growth and development, consumption of animal products will provide both greater quantity and quality of protein than plant products. Plant products can be combined to improve protein quality, but the number of calories that must be consumed to get adequate intakes must be considered.


Thus, proteins are the most important macronutrient in the diet because they provide both essential amino acids and are a source of energy. They are particularly important during growth and development. 

List of Questions 


ANIMAL AND PLANT PROTEINS AND HEALTH OUTCOMES

1. What is the relationship between the intake of animal protein products and selected health outcomes?

2. What is the relationship between vegetable protein and/or soy protein and selected health outcomes?

3. How do the health outcomes of a vegetarian diet compare to that of a diet which customarily includes animal products?


PROTEIN-RELATED FOOD GROUPS AND HEALTH OUTCOMES

4. What is the relationship between the intake of milk and milk products and selected health outcomes? 


5. What is the relationship between the intake of cooked dry beans and peas and selected health outcomes?


Methodology  


For the first time, the 2010 DGAC included a chapter focusing solely on the relationship between protein and health. Most of the questions addressed here cover new topics. The Committee reviewed evidence from January 2000 to 2009. Because the 2005 DGAC reviewed the topic of milk and milk products, the 2010 Committee agreed with those recommendations and provided here only an updated review of evidence from June 2004 to 2009. 


All of the questions addressed in this section were answered using a NEL evidence-based systematic review. A description of the NEL evidence-based review process can be found in Part C: Methodology. For each question considered in this section, the following general criteria applied. With minor exceptions noted below, all study designs were originally included in the searches, but cross-sectional studies were later excluded from the review if there was sufficient evidence from studies with stronger designs. Also original research articles included in systematic reviews or meta-analyses were not included as individual articles in the review, so as not to count the study twice. Finally, the Committee excluded studies that considered only participants diagnosed with chronic disease, hyperlipidemia, hypertension, and related health conditions. Additional information about the NEL search strategies and criteria used to review each question can be found online at www.nutritionevidencelibrary.com/. 


Recent literature has begun to examine the relationship between protein and health outcomes. The Committee addressed this topic in three separate questions: animal protein products, vegetable protein, and vegetarian versus animal-based diets. Question 1 considers animal protein products, including red meat, processed meat, and poultry. Although milk and milk products are sources of animal protein, their relationship to selected health outcomes is addressed separately in Question 4. Seafood, another source of animal protein, is discussed in detail in Part D. Section 3. Fatty Acids and Cholesterol and in Part D. Section 8. Food Safety and Technology. The health outcomes considered in Question 1 were type 2 diabetes (T2D), cardiovascular disease (CVD), hypertension, body weight, and cancer. For many sections of this Report, the relationship between dietary intakes and cancer outcomes are discussed using conclusions from the World Cancer Research Fund/American Institute for Cancer Research report (WCRF/AICR, 2007). The WCRF/AICR report examined the relationship between meat and numerous types of cancer in a thorough review of the literature of various study designs with humans and animals. However, some controversy has surrounded the WCRF/AICR conclusions for red meat and colorectal cancer. Thus, the Committee decided to conduct a review parallel to other reviews in this Report and included only prospective cohort studies with humans published since 2000. In addition to colorectal cancer, prostate and breast cancers were reviewed. 


Question 2 concerns the relationship of vegetable protein and selected health outcomes and was conducted to complement the Committee’s review of animal protein products. Because much of the research on vegetable protein has focused on soy protein, soy protein was included in the search as a separate term. However, articles examining soy foods, rather than soy protein specifically were considered under the Committee’s review of cooked dry beans and peas (Question 5). The Committee considered a variety of health outcomes in the vegetable protein search, but available evidence was sufficient to permit only a review of chronic disease, blood pressure, blood lipids, and body weight. 


Question 3 considers research that directly compares health outcomes among individuals consuming a diet which customarily includes animal products to those consuming a vegetarian, including vegan, diet. The Committee recognized that additional research on this topic was published before 2000, but felt research published since 2000 represented the current plant-based dietary patterns and provided sufficient context to discuss the relationship between these dietary patterns and health. For an in-depth discussion of the relationship between various dietary patterns and health outcomes, see Part D. Section 2: The Total Diet: Combining Nutrients, Consuming Food.

As noted, Questions 4 and 5 address specific food groups. Milk and milk products and cooked dry beans and peas are significant protein sources in the American diet, and they also are important sources of other nutrients. Additional information about other nutrient contributions of these food groups can be found in Part D. Section 2: Nutrient Adequacy. It should be noted that the Committee considered only studies that directly assessed the relationship between food group intake and health; studies examining dietary patterns that were high in a particular food group were considered as dietary patterns, not under reviews for the individual food groups. The review of milk and milk products considered bone health, cardiovascular outcomes, metabolic syndrome, T2D, and body weight. All the evidence reviews covered children and adults, except for body weight, which included only adults. The relationship between the consumption of milk and milk products and childhood adiposity is discussed in Part D. Section 1: Energy Balance and Weight Management. Outcomes considered in the review of cooked dry beans and peas were body weight, CVD, and T2D. Although “legumes” includes dry beans and peas as well as peanuts, peanuts were not considered in this question but are a part of the review of nuts in Part D. Section 3: Fatty Acids and Cholesterol.   


ANIMAL AND PLANT PROTEINS AND HEALTH OUTCOMES

Question 1. What is the Relationship between the Intake of Animal Protein Products and Selected Health Outcomes? 

Conclusion


Limited evidence from prospective cohort studies show inconsistent relationships between intake of animal protein products and CVD with somewhat more positive evidence for processed meats and CHD. Moderate evidence found no clear association between intake of animal protein products and blood pressure in prospective cohort studies. Limited inconsistent evidence from prospective cohort studies suggests that intake of animal protein products, mainly processed meat, may have a link to type 2 diabetes. Insufficient evidence is available to link animal protein intake and body weight. Moderate evidence reports inconsistent positive associations between colorectal cancer and the intake of certain animal protein products, mainly red and processed meat. Limited evidence shows that animal protein products are associated with prostate cancer incidence. Limited evidence from cohort studies shows there is no association between the intake of animal protein products and overall breast cancer risk. However in subgroups of breast cancer patients, limited evidence suggested a relationship between the intake of animal protein products and risk of developing breast cancer.

Implications


Americans may choose animal products as part of their diet based on the body of evidence showing a general lack of relationship between animal protein consumption and selected health outcomes. However, attention should be given to quantity and preparation, as some forms of meat (well done and processed) may be linked to specific cancers. In addition, animal protein products contain saturated fat and proportionately, a high calorie load, so serving sizes should be appropriate. 

Review of the Evidence


Intake of animal protein products shows few links to negative health outcomes in epidemiologic studies. Most people consume protein from both animal and plant sources, making separation of protein intake into animal and plant sources difficult in epidemiologic studies. The WCRF/AICR report (WRCF/AICR, 2007) examined the relationship between meat, poultry, and eggs and a variety of different cancers including colorectal, prostate, and breast. They concluded that the evidence that red meats and processed meats are causally related to colorectal cancer is convincing. Additionally, they found that limited evidence suggests that processed meat is causally related to  prostate cancer, and there was limited suggestive evidence that foods containing animal fat are associated with postmenopausal breast cancer. 

In a systematic review and meta-analysis published subsequent to our review, Micha et al. (2010) examined the association between the consumption of red and processed meat and the risk of incident CHD and T2D. They found that intake of red meat was not associated with CHD or T2D. However, processed meat was associated with a 42% higher risk of CHD and 19% higher risk of T2D. Associations for total meat intake and these outcomes were intermediate. 

The review provided below summarizes the evidence from literature published since 2000 related to animal protein products, specifically total meat, red meat, processed meat, poultry, and eggs, acknowledging the wide variation in how types of meat and meat products were grouped and analyzed. 

Animal Protein Products and Cardiovascular Disease 


Prospective cohort studies show inconsistent relationships between intake of animal protein products and cardiovascular disease. The evidence review for this question included seven articles (Djousse, 2008; Halton, 2006; Keleman, 2005; Nakamura, 2004; Nakamura, 2006; Qureshi, 2007; Sinha, 2009), which represented prospective cohorts from the US and Japan published since 2000. Regarding the relationship between the intake of total animal protein and coronary heart disease, no relationship was observed in the Nurses’ Health Study (Halton, 2006) or Iowa Women’s Health Study (Keleman, 2005). However, a positive association between red meat and processed meat and CVD mortality was observed in the National Institutes of Health-AARP (NIH-AARP) Diet and Health Study (Sinha, 2009), and substituting red/processed meat (combined) for carbohydrate-dense foods was positively associated with coronary heart disease (CHD) mortality in the Iowa Women’s Health Study (Keleman, 2005). Studies found no association between egg intake and CVD (Djousse, 2008; Nakamura, 2006; Nakamura, 2004; Qureshi, 2007). Thus, limited information is available on this relationship, and risk may depend on type of meat or meat products consumed and the type of CVD.

