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Metabolic Syndrome 
Metabolic syndrome is a cluster of metabolic 
abnormalities that, when present, approximately 
doubles an individual’s risk of cardiovascular disease 
and increases the likelihood they will develop type 2 
diabetes by 5 times. Approximately 34% of U.S. 
adults meet the criteria for metabolic syndrome, which 
has been increasing in prevalence largely due to the 
rising incidence of obesity. Although genetics 
influences the development of metabolic syndrome, 
modifiable lifestyle factors including dietary choices 
also play a role. This report provides an overview of 
available science evaluating the role of dairy foods in 
metabolic syndrome and its individual risk factors.   
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Introduction 
 
Metabolic syndrome is a cluster of metabolic abnormalities that increases an individual’s risk of 
developing type 2 diabetes and cardiovascular disease.1 A diagnosis of metabolic syndrome is made 
when three or more of the following risk factors are present: 

 Abdominal obesity - ≥ 102 cm (≥ 40 inches) in men; ≥ 88 cm (≥ 35 inches) in women. 

 Elevated triglyceride levels - ≥ 150 mg/dL (1.7 mmol/L) or receiving drug treatment of elevated 
triglycerides. 

 Low HDL cholesterol levels - < 40 mg/dL (1.03 mmol/L) in men; < 50 mg/dL (1.3 mmol/L) in 
women; or receiving drug treatment for reduced HDL cholesterol. 

 Raised blood pressure - ≥ 130 mm Hg systolic blood pressure or ≥ 85 mm Hg diastolic blood 
pressure, or receiving antihypertensive drug with a history of hypertension. 

 Elevated fasting glucose - ≥ 100 mg/dL or receiving drug treatment for elevated glucose.1  

 In addition to the above, individuals with metabolic syndrome typically display elevated markers 
of inflammation and abnormalities in blood coagulation.1  

 
Approximately 34% of U.S. adults meet the criteria for metabolic syndrome, according to government 
health surveys conducted between 1999 and 2006, which represents an increase from 29% in similar 
surveys conducted between 1988 and 1994.2,3 The increased prevalence of metabolic syndrome in the 
U.S. and worldwide is attributed largely to the obesity epidemic.4  With the growing prevalence of 
metabolic syndrome and evidence that persons with metabolic syndrome are approximately twice as 
likely to develop cardiovascular disease and five times more likely to develop type 2 diabetes than 
those without this syndrome,5 there is an urgent need to address this serious public health issue. 
 
Although genetics influences the development of metabolic syndrome, modifiable lifestyle factors 
including dietary choices also play a role.1,4 Emerging scientific research indicates that consumption of 

dairy products and dairy components may help reduce the risk of metabolic syndrome.1 
 
Milk, Milk Products, and Metabolic Syndrome 
 
A number of observational studies, both cross-sectional and prospective, have demonstrated an 
association between increased dairy product consumption and lower incidence of metabolic syndrome 
in various populations.6,7,8 After combining data from cross-sectional studies, researchers reported that 
consumption of 3 to 4 servings/day of dairy foods was associated with a 29% reduced risk of 
developing metabolic syndrome compared with intake of less than 2 servings/day of dairy.8 

  
A more recent systematic review of 10 cross-sectional and three prospective cohort studies found that 
in seven of 13 studies (i.e., five of the 10 cross-sectional and two of the three prospective studies) 
published between 2000 and 2009 dairy intake was inversely associated with metabolic syndrome.7 

The researchers concluded that the majority of observational studies indicate a beneficial effect of dairy 
consumption on risk of metabolic syndrome.7 Additionally, they suggest that failure to control for 
confounding factors, limited information regarding dairy intake (e.g., type, quantity, fat content), and use 
of different criteria to diagnose metabolic syndrome may explain inconsistent findings observed in some 
studies.7  
 
Following publication of the above review, a recent prospective study found that, after adjusting for 
confounding variables including body mass index (BMI), consumption of dairy products other than 
cheese and the calcium density of the diet (amount of calcium/1,000 calories) each was associated with 
a significantly lower incidence of metabolic syndrome.9 This study examined the relationship between 
dairy products and the nine-year cumulative incidence of metabolic syndrome in 3,435 adults enrolled 
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in the Epidemiological Study on the Insulin Resistance Syndrome (DESIR) in France. Intakes of dairy 
foods and calcium were determined using a food frequency questionnaire at the beginning of the study 
and after three years. The findings showed that not only was dairy intake associated with reduced 
incidence of metabolic syndrome, but also with some risk factors for metabolic syndrome. Specifically, 
consumption of dairy products other than cheese and the calcium density of the diet were associated 
with reduced incidence of type 2 diabetes or impaired fasting glucose.9 Also, consumption of dairy 

products other than cheese, cheese alone, and the calcium density of the diet, were associated with a 
lower nine-year diastolic blood pressure and with lower BMI gain over time.9 Higher cheese intake and 
the calcium density of the diet were associated with lower triglyceride levels and a lower nine-year 
increase in waist circumference. Recently, a comprehensive analysis of data from the Oslo Health 
Study found that a higher frequency of self-reported cheese intake in adults was significantly 
associated with a lower likelihood of having metabolic syndrome, fewer metabolic syndrome risk 
factors, and improvements in individual metabolic syndrome components.10  
 