Animal Protein Products, Blood Pressure, and Hypertension 


No clear association was found between intake of animal protein products and blood pressure in prospective cohort studies. This conclusion is based on the review of six articles (Alonso, 2006; Miura, 2004; Steffen, 2005; Wagemakers, 2009; Wang, 2008b; Wang, 2008c) representing prospective cohorts from the US, United Kingdom, and Spain published since 2000. No relationship between intake of animal protein and hypertension was observed in the Seguimiento Universidad de Navarra (SUN) cohort in Spain (Alonso, 2006). Similarly, no association between intake of animal protein and systolic or diastolic blood pressure was observed in the PREMIER Study (Wang, 2008b), and no association between the intake of red or processed meat and systolic or diastolic blood pressure was observed in a cohort in the United Kingdom (Wagemakers, 2009). 


In contrast, in the Women’s Health Study (Wang, 2008c), total red meat intake was positively associated with risk of developing hypertension. In addition, each individual unprocessed and processed red meat item, including hot dogs, hamburgers, and bacon, beef or lamb as a main dish were positively associated with the risk of developing hypertension. Similarly, the CARDIA study (Steffen, 2005) found a positive association between consumption of total meat and red and processed meat (combined) and risk of developing elevated blood pressure. The Chicago Western Electric Study also showed a positive association between systolic and diastolic blood pressure and red meat, but observed no association with processed meat. 


Differences in dietary assessment methodology likely affected the results in this review. Assessment methods included 24-hour recalls, 5-day diaries, diet histories, interviews, and food frequency questionnaires. Studies that used 24-hour recalls (Wang, 2008b) and 5-day diaries (Wagemakers, 2009) observed no associations between animal protein products and systolic or diastolic blood pressure.


Animal Protein Products and Body Weight 


Few studies exist to link animal protein products and body weight. After applying our review criteria, only three articles (Mahon, 2007; Wagemakers, 2009; Xu, 2007) published since 2000 were identified that examined the relationship between animal protein products and body weight. Inconsistent findings were reported in a cohort of British adults (Wagemakers, 2009) on whether meat intake was associated with body mass index (BMI) and waist circumference who were studied between 1989 and 1999. Red and processed meat consumed in 1999 was significantly associated with increased BMI in women only. In a cross-sectional study in China (Xu, 2007), red meat consumption was associated with excess body weight. In the only US study found (Mahon, 2007), overweight postmenopausal women were successful in weight loss with either a meat-containing or vegetarian protein intervention. Thus, existing research is sparse and finds little link between meat intake and body weight, and meat-containing diets work as well as calorie controlled vegetarian diets in enhancing weight loss in intervention studies.


Animal Protein Products and Type 2 Diabetes 


Prospective cohort studies suggest that intake of animal protein products, mainly processed meat, may have a link to T2D, although results are not consistent. This review included seven articles (Djousse, 2009; Fung, 2004; Halton, 2008; Schulze, 2003; Song, 2004; van Dam, 2002; Vang, 2008) published since 2000 representing prospective cohorts from the US. In the three studies examining total animal protein intake, two reported a positive association with T2D (Song, 2004; Vang, 2008) and one reported no association (Halton, 2008). All five studies that reported on the relationship between the intake of processed meats and T2D reported a positive association (Fung, 2004; Schulze, 2003; Song, 2004; van Dam, 2002; Vang, 2008). Inconsistent findings were reported related to the intake of red meat and poultry. Some of the reported risk found in these studies may be attributed to obesity or weight gain, but controlling for this supported meat intake as an important risk factor for diabetes. Other dietary factors, such cereal fiber, fat, and total calories, also are strong in this relationship and the association between T2D and animal protein is attenuated when there is adjustment for these factors. 

Animal Protein Products and Colorectal Cancer 


Inconsistent positive associations have been reported between colorectal cancer and the intake of certain animal protein products, mainly red and processed meat. This review included 13 studies (Chao, 2005; Cross, 2007; English, 2004; Flood, 2003; Jarvinen, 2001; Kojima, 2004; Larsson, 2005; Lee, 2009b; Norat, 2005; Oba, 2006; Sato, 2006; Wei, 2004; Wu, 2006) representing prospective cohorts from the US, Europe, Australia, Finland, Japan, China, and Sweden published since 2000. In studies examining total meat intake, none reported a relationship with overall colorectal cancer risk (Flood, 2003; Jarvinen, 2001; Lee, 2009b; Oba, 2006; Sato, 2006) or risk associated with specific subsites (Lee, 2009b; Sato, 2006; Wu, 2006). 


However, more varied results were reported for red and processed meats. For example, in the NIH-AARP Diet and Health Study, positive associations between red meat and processed meat and colorectal cancer were observed (Cross, 2007). However, no associations were observed between red or processed meats and colorectal cancer in the Breast Cancer Detection Demonstration Project (Flood, 2003). The European Prospective Investigation into Cancer and Nutrition (EPIC) study observed no association between red meat and colorectal cancer, but did observe a positive association for processed meat. Further risk may vary depending on subsite. Some studies found a relationship with rectal cancer and red meat intake (Chao, 2005; English, 2004), while others found no association (Kojima, 2004; Larsson, 2005; Lee, 2009b; Wei, 2004; Wu, 2006). 


Studies also report inconsistent results for the intake of poultry and colorectal cancer at various subsites, with studies reporting a positive association (Jarvinen, 2001; Kojima, 2004; Sato, 2006), no association (Flood, 2003; Lee, 2009b; Norat, 2005; Wu, 2006), or an inverse association (Chao, 2005; English, 2004; Larsson, 2005).


In general, the studies showed no consistent findings on type of meat or meat product and colorectal cancer. Little information also is available about how much meat is consumed, and the association may differ depending on amount as well as the way it is cooked. Further, although it has been suggested that animal protein products have a different effect in different sites of the colon and rectum, no consistent findings are available. Future studies should consider the subsite of the cancer. 

Animal Protein Products and Prostate Cancer 

Little evidence is available that animal protein products are associated with prostate cancer incidence. The Committee reviewed six articles (Cross, 2005; Koutros, 2008; Michaud, 2001; Park, 2007; Rodriguez, 2006; Rohrmann, 2007) examining the relationship between animal protein products and incidence of prostate cancer published since 2000. All of the studies represented prospective cohorts from the US. Most studies reported no association between total, red, processed, or white meat consumption, meat-cooking method and risk of total prostate cancer, incident cancer, or advanced disease. However, in the Health Professionals Follow Up Study (Michaud, 2001), positive associations between metastatic prostate cancer and red and processed meats were observed. Also, in the Cancer Prevention Study (Rodriguez, 2006), red meat (including processed red meat) and cooked processed meats were positively associated with prostate cancer in Black, but not White, men. Rohrmann and colleagues (2007) reported a positive association between the intake of processed meat and total and advanced prostate cancer but did not observe relationships between cancer and other animal protein products.


Mixed results were observed regarding the level of doneness of meat. Well and very well done meat were associated with prostate cancer in the Prostate, Lung, and Colorectal and Ovarian (PLCO) Screening Trial (Cross, 2005) and the Agricultural Health Study (Koutros, 2008), but level of doneness was not related to cancer risk in the Multiethnic Cohort Study (Park, 2007) or Cancer Prevention Study (Rodriguez, 2006). Thus, cohort studies of animal protein products and prostate cancer since 2000 show little link between total meat intake and prostate cancer although there may be a link between processed meat products as well as well done meat and prostate cancer.


Animal Protein Products and Breast Cancer 


Cohort studies show little association between intake of animal protein products and overall breast cancer risk. However, in premenopausal and estrogen receptor positive individuals, meat intake may alter risk of certain types of breast cancer. This review included six studies published since 2000 (Cho, 2006; Ferrucci, 2009; Fung, 2005; Kabat, 2009; Linos, 2008; Taylor, 2007). Results were often reported based on menopausal status (premenopausal or postmenopausal) and/or estrogen receptor status (positive or negative). In the Nurses’ Health Study (Cho, 2006), overall, there was no association between total meat intake and risk of breast cancer. However, there was a positive association for ER (estrogen receptor)+/PR (progesterone receptor)+ breast cancer and no association for ER-/PR-. Similarly, they reported positive associations between ER+/PR+ breast cancer and individual red and processed meats, but not for ER-/PR-. Ferrucii et al. (2009) found a stronger association between red meat intake and ER+/PR+ breast cancer compared to negative receptor status in the PLCO Screening Trial. 


In additional analyses from the Nurses’ Health Study, Linos et al. (2008) found a positive association between premenopausal breast cancer and red meat, and this relationship was stronger among estrogen receptor positive participants. In the UK Women’s Cohort Study (Taylor, 2007), positive associations between total meat and premenopausal and postmenopausal breast cancer were observed. Non-processed meat also was positively associated with premenopausal breast cancer. However, postmenopausal but not premenopausal breast cancer was associated with the intake of red meat and processed meat. Thus, results are conflicting and future research should further investigate the relationship between the intake of animal protein products and breast cancer specifically related to menopausal and receptor status.


Question 2: What is the Relationship between Vegetable Protein and/or Soy Protein and Selected Health Outcomes? 


Conclusion  


Few studies are available, and the limited body of evidence suggests that vegetable protein does not offer special protection against type 2 diabetes, coronary heart disease, and selected cancers. 


Moderate evidence from both cohort and cross-sectional studies show that intake of vegetable protein is generally linked to lower blood pressure. Moderate evidence suggests soy protein may have small effects on total and low density lipoprotein cholesterol in adults with normal or elevated blood lipids, although results from systematic reviews are inconsistent. A moderate body of consistent evidence finds no unique benefit of soy protein on body weight. A limited and inconsistent body of evidence shows that soy protein does not provide any unique benefits in blood pressure control.

Implications


Our review indicated that intake of vegetable protein is generally linked to lower blood pressure, but this could be due to other components in plant foods, such as fiber, or other nutrients. Individual sources of vegetable protein have no unique health benefits so choice of plant protein sources can come from a wide range of plant-based foods. Consumption of plant proteins of lower quality is generally fine as long as calorie needs are met and effort is made to complement the incomplete vegetable proteins. Consumption of lower-quality or incomplete protein is of greater concern when protein needs are high. Thus, consumption of lower-quality vegetable protein must be carefully considered during pregnancy, lactation, and childhood. Additionally, recommendations to lower calorie intake to combat obesity by increasing plant-based food intake must be linked to cautionary messages to maintain protein total intake of sufficient quality at recommended levels. 

Review of the Evidence


Background


Smit et al. (1999) estimated intakes of animal plant protein intake in US adults, based on the Third National Health and Nutrition Examination Survey, 1988–1999. The main protein source in the American diet is animal protein (69%). Meat, fish, and poultry protein combined contributed the most to animal protein (42%), followed by dairy protein (20%). Grains (18%) contributed the most to plant protein consumption. Results found that the percentage of total energy from protein was similar among race-ethnicities and between men and women, their sources of protein were different. But, typically animal protein provides about 70 percent of the protein in the American diet.


 In epidemiologic studies, food frequency questionnaires are often used to assess dietary intake and protein-rich foods are often divided into vegetable and animal sources. Most people consume both types of protein, so this division is often complicated (see Question 3 for a discussion of protein and vegan eating patterns). Additionally, sources of vegetable protein are typically also associated with intake of dietary fiber and other potentially beneficial phytonutrients, thereby confounding true, isolated comparisons of protein type.


Soy protein has been the focus of much published research. Based on earlier studies reporting that large intakes of soy protein (25 g) were required to lower serum lipid in the US, the US Food and Drug Administration established a health claim stating that 25 grams per day of soy protein will lower serum lipids, including total cholesterol, low-density lipoprotein (LDL) cholesterol, and triglycerides without lowering high-density lipoprotein (HDL) cholesterol (FDA approves health claim labeling for foods containing soy protein. JADA 2000;100:292). No statement regarding isoflavone content or form of soy protein was issued. 

The existing health claim for soy requires that each food contain at least 6.25 g of soy protein, based on the need for 25 grams of soy protein to show significant lowering of serum total cholesterol and LDL-cholesterol. Soy foods that meet the 6.25 g level include 4 oz. of whole soybeans, 8 oz. of soy milk, 3.5 oz. soy flour, 8 oz. textured soy protein, 4 oz. tofu, and 4 oz. tempeh (FDA approves health claim labeling for foods containing soy protein. JADA 2000; 100:292).

Vegetable Protein and Chronic Disease 


Few studies are available, and the limited data collectively suggests that vegetable protein does not offer special protection against T2D, coronary heart disease (CHD), and selected cancers. This conclusion was based on seven studies, including six prospective cohort studies (Halton, 2006; Keleman, 2005; Halton, 2008; Sluijs, 2010; Song, 2004; Lee, 2009a) and one ecological study (Nagata, 2000). Five studies addressed vegetable protein (Halton, 2006; Keleman, 2005; Halton, 2008; Sluijs, 2010; Song, 2004) and two studies focused on soy protein (Lee, 2009a; Nagata, 2000). Five of the seven studies only included women (Halton, 2006; Keleman, 2005; Halton, 2008; Song, 2004; Lee, 2009a). 

Three studies examined the relationship between vegetable protein and CHD. In the Nurses’ Health Study, no association was found with vegetable protein intake and risk of CHD (Halton, 2006). In the Iowa Women’s Health Study, intake of vegetable protein in the highest quintile decreased CHD mortality by 30 percent with isocaloric substitution of vegetable protein for carbohydrate (Keleman, 2005). An ecological study in Japan found no relationship between the intake of soy protein and heart disease mortality (Nagata, 2000). 

Three studies examined the relationship between vegetable protein intake and the risk of T2D. No association was found with vegetable protein intake in the Nurses’ Health Study (Halton, 2008), Women’ Health Study (Song, 2004), or the Dutch cohort of the EPIC study (Sluijs, 2010).


 Substituting vegetable protein for carbohydrate or animal protein did not affect risk for cancer and was not associated with all-cause mortality in the Iowa Women’s Health Study (Keleman, 2005). In the Shanghai Women’s Health Study, vegetable protein was protective against premenopausal but not postmenopausal breast cancer, although only soy protein intake was evaluated (Lee, 2009a). Small protective effects of soy protein were found in men against stomach cancer in the Japanese ecological study (Nagata, 2000). However, intake of soy protein was not associated with breast, prostate, or lung cancer mortality in this study, and intake of soy protein increased colorectal cancer mortality (Nagata, 2000). 

In summary, few studies have examined the relationship of vegetable protein intake and chronic diseases and the results from prospective studies report no relationship to diabetes, most cancers and all-cause mortality. Results are inconsistent for CHD.


Vegetable Protein and Blood Pressure among Adults without Hypertension 


Intake of vegetable protein is associated with lower blood pressure. This conclusion is based on the review of six studies, including four prospective observational and two cross-sectional studies (Alonso, 2006; Elliott, 2006; Stamler, 2002; Steffen, 2005; Umesawa, 2009; Wang, 2008b). Alonso et al. (2006) reported in the SUN cohort in Spain that vegetable protein intake was associated with less hypertension. In the Chicago Western Electric Study, intake of vegetable protein was linked to lower systolic and diastolic blood pressure (Stamler, 2002). In the CARDIA study, an inverse relationship between the consumption of plant foods and elevated blood pressure was observed (Steffen, 2005). In the PREMIER Trial, plant protein had a beneficial effect on blood pressure and was associated with a lower risk of hypertension at 6 months, but not at 18 months (Wang, 2008b). Cross-sectional studies (Elliott, 2006; Umesawa, 2009) also report lower systolic and diastolic blood pressure links to vegetable protein intake. 

Soy Protein and Blood Pressure among Adults without Hypertension 


Some data suggest soy protein may lower blood pressure in adults with normal blood pressure. This conclusion is based on review of three RCTs (He, 2005; Liao, 2007; Teede, 2002), one prospective cohort study (Yang, 2005), and one cross-sectional study (Pan, 2008) published since 2000. All studies were published outside of the US. He et al. (2005) and Teede et al. (2002) conducted RCTs that included 40 g of soy protein consumed per day over 3 months. In both studies, participants receiving soy protein supplementation experienced a significant decrease in systolic blood pressure and diastolic blood pressure compared to the control groups. Liao et al. (2007) did not observe significant changes in systolic blood pressure or diastolic blood pressure among participants consuming soy protein as the only protein source versus a control diet with animal and plant protein for 8 weeks. The groups consumed an isocaloric diet providing 1200 kcal per day.