To date, no randomized controlled trials have been conducted to directly determine the impact of dairy 
foods on the development or incidence of metabolic syndrome.7 However, a few trials have 

demonstrated either a neutral or beneficial effect of dairy foods on components of metabolic syndrome 
such as triglyceride levels, blood pressure, fasting glucose, and/or waist circumference.11,12,13 A recent 
randomized clinical trial in 40 overweight or obese adults (19 men and 21 women) with metabolic 
syndrome showed that an adequate intake of dairy foods (>3.5 servings/day) consumed as part of a 
weight maintenance diet for 12 weeks significantly reduced biomarkers of oxidative and inflammatory 
stress, two factors commonly observed in individuals with metabolic syndrome, compared with a low 
dairy intake (<0.5 servings/day).14 Adequate dairy intake also improved certain components of 
metabolic syndrome (e.g., elevated waist circumference, high blood pressure, and insulin resistance).  
 
Intake of Dairy Components and Metabolic Syndrome 
 
The specific physiological mechanism(s) by which dairy foods affect metabolic syndrome and its related 
disease outcomes (i.e., cardiovascular disease, type 2 diabetes) is yet to be fully elucidated. However, 
components in dairy foods may provide protection against metabolic syndrome by modulating risk 
factors associated with this condition.15,16,17 As reviewed by Rice and colleagues, specific dairy 
components – milkfat, vitamin D, calcium, magnesium, potassium, and whey protein – may individually 
or collectively exert a beneficial effect on various elements of metabolic syndrome, including blood lipid 
levels, blood pressure, fasting glucose, and body composition.17 The following are some of dairy food 
components’ effects on risk factors for metabolic syndrome: 

 Milkfat: the composition (i.e., more medium-chain fatty acids) and type of saturated fat, level of 
monounsaturated fat, bioactive fatty acids, and/or a combination of these constituents may 
contribute to milkfat’s neutral or beneficial effects on risk factors for metabolic syndrome. For 
example, the unique position of some saturated fatty acids on the triglyceride backbone in 
milkfat may help prevent hypercholesterolemia and high blood triglyceride levels typically 
observed with diets high in saturated fat.17,18 Milkfat is also comprised of approximately 25% of 
oleic acid, a monounsaturated fatty acid shown to have beneficial effects on blood lipid levels, 
and central adiposity, as well as a neutral or beneficial effect on blood pressure and glycemic 
response and insulin sensitivity.17,19,20 Emerging evidence indicates that trans-palmitoleic acid, 
another monounsaturated fatty acid in milkfat, is associated with an improved blood lipid profile, 
insulin resistance, waist circumference, and BMI.21 Conjugated linoleic acid (CLA), a group of 
positional and geometric isomers of linoleic acid including rumenic acid (a trans fatty acid 
produced naturally by ruminant animals) in milkfat, has been shown to have beneficial effects on 
blood lipid and lipoprotein levels in experimental animals,22 but this finding has not been 
confirmed in humans.23 
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 Vitamin D: Vitamin D-fortified cow’s milk is the leading food source of vitamin D in the American 
diet.24 Vitamin D may have a beneficial impact on metabolic health by favorably influencing 
blood lipids and lipoproteins, improving insulin sensitivity, and possibly lowering blood pressure, 
but data remain inconclusive.25 

 

 Calcium, potassium and magnesium: milk is the leading source of calcium, potassium, and 
magnesium in the diet of Americans aged 2 years and older.24 Results from randomized 
controlled trials have demonstrated that calcium has a neutral or beneficial effect on blood lipid 
levels, potentially mediated by increased excretion of fecal fat.17,26 Other studies have shown 
that calcium, as well as potassium and magnesium, may lower blood pressure.27 Calcium may 
also have a beneficial effect on metabolic health by its favorable effects on body weight and 
body composition.28 
 

 Whey protein: milk protein, particularly whey protein, may favorably modify several risk factors 
associated with metabolic syndrome. Studies have shown that intake of whey protein is 
associated with improved blood lipid profile, blood pressure control, insulin sensitivity.17,29,30 
Additionally, other studies have demonstrated that increased whey protein intake, as compared 
to carbohydrate, may improve body composition when accompanied by regular resistance 
exercise or as part of a weight management program.17,31,32 

 
Conclusion 
 
Emerging evidence, primarily from epidemiological studies, suggests that consumption of dairy foods is 
inversely associated with metabolic syndrome and its risk factors. According to the 2010 Dietary 
Guidelines for Americans, moderate evidence indicates that “intake of milk and milk products is 
associated with a reduced risk of cardiovascular disease and type 2 diabetes and with lower blood 
pressure in adults.”33 Although specific mechanisms have yet to be fully elucidated, there is evidence 
that dairy food components may have a neutral or beneficial effect on risk factors for metabolic 
syndrome. However, further research, particularly randomized controlled trials including specific types 
of dairy foods, is necessary to verify findings from epidemiological investigations supporting a beneficial 
role of dairy foods on metabolic syndrome. Also, well-controlled trials are needed to clarify potential 
mechanisms by which dairy food components contribute to dairy foods’ beneficial effects on metabolic 
syndrome.6,17,34 

 
To-date, findings related to dairy food intake and metabolic syndrome are promising and provide 
another reason to consume 3 cups of low-fat or fat-free milk and milk products every day for Americans 
9 years and older as part of a healthful diet recommended by the 2010 Dietary Guidelines for 
Americans33 and USDA’s MyPlate (www.choosemyplate.gov). 
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