In the Shanghai Women’s Health Study, systolic blood pressure and diastolic blood pressure were lower in women who consumed 25 g or more of soy protein per day than in women consuming less 2.5 g per day (Yang, 2005). In cross-sectional analyses of the Nutrition and Health of Aging Population Project in China, soy protein intake and elevated blood pressure were inversely associated in men, but not women (Pan, 2008); median soy protein in quartile 1 and quartile 4 of this study were 3 g per day and 16 g per day, respectively. Thus, while data suggest that vegetable protein plays a role in blood pressure, the data specifically for soy protein are limited and inconsistent. Soy protein does not appear to have any unique benefits in blood pressure control.


Soy Protein and Body Weight 


Soy protein had no advantage over other proteins when consumed in isocaloric studies  on body weight as  based on one systematic review (Cope, 2008) and three primary citations (Liao, 2007; McVeigh, 2006; Pan, 2008). Cope et al. (2008) completed a systematic review including 91 international references with data from in vitro, animal, epidemiologic, and clinical studies evaluating the relationship between soy foods, including soy protein, and weight loss. The authors reported that studies with overweight and obese individuals suggest that soy, as a source of dietary protein, may be used to achieve significant weight loss. However, there is no convincing evidence to show whether soy protein is better than other protein sources to achieve weight loss when prescribed in isocaloric levels. 


Three additional studies identified in the NEL review support the conclusion by Cope et al. (2008). No differences in weight loss were found when a soy diet was compared to a traditional low-calorie diet (McVeigh, 2006). Pan et al. (2008) examined the effect of soy protein on risk of metabolic syndrome in a cross-sectional study of older Chinese individuals and found no differences in body weight. Liao et al. (2007) conducted a randomized, controlled trial with obese adults, examining the effect of soy protein on weight loss in obese adults and found no effect. Thus, studies consistently find no unique benefit of soy protein with weight loss. 

Soy Protein and Blood Lipids among Adults without Hyperlipidemia 


Soy protein may have small effects on total and LDL-cholesterol in adults with normal or elevated blood lipids, although systematic reviews report inconsistent results. This conclusion is based on four meta-analyses (Harland, 2008; Reynolds, 2006; Weggemans, 2003; Zhan, 2005) and consideration of an additional randomized, controlled trial (Liao, 2007) and a cross-sectional study (Pan, 2008). Results from the meta-analyses are somewhat inconsistent. Harland et al. (2008) concluded that 25 grams of soy protein lowered total cholesterol, LDL cholesterol, and triglycerides, with no change in HDL-cholesterol in adults without hyperlipidemia. Reynolds et al. (2006) suggested that soy protein supplementation (20 to >61 g/d) lowered total cholesterol, LDL-cholesterol, triglycerides, and actually increases HDL cholesterol. Zhan et al. (2005) concluded that soy protein with isoflavones lowered total cholesterol, LDL-cholesterol, triglycerides and had no effect on HDL-cholesterol. In contrast, Weggemans et al. (2003) reported that soy-associated isoflavones and soy protein have no effect on either LDL-cholesterol or HDL-cholesterol. However, unlike others, this review compared soy protein with isoflavones only with studies in which control groups consumed dairy or other animal protein sources. The role of isoflavones in lowering lipids is discussed in many of these reviews, but it remains unclear whether the protein in soy-associated substances (isoflavones, other phytonutrients or substitution for animal protein) cause lipid lowering.


Liao et al. (2007) reported a significant decrease in total cholesterol and LDL cholesterol in their weight loss study with soy protein, but no changes in triglycerides or HDL cholesterol were observed. A cross-sectional study in China (Pan, 2008) found no relationship between soy protein intake and elevated triglycerides. Overall, conclusions suggest that soy protein may have small effects on total and LDL cholesterol in adults with normal or elevated blood lipids but neither the etiology nor the potential importance of isoflavones in this relationship have been clarified.

Question 3:  How Do the Health Outcomes of a Vegetarian Diet Compare to that of a Diet which Customarily Includes Animal Products?

Conclusion


Limited evidence is available documenting that vegetarian diets protect against cancer. However, it suggests that vegetarian, including vegan, diets are associated with lower BMI and blood pressure. Vegan diets may increase risk of osteoporotic fractures. The effect of vegetarian diets on cardiovascular disease, stroke, and mortality are discussed further in Part B. Section 2: The Total Diet: Combining Nutrients, Consuming Food.

Implications


Most people consume diets containing both animal and plant foods. Few studies exist on the nutritional or health status of vegetarians and/or vegans. Individuals who restrict their diet to plant foods may be at risk of not getting adequate amounts of certain indispensable amino acids because the concentration of lysine, sulfur amino acids, and threonine are sometimes lower in plant than in animal food proteins. Nutrients of concern on vegan diets include calcium, iron, B12, zinc, and long-chain n-3 fatty acids. Vegetarian diets that include complementary mixtures of plant proteins can provide the same quality of protein as that from animal protein. Education is needed for those designing diets containing complementary proteins for consumers switching to a more plant-based diet. Additionally, individuals consuming vegetarian, particularly vegan, diets should ensure adequate intake of all nutrients. 

Review of the Evidence


Background


The nitrogen requirement for adults eating high-quality plant food proteins is not significantly different than animal protein or protein from a mixed diet. Most consumers eat protein from a variety of sources and few cohort studies include enough vegetarians or vegans to draw any conclusions. Also, many self-described vegetarians consume milk products or eggs or even consume processed foods that contain animal protein. Thus, there is limited accurate data to answer questions about health differences between vegetarians and non-vegetarians.


In general, plant proteins are less digestible than animal proteins, but digestibility can be improved with certain processing methods and food preparation techniques. Vegetarians typically consume less protein than non-vegetarians and Hadded et al. (1999) found that 10 of 25 vegan women had potentially inadequate intakes. 

Most available evidence relates to the nutritional content and health effects of the average diet of well-educated vegetarians living in Western countries (Key, 2006). Vegetarian diets are rich in carbohydrate s, n-6 fatty acids, dietary fiber, carotenoids, folic acid, vitamin C, vitamin E, and magnesium and relatively low in protein, saturated fat, n-3 fatty acids, vitamin B12, and zinc. Vegans have particularly low intakes of vitamin B12, iron and calcium. Most data find little differences in major causes of death or all-cause mortality when comparing vegetarians with non-vegetarians from the same population (Key, 2006b). Animal protein intake was linked to greater muscle mass index in a Finnish study (Aubertin-Leheudre & Adlercreutz, 2009) and there is concern about protein intake during growth and development. Nutrients of concern on vegan diets include calcium, iron, B12, zinc, and long-chain n-3 fatty acids. Because some vegetarian diets are low in protein, calcium, and other nutrients, research has examined the relationship between plant-based diets and bone health. It is possible to consume complementary plant proteins and have an adequate intake of protein, but education is needed on how to design adequate diets. 

We examined studies published since January 2000 with no limits to study design to address these questions. Few cohort studies were available and there were no randomized, controlled trials. A limitation of this area is the small number of vegans and semi-vegetarians in the cohorts studied. For a more in-depth discussion of vegetarian and vegan eating patterns, including review of articles published before 2000 and using additional search strategies, see Part B. Section 2: The Total Diet: Combining Nutrients, Consuming Food.

Health Outcomes of a Vegetarian Diet Compared to a Diet which Customarily Includes Animal Products 


Eighteen studies published since 2000 were reviewed that represented eight countries (Alewaeters, 2005; Appleby, 2002; Appleby, 2007; Baines, 2007; Chen, 2008; Dos Santos Silva, 2002; Grant, 2008; Hung, 2006; Key, 2009a; Key, 2009b; Newby, 2005; Nakamoto, 2008; Rosell, 2006; Spencer, 2003; Teixeira, 2007; Thorpe, 2008; Wang, 2008d; Yen, 2008). Most studies in this review were of a weaker design, including cross-sectional and case-control studies. Only five articles were prospective cohort studies and no RCTs were identified. Six articles provided results from the EPIC study from the United Kingdom, and four studies were conducted in Taiwan. Other countries represented were the US, Australia, Japan, Sweden, Belgium, and Brazil. Vegetarian diets varied greatly among countries, and classifications of plant-based diets were inconsistent among studies. However, all studies compared the health outcomes observed between individuals who regularly consumed animal products to those who occasionally, rarely, or never consumed animal products. 

In the EPIC cohort, vegetarian, particularly vegan, diets were associated with lower BMI and lower levels of obesity than diets that included meat (Spencer, 2003). Similar results were found in the Swedish Mammography Cohort (Newby, 2005). Rosell et al. (2006) reported on 5-year changes in weight in the EPIC cohort by dividing participants into groups based on their eating patterns. Specifically, they examined whether participants maintained the same diet (e.g., vegan) over time, or reverted from a vegan or vegetarian diet to a diet containing meat, or converted from eating meat to a vegetarian or vegan diet. Among those who had not changed their eating patterns over time, the largest weight gain was seen in meat-eaters. The smallest weight gain was observed in participants who converted to a vegetarian or vegan diet, and the highest weight gains were among participants classified as reverted, but mean weight gains were not different than weight gains in meat eaters. 


Meat eaters had the highest prevalence of hypertension and vegans the lowest in the EPIC cohort (Appleby, 2002), and vegetarians had lower blood pressure than omnivores in small studies in Taiwan (Chen, 2008) and Brazil (Teixeira, 2007). Studies from Taiwan and Brazil also showed improvement in cardiovascular biomarkers, such as total cholesterol, between individuals consuming vegetarian compared to omnivorous diets (Chen, 2008; Teixeira, 2007; Yen, 2008). 

Vegans were found to have a higher risk of fractures than vegetarians and meat eaters in the EPIC cohort, which was related to the lower mean calcium intake in this group (Appleby, 2007). However, those on a vegetarian diet in Taiwan did not differ from non-vegetarians in bone mineral density or risk of osteoporosis (Wang, 2008d). In a review of women from the Adventist Health Study (Thorpe, 2008), greater intake of foods rich in protein, whether from animal or plant sources, was associated with reduced wrist fractures. 

Data on cancer are inconsistent with one recent study finding more colorectal cancer in vegetarians compared to meat eaters (Key, 2009a). However, the risk of female breast, prostate, ovarian, and lung cancer were not significantly different between vegetarians and non-vegetarians. 


Overall, Key and colleagues (2009b) found no differences in mortality rates between vegetarians and non-vegetarians in the EPIC cohort.

PROTEIN-RELATED FOOD GROUPS AND HEALTH OUTCOMES


Question 4: What is the Relationship Between the Intake of Milk and Milk Products and Selected Health Outcomes? 


Conclusion


Strong evidence demonstrates that intake of milk and milk products provide no unique role in weight control. Moderate evidence indicates that the intake of milk and milk products is linked to improved bone health in children. Limited evidence suggests a positive relationship between the intake of milk and milk products and bone health in adults, but results are inconsistent due to variability in outcomes considered. Moderate evidence shows that intake of milk and milk products are inversely associated with cardiovascular disease. A moderate body of evidence suggests an inverse relationship between the intake of milk and milk products and blood pressure. Moderate evidence shows that milk and milk products are associated with a lower incidence of type 2 diabetes in adults. Limited evidence is available showing intake of milk and milk products are associated with reduced risk of metabolic syndrome. Insufficient evidence is available to assess the relationship between intake of milk and milk products and serum cholesterol levels.

Implications


Currently, many children and adults are not consuming adequate amounts of milk and milk products. NHANES 2005-2006 reported that the mean consumption of calcium does not meet the recommended Dietary Reference Intakes for any age group older than age 12. Research since 2004 shows that the under-consumption of milk and milk products may lead to an increase in cardiovascular disease and type 2 diabetes, as well as an increased risk for poor bone health and related diseases. 

Consumption of the recommended daily amounts of  low-fat or fat-free milk and milk products (2 cups for children ages 2 to 8 years, 3 cups for those ages 9 years and older) should be promoted. It is especially important to establish milk drinking in young children, as those who consume milk as children are more likely to do so as adults. Those who choose not to consume milk and milk products should include other foods in the diet that contain the nutrients provided by the milk and milk products group, protein, calcium, potassium, magnesium, Vitamin D, and Vitamin A.

Review of the Evidence


Background


In addition to providing protein, milk and milk products are a source of many important nutrients, including calcium, potassium, magnesium, vitamin D, and vitamin A (DGAC, 2005; p. 183). This topic is further discussed in Part D. 2 Nutrient Adequacy. Previous research, as reviewed by the 2005 DGAC, has established the positive relationship between milk and milk products and bone mineral content or bone mineral density. Also milk product consumption has been linked with overall diet quality and the adequacy of many nutrients (DGAC, 2005, p. 183). 

Calcium maintains the strength and density of the bones, with 99 percent of the calcium in the body found in bones and teeth. Bone undergoes constant remodeling, a process in which existing bone is broken down and replaced with new bone. Without sufficient calcium in the diet, there is inadequate formation of new bone, resulting in osteoporosis or other bone disease. (IOM, 1997)  When dietary intake of calcium is too low, the body will draw upon the calcium stored in the bones which can lead to low bone mass.

Some of the most bioavailable sources of calcium are in milk and milk products. Calcium also is found in dark green vegetables, whole grains, beans and soy protein, but it is not as well absorbed due to the oxalic or phytic acid found in these foods. Other foods may be fortified with calcium and numerous calcium supplements are available. However, calcium naturally occurring in foods is the recommended source. Absorption of calcium varies based on a number of factors, such as the amount consumed at any one time, the age of the individual, and other foods consumed including dietary fiber, phytic acid, and oxalic acid. Calcium status is also affected by the intake of vitamin D, phosphorus, and protein. Vitamin D is especially important in the absorption of calcium. 

Dietary guidance has recommended reduction in dairy fats because of they contain high levels of saturated fats and cholesterol. In general, studies show that the higher the saturated fat intake is, the higher the serum total and LDL-cholesterol concentrations will be. Serum total and LDL-cholesterol concentrations have a positive linear relationship with the risk of CHD or mortality from CHD. Fat-free dairy products are devoid of saturated fats, but still contain protein, calcium, and the other nutrients found in milk products. 

The WCRF/AICR report (WCRF/AICR, 2007) examined the relationship between milk and dairy products and the risk of cancer. The WCRF/AICR Panel concluded that milk probably protects against colorectal cancer, and limited evidence suggests that milk protects against bladder cancer. There is limited evidence suggesting that high consumption of milk and dairy products is a cause of prostate cancer. 

The relationship between milk intake and weight management was reviewed in 2005 and it was reported that there was insufficient data to conclude that milk and milk products have an impact on weight. However the importance of milk and milk products in the diet was emphasized. The review provided below provides an update to the literature reviewed by the 2005 DGAC, focusing on studies published since 2004 that have examined milk and milk products and their impact alone on health outcomes.

Milk and Milk Products and Bone Health 

Research since 2004 indicates that the intake of milk and milk products is linked to improved bone health in children. Results in adults are mixed. The conclusion reached for this question is based on a review of three systematic reviews or meta-analyses (Alvarez-Leon, 2006; Huncharek, 2008; Kanis, 2005), three primary research studies conducted since the reviews (Budek, 2007; Kristensen, 2005; McCabe, 2004), one longitudinal study (Rockell, 2005), one case-control study (Konstantynowicz, 2007), and one cross-sectional study (Al-Zahrani, 2006), all published since 2004. 

The results of the systematic reviews and meta-analyses are inconsistent when children and adults are considered together. In a meta-analysis focused on children, Huncharek et al. (2008) examined the relationship between dairy and calcium intake and bone mineral content. Their review of 21 studies concluded that increased dairy/calcium intake, with or without vitamin D supplementation, results in significantly higher total body and lumbar spine bone mineral content among children with low baseline intakes of dairy, calcium, and/or vitamin D.  In a small, short-term study among prepubertal boys consuming equal amounts of protein, Budek et al. (2007) found that a high intake of milk, but not meat, decreased bone turnover. However, the relevance of reduced turnover for peak bone mass is unclear.


A longitudinal study conducted in New Zealand (Rockell, 2005), assessed 2-year changes in bone and body composition in young children with a history of prolonged milk avoidance. The authors concluded that young milk avoiders demonstrated persistent height reduction, overweight, and osteopenia at the ultradistal radius and lumbar spine over 2 years of follow-up.


Alvarez-Leon et al. (2006) reviewed literature on the associations between the consumption of dairy products and health outcomes, including two review papers on bone health. They concluded that there is weak evidence of the protective capacity of dairy products on bone health, noting that limitations in studies examining this relationship make it difficult to make firm conclusions about the effect of dairy products on bone health. 

Kanis et al. (2005) reviewed six prospectively studied cohorts from European, Australian and Canadian research. They examined calcium intake, measured by milk consumption, and its association with the risk of fracture. They found no significant relationship between low intake of calcium and fracture risk. This study did not include other sources of dietary calcium besides milk and did not account for variations in vitamin D intake or sunlight exposure. Therefore, the authors caution that these findings should not be misinterpreted as suggesting that calcium is not causally related to fracture risk nor that calcium does not play a role in fracture prevention.


Results from three intervention studies supported the role of dairy products in bone health. McCabe et al. (2004) found that calcium supplementation protected study participants from bone loss and that higher dairy product consumption was associated with greater hip bone mineral density in men, but not in women. In a small study of Caucasian males who replaced milk with cola beverages in their diet for 10 days, Kristensen et al. (2005) concluded that replacement of cola for milk results in a low calcium intake, which may negatively affect bone health.

In summary, these reviews support that calcium and milk and milk products play an important role in bone mineral content in children. Results from adult trials are mixed. 

Milk and Milk Products and Cardiovascular Disease 


Recent studies report that intake of milk and milk products are protective against cardiovascular disease. The conclusion reached for this question is based on review of two systematic reviews/meta-analyses (Alvarez-Leon, 2006; Elwood, 2008) and one case-control study (Kontogianni, 2006).


Alvarez-Leon et al. (2006) systematically reviewed papers on the associations between consumption of dairy products and health outcomes, including CVD. The systematic review of these papers found an inverse association between the intake of dairy products and stroke.


Elwood et al. (2008) performed a systematic review and meta-analysis to investigate the literature on milk and dairy consumption and risk of vascular disease. The final review included 15 prospective studies on ischemic heart disease and stroke and 4 case-control studies on myocardial infarction. The data showed a reduction in risk associated with the highest level of milk consumption for myocardial infarction. There was also a reduction of about 10 to 15 percent in the incidence of ischemic heart disease and a 20 percent reduction in stroke events in the individuals who had reported drinking the most milk, relative to those drinking the least milk within each cohort. The authors concluded that the data provides support for the beneficial effects of milk and dairy consumption on risk for cardiovascular disease. 


Finally, in a case-control study, Kontogianni et al. (2006) examined the association between dairy consumption and the prevalence of a first, non-fatal event of an acute coronary syndrome in Greek adults. They reported an inverse relationship between dairy product consumption and the odds of having acute coronary syndrome. An increase of one portion of a dairy product per week was associated with a 12 percent lower likelihood of having acute coronary syndrome. 


Milk and Milk Products and Type 2 Diabetes 


In a recent systematic review with meta-analysis (Elwood, 2008) of four prospective studies on diabetes, relative risk for T2D was estimated to be 10 percent lower in people who had a high milk intake relative to those with low consumption. 

Milk and Milk Products and Metabolic Syndrome 


Intake of milk and milk products is associated with reduced risk of metabolic syndrome and may even be protective in certain population groups. The conclusion reached for this question is based on one systematic review with meta-analysis (Elwood, 2008), one prospective cohort study (Snijder, 2008), and three cross-sectional studies (Azadbakht, 2005; Beydoun, 2008; Ruidavets, 2007).


Elwood et al. (2008) performed a systematic review and meta-analysis and the data showed a reduction in risk associated with the highest level of milk consumption for metabolic syndrome (RR=0.74; 95% CI: 0.64, 0.84) compared to the risk in those with low consumption. 


Snijder et al. (2008) conducted a prospective cohort study investigating the association between dairy consumption and changes in weight and metabolic disturbances. The authors concluded that dairy consumption was not associated with changes in metabolic variables in a Dutch elderly population. Three cross-sectional studies (Azadbakht, 2005; Beydoun, 2008; Ruidavets, 2007) looked at milk and milk product consumption and metabolic syndrome. Azadbakht et al. (2005) found an inverse relationship between dairy consumption and metabolic syndrome, and the French study by Ruidavets et al. (2007) determined that the intake of dairy products was associated with a lower probability of insulin resistance syndrome. No significant associations between whole milk (per 100 g), low-fat milk (per 100 g), or skim milk (per 100 g) and metabolic syndrome were observed in a study of NHANES 1999-2004 data (Beydoun, 2008). 

Milk and Milk Products and Blood Cholesterol 


Few studies have been conducted on the relationship between the intake of milk and milk products and blood cholesterol, although the high saturated fat content of milk fat would theoretically support a positive association with whole milk products. Three articles published since 2004 were reviewed on this topic:  a randomized trial (Bowen, 2005), a prospective cohort study (Snijder, 2008) and a cross-sectional study (Houston, 2008).


In the dairy product feeding study (Bowen, 2005), intake of milk products was associated with reduced blood cholesterol, although this was associated with weight loss in the study. In a study of Dutch elderly (Snijder, 2008), baseline dairy consumption was not associated with changes in serum lipid levels over 6.4 years. A study of NHANES III data found that in women, more frequent cheese consumption was associated with higher HDL-cholesterol and lower LDL-cholesterol (p for trend < 0.05), while in men, more frequent cheese consumption was associated with higher BMI, waist circumference, HDL-cholesterol, and LDL-cholesterol (p for trend < 0.05). Thus, intake of milk and milk products in recent studies did not always show expected increases in total blood cholesterol, and  may be linked to increased HDL-cholesterol . 


Milk and Milk Products and Blood Pressure 


 Based on the current review of research of literature published since 2004, there is little evidence that supports an independent relationship between the intake of milk and milk products and blood pressure. This conclusion is based on one systematic review (Alvarez-Leon, 2006), one RCT (Bowen, 2005), six prospective cohort studies (Alonso, 2005; Engberink, 2009a; Engberink, 2009b; Snijder, 2008; Toledo, 2009; Wang, 2008a), and five cross-sectional studies (Azadbakht, 2005; Beydoun, 2008; Djousse, 2006; Houston, 2008; Ruidavets, 2006). 

The systematic review by Alvarez-Leon et al. (2006) concluded that an inverse association exists between the intake of dairy products and hypertension. In the Bowen et al. (2005) RCT, the authors determined that weight loss following energy-restricted, high-protein diets is not affected by dietary calcium or protein source. Also, weight loss, not dietary calcium, was shown to improve blood pressure. 

Results were reviewed from six prospective studies conducted in the Netherlands, Spain and the US. In the Women’s Health Study (Wang, 2008a) decreased risk of hypertension was associated with low-fat dairy products, calcium and vitamin D. In the SUN cohort in Spain, Alonso et al. (2005) reported a 54 percent reduction in hypertension in participants with the highest consumption of low-fat dairy products compared to those with the lowest consumption, and they found no association between whole-fat dairy or total calcium intake and incident hypertension. Likewise, the Toledo et al. (2009) study in Spain found no significant relationship between high-fat dairy and blood pressure, but blood pressure was significantly lower among the highest consumers of low-fat dairy products. 


In general, studies from the Netherlands did not show as strong a relationship between the intake of milk and milk products and blood pressure. Engberink et al. (2009a) followed more than 20,000 participants for 5 years in the Netherlands and concluded that dairy intake has little effect on population blood pressure. Snijder et al. (2008) concluded that dairy consumption was not associated with changes in metabolic variables in their study with a Dutch elderly population. Engberink et al. (2009b) followed older Dutch participants for 6 years, and they concluded that low-fat dairy may be related to hypertension prevention, but high-fat dairy and cheese did not show the same effect. 

 Five cross-sectional studies (Azadbakht, 2005; Beydoun, 2008; Djousse, 2006; Houston, 2008; Ruidavets, 2006)  conducted in Iran, France, and the US also were reviewed, and all showed some positive impact of milk and milk product consumption on blood pressure, although the results were not consistent for all population groups. Using data from NHANES 1999-2004, Beydoun et al. (2008) found that among all study participants, and among men in particular, fluid milk was inversely related to blood pressure (systolic and diastolic), and yogurt was associated with better systolic blood pressure. In contrast, cheese was positively associated with systolic blood pressure. Using data on the intake of cheese from NHANES III, Houston et al. (2008) found that systolic blood pressure was not different across categories of cheese consumption, but diastolic blood pressure was higher among men in the highest category of cheese consumption compared to non-consumers. In a cross-sectional analysis of almost 5,000 participants from the National Heart, Lung, and Blood Institute Family Heart Study, there was an inverse association between dairy intake and the prevalence of hypertension that was independent of calcium intake and seen mainly among participants consuming less saturated fat. A cross-sectional analysis of 1,500 participants in Iran (Azadbakht, 2005) showed an inverse relationship between dairy consumption and hypertension. Finally, the French study by Ruidavets et al. (2006) concluded that the consumption of dairy products may be associated with reduced blood pressure. 


Evaluating the research on this topic is complicated by the types of milk products consumed in the various studies, potential confounding with calcium intakes from other food sources, and the known relationship of blood pressure to weight loss. 

Milk and Milk Product Intake and Body Weight 


The Committee reviewed 18 studies conducted since 2004 that examined the link between the intake of milk and milk products and body weight and concluded that evidence supporting the hypothesis of a relationship between intake of milk and milk products and decreased body weight is not convincing. This conclusion is based on one systematic review (Lanou, 2008), one RCT (Bowen, 2005), four prospective cohort studies (Rajpathak, 2006; Rosell, 2006; Snijder, 2008; Vergnaud, 2008), and eight cross-sectional studies (Azadbakht, 2005; Beydoun, 2008; Brooks, 2006; Houston, 2008; Marques-Vidal, 2006; Mirmirin, 2005; Murakami, 2006; O’Neil 2009). The Committee also reviewed three studies that looked at energy intake as an outcome (Dove, 2009; Harper, 2007; Hollis, 2007), and one study (Olsen, 2007) that addressed pregnancy. 

Lanou et al. (2008) reviewed the body of evidence on the effect of dairy product or calcium intake, with or without energy restriction, on body weight or adiposity. Of the 49 randomized clinical trials reviewed, 42 found no effect on weight of dairy or calcium consumption, and only 4 trials showed a potential effect of dairy products or calcium on weight loss. Of the 16 clinical trials, 15 showed no difference in body fat change between consumers of high and low levels of dairy or calcium. One study found greater fat loss among high-dairy consumers compared to low-dairy consumers. Overall, their review does not support a connection between dairy or calcium consumption and weight or fat loss.


In the Bowen et al. (2005) RCT, the effects on weight, body composition, metabolic parameters, and risk markers of two isocaloric, energy-restricted high-protein diets that differed in dietary calcium and protein source on weight loss and body composition in healthy, overweight adults were compared. The authors concluded that weight loss following energy-restricted, high protein diets is not affected by dietary calcium or protein source. 


The following four prospective cohort studies did not strongly support the hypothesis that increasing milk and milk products would result in a decrease in weight. Rajpathak et al. (2006) evaluated the association between calcium and dairy intakes and 12-year weight change among men in the US. Their results indicate that increasing calcium or dairy consumption is not associated with lower long-term weight gain in men. Rosell et al. (2006) examined the association between changes in dairy product consumption and self-reported weight change over 9 years among women. They concluded that the association between the intake of dairy products and weight gain differed according to the type of dairy product and the body weight status at baseline. Snijder et al. (2008) investigated the association between dairy consumption and 6.4-year changes in weight and metabolic disturbances in an elderly Dutch population. They concluded that higher dairy consumption does not protect against weight gain and the development of metabolic disturbances over time. Vergnaud et al. (2008) investigated the relationship between dairy consumption and calcium intake with 6-year changes in body weight and waist circumference in a French population. The authors concluded that sex, overweight status at baseline, and type of dairy product influences the associations between dairy product consumption and anthropometric changes. Eight cross-sectional studies (Azadbakht, 2005; Beydoun, 2008; Brooks, 2006; Houston, 2008; Marques-Vidal, 2006; Mirmirin, 2005; Murkami, 2006; O’Neil, 2009) were reviewed, and were more likely to support that calcium and/or dairy consumption was related to lower BMI. 

Other studies included in the review measured whether consumption of milk or milk products was related to energy intake as an outcome. Dove et al. (2009) concluded that consumption of skim milk, in comparison with a fruit drink, leads to increased perceptions of satiety and to decreased energy intake at a subsequent meal. Harper et al. (2007) conducted a randomized cross-over design study to compare the effect on appetite and energy intake of consuming either a sugar-sweetened beverage (cola) or chocolate milk drink. The authors concluded that consuming chocolate milk increased subjective ratings of satiety and fullness compared with cola and decreased hunger and later consumption of food. However, this enhanced satiety did not translate into differences in ad libitum energy intake. Hollis and Mattes (2007) assessed the effect of daily intake of one or three portions of dairy foods on energy intake and appetite. The authors concluded that increasing dairy consumption from one to three portions each day led to increased energy intake. Thus, dairy foods may have some benefit for satiety when compared to fruit drinks, but increased consumption of any extra calories (versus substitution), including dairy products, will lead to increased energy intake.


Olsen et al. (2007) examined whether milk consumption during pregnancy is associated with greater infant size at birth in the Danish National Birth Cohort. Milk consumption was inversely associated with the risk of small-for-gestational age birth and directly with both large-for-gestational age birth and mean birth weight. 


Question 5: What is the Relationship between the Intake of Cooked Dry Beans and Peas and Selected Health Outcomes? 


Conclusion


Limited evidence exists to establish a clear relationship between intake of cooked dry beans and peas and body weight. There is limited evidence that intake of cooked dry beans and peas lowers serum lipids. Limited evidence is available to determine a relationship between the intake of cooked dry beans and peas and type 2 diabetes.

Implications


Legumes and soybeans, including dried beans and peas, are typically recommended foods because of their content of dietary fiber, protein, vitamins, and minerals (Mesina, 1999). Because soybeans are particularly high in isoflavones, a phytoestrogen, they have been more extensively studied than other legumes. Legumes are also promoted as a complementary protein source to grains since legumes are low in methionine and grains are low in lysine. Thus, legumes play an important role in vegan diets for enhancing protein quality. They may also provide a beneficial contribution to the general population in part to increase total vegetable consumption and dietary fiber intake.

Review of the Evidence


Background


Beans and peas are sources of protein, dietary fiber, minerals, and vitamins. As dietary fiber is linked to lower body weight, intake of beans and peas would be expected to also be linked to lower body weight. Consumption of dry beans, peas, and lentils is low in the US, with only 8 percent of adults consuming dry beans and peas on any one day (Mitchell, 2009), making it difficult to see relationships in existing cohorts. Dry beans and peas are concentrated sources of soluble dietary fiber, which is known to lower serum lipids. Vegetable protein from legumes has also been found to lower serum lipids, and the US has an existing health claim for the ability of soy protein to lower serum lipids. Most of the research in the lipid-lowering benefits of soy protein was done in hyperlipidemic individuals.

Unfortunately, few consumers include cooked dry beans and peas in their daily diet, and soy products are also not commonly consumed in the US. This makes it difficult to determine the protectiveness of intake of cooked dry beans and peas and soy when most prospective cohort studies include few participants who are consuming these products.

Soluble fibers are thought to slow absorption of carbohydrates and lower the glycemic index of foods. In the original studies of glycemic index, intake of legumes was associated with the lowest glucose response. Independent of glycemic index and load, cooked dry beans and peas show promise for use in control of blood glucose for individuals with T2D.


We examined studies from January 2000 to present for this review. Overall, our review suggests that little evidence is available on the relationship between intake of cooked dry beans and peas and health outcomes.


Cooked Dry Beans and Peas and Body Weight 


The few intervention studies on the relationship between intake of cooked dry beans and peas (not including soy) and body weight find mixed results. This conclusion is based on the review of one meta-analysis (Anderson and Major, 2002), one systematic review (Williams, 2008), four trials (Crujeiras, 2007; Pittaway, 2006; Pittaway, 2007; Pittaway, 2008), and one cross-sectional study (Papanikolaou, 2008) for beans and peas. Additionally, the Committee reviewed one systematic review (Cope, 2008) and one cohort study (Maskarinec, 2008) specifically pertaining to soy foods.


In a meta-analysis of 11 studies, Anderson and Major (2002) found that the intake of non-soy legumes was associated with decreased body weight. In a systematic review examining the role of whole grains and legumes in preventing and managing overweight and obesity, Williams et al. (2008) concluded that weight loss is achievable with energy-controlled diets high in legumes but felt there was insufficient evidence to draw conclusions about the protective effect of legumes on weight.


Results from feeding trials with beans and peas are mixed, but diet treatments with beans and peas are generally no more successful in weight loss than the control or comparison treatment. In two randomized crossover trials comparing chickpea- to wheat-supplemented diets, no significant differences between dietary interventions was observed (Pittaway, 2006; Pittaway, 2007). In a study that included chickpea-supplemented ad libitum, a non-significant decrease in body weight was observed during the chickpea phase compared to the control phase (Pittaway, 2008). In a RCT comparing hypocaloric diets high in non-soybean legumes to a diet without legumes, both groups lost weight with greater weight loss achieved by those consuming legumes. A comparison of bean eaters from NHANES 1999-2002 suggest that bean consumers had lower body weights, and waist circumferences in comparison to non-consumers (Papanikolaou, 2008). 

In a systematic review of soy foods and weight loss, Cope et al. (2008) concluded that there was limited evidence to support the hypothesis that soy foods increase weight loss when fed at isocaloric levels or that soy foods affect caloric intake when included as part of a diet. In a cohort study, women consuming more soy during adulthood had a lower BMI, but the relation was primarily observed for Caucasian and postmenopausal participants (Maskarinec, 2008).


 Cooked Dry Beans and Peas and Cardiovascular Outcomes 

Limited evidence exists that dry beans and peas have unique abilities to lower serum lipids; most of the lipid lowering seen in studies is related to the soluble fiber content of these products. The conclusion reached for this question is based on the review of one meta-analysis (Anderson and Major, 2002), five trials (Crujeiras, 2007; Finley, 2007; Pittaway, 2006; Pittaway, 2007; Pittaway, 2008), two prospective cohort studies (Bazzano, 2001; Steffen, 2005), one case-control study (Kabagambe, 2005), and one cross-sectional study (Papanikolaou, 2008). The Committee also considered one randomized crossover trial (Welty, 2007), one prospective cohort study (Kokubo, 2007), and one longitudinal study (Nagata, 2000) regarding soy foods.


Anderson and Major (2002) quantitatively analyzed changes in serum lipoprotein levels resulting from intake of non-soya pulses. The authors concluded that regular consumption of pulses may have important protective effects on risk for CVD, including decreases in serum cholesterol, LDL-cholesterol, and triacylglyercols and increases in HDL-cholesterol.


In the intervention studies, dry beans and peas lowered serum lipids as expected based on soluble fiber content. In a series of studies including the daily consumption of more than 100 g of chickpeas per day for 5 to 12 weeks, Pittaway et al. (2006, 2007, 2008) observed improvements in serum total cholesterol and LDL-cholesterol compared to a control diet without legumes. Similar improvements in total cholesterol were observed following an 8-week weight loss intervention that included non-soybean legumes four days each week, and the decrease in total cholesterol was directly correlated with increased fiber intake (Crujeiras, 2007).


Bazzano et al. (2001) found a strong and independent inverse association between dietary intake of legumes and risk of CHD in the Nutrition Examination Survey Epidemiologic Follow-up Study (NHEFS), which is a prospective cohort study of the First National Health and Nutrition Examination Survey (NHANES I) from 1971 to 1975. Legume consumption four or more times per week compared with less than once a week was associated with a 22 percent lower risk of CHD and an 11 percent lower risk of CVD. In the Coronary Artery Risk Development in Young Adults (CARDIA) Study (Steffen, 2005), tertiles of legume intake were less than 0.1, 0.1 to 0.2, and more than 0.2 times per day, supporting extremely low usual intake of legumes. The authors noted that limited consumption of legumes and insufficient statistical power precluded definitive conclusions from being drawn about the relationship between intake of legumes and elevated blood pressure. However, it is unclear whether null findings were due to the lack of association or limited range in consumption. In a case-control study in Costa Rica, Kabagambe et al. (2005) observed an inverse association between myocardial infarction and the intake of one serving of beans per day (1/3 cup of cooked beans) in adjusted analyses. However, no additional benefit was observed with more than one serving per day. 


In more than 12 years of follow-up of the Japan Public Health Center-Based Study Cohort I (Kokubo, 2007), investigators saw a decrease in the risk of myocardial infarction, cerebral infarction, and CVD mortality among women consuming soy at least five times per week compared to those consuming soy zero to two times per week. However, no associations were observed for men. In a longitudinal study in Japan, Nagata et al. (2000) also observed an inverse correlation between soy product intake and heart disease mortality in women, but not men.


In a randomized crossover trial in which hypertensive, prehypertensive, and normotensive postmenopausal women consumed the Therapeutic Lifestyle Changes (TLC) diet alone or with 1/2 cup unsalted soy nuts (25 g soy protein) replacing 25 g of non-soy protein, benefits to blood pressure and LDL-cholesterol were greater for the hypertensive women than the normotensive participants (Welty, 2007).


Cooked Dry Beans And Peas And Type 2 Diabetes Mellitus 


Evidence is insufficient to determine a relationship between dry beans and peas and T2D. Only one study was found that measured the relationship between dry beans and peas and T2D. The association between the consumption of legume and soy foods and T2D was examined over an average follow-up of approximately 5 years in the Shanghai Women’s Health Study (Villegas, 2005). Average daily intake of individual food items was combined for the following food groups: total legumes and three mutually exclusive groups [soybeans (dried and fresh), peanuts, and other legumes]. The median intake of total legumes was 30.5 g/d, for soybeans was 11.0 g/d, for peanuts was 0.7 g/d, and for other legumes was 15.5 g/d. Total legume consumption and consumption of soybeans and other legumes were each associated with a decrease in risk of T2D.


Chapter Summary


Proteins are unique because they provide both essential amino acids to build body proteins and are a calorie source. Because the RDA of protein for any person is based on their ideal body weight (0.8 g protein/kg body weight/day for ages 19 and above), lower-calorie diets require higher percentage of protein intake. Protein quality varies greatly and is dependent on the amino acid composition of the protein and the digestibility. Animal sources of protein, including meat, fish, milk, and egg, are the highest quality proteins. Plant proteins can be combined to form more complete proteins if combinations of legumes and grains are consumed. As most Americans consume too many calories, the percentage of calories from protein may be higher – up to 35 percent of calories can come from protein on very low calorie diets. Higher-protein diets tend to assist in initial weight loss, but long term studies of weight loss or maintenance of weight loss find no differences among diets lower or higher in protein.

Needs for Future Research

1. Develop standardized definitions for vegetable proteins and improve assessment methods for quantifying vegetable protein intake to help clarify outcomes in epidemiologic studies in this area. 

Rationale: Assessing vegetarian eating patterns and their protein content is complex and current methodologies do not capture critical variations. Therefore, investigators’ ability to quantify any possible association with health benefits is limited. Better standardized definitions and improved assessment methods will improve the ability to quantify health benefits associated with consumption of vegetable protein. 

2. Develop better methods of conducting cohort studies of populations consuming plant-based diets compared to animal based diets, including defined classifications of vegetarian and “near vegetarian” eating patterns and more specific impacts of dried beans and peas on health. 

Rationale:  Large US cohorts do not include enough vegetarians and vegans to make comparisons on health outcomes including weight control and blood pressure. Widespread public interest and possible public health impacts of this dietary pattern raise the priority for this research.


3. Conduct studies of potential limitations of plant-based diet for key nutrients, including calcium, iron, vitamin B12, and protein quality, especially in children and the elderly.


Rationale:  These data are needed to determine whether vegan children require dietary supplements to attain adequate nutrient status and growth.

4. Examine the role of dairy products in lipid profiles, especially through intervention trials in which all types of dairy products, both low and high fat, are fed. Bioactive components that alter serum lipid levels may be contained in milk fat. 

Rationale: Consumption of milk products may not have predictable effect on serum lipids, weight control and metabolic syndrome. The ability of dairy consumption to increase HDL levels and their effect on weight gain or weight loss and metabolic syndrome is also of widespread public health interest and worthy of additional study. 

5. Develop and investigate potential biomarkers for objective assessment of vegetable protein intake.


Rationale:  Few measures of protein status exist in healthy individuals, so it is difficult to compare protein status of participants in cohort studies with diverse protein intakes.


6. Develop better assessment tools to classify vegetarian patterns in epidemiologic studies.


Rationale:  No assessment methods are currently available to classify participants into the wide range of vegetarian eating patterns.


7. Conduct randomized controlled trials to answer the question whether intake of dairy products alters blood pressure.


Rationale: Results from prospective studies are inconsistent and suggest that many other variables that affect blood pressure, such as weight loss and other nutrients, will make associations difficult to determine.


8. Ensure that prospective cohort studies continue to track the association between intake of dairy products and metabolic syndrome. 

Rationale: Evidence to date does not suggest that high fat dairy products are more likely than low fat dairy products to induce metabolic syndrome. Whether there are other protective compounds in milk products, such as calcium, protein, fatty acids, etc. that provide protection requires further research.
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