SCIENCE SUMMARY: Type 2 Diabetes
Dairy food consumption
is associated with
lower risk for type 2
diabetes
Overview
Dairy foods such as milk, cheese and yogurt are foundational foods in healthy eating patterns. They contribute
important shortfall nutrients, including calcium, vitamin D and potassium. Low-fat and fat-free dairy foods are part
of the Dietary Guidelines for Americans (DGA) recommendations, and a wide variety of nutrient-rich dairy foods are
available that can help Americans meet nutrition, health and taste preferences. A growing body of research indicates
that dairy food consumption is associated with multiple health benefits, including a reduced risk for type 2 diabetes
(T2D). This summary reviews studies about dairy food consumption and T2D published between 2009 and 2015,
building on the scientific review conducted for the 2010 DGA. This research provides further support for consuming
low-fat or fat-free dairy foods as recommended in the 2015 DGA.

Healthy eating patterns can help lower risk for T2D and decrease public health costs
Type 2 diabetes affects nearly 29 million Americans 20 years and older (1), and it is estimated that one in three
Americans born today will develop diabetes over his or her lifetime (2). The annual estimated cost of diagnosed
diabetes in the U.S. has increased from $174 billion in 2007 to $245 billion in 2012 (3). Each year, one million people
receive a new diagnosis of diabetes, and T2D accounts for 90-95% of all diagnosed cases (4). Genetic and
environmental factors influence the development of T2D, and a healthy eating pattern helps contribute to overall
health and the management of T2D (4). The 2015 DGA states that healthy eating patterns are associated with reduced
risk for several chronic diseases, including cardiovascular disease (strong evidence) and type 2 diabetes (moderate
evidence) (5). The DGA recommends three daily servings of low-fat or fat-free dairy foods for those 9 years and older,
2½ for children 4-8 years, and two for children 2-3 years, in the Healthy U.S.-Style Eating Pattern (5).

The 2015 DGA notes that moderate evidence indicates healthy eating patterns are
associated with reduced risk for type 2 diabetes (5).

Accumulating evidence finds dairy food consumption is linked to lower risk for T2D
National and global health organizations recognize factors such as poor diet and physical inactivity as key
contributors to the epidemics of overweight, obesity and several diet-related chronic diseases, including T2D (6, 7).
The 2010 Dietary Guidelines, based on evidence published through mid-2009, stated: “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” (8). Since 2009, the body of evidence on dairy foods and type 2 diabetes has
continued to grow.
Research published between 2009 and 2015 has examined links between dairy food consumption and T2D in five
meta-analyses and/or systematic reviews (9-13), 13 prospective cohort studies (14-26), ten of which are about the
association between dairy foods and T2D (14-23) and three of which relate to dairy fat (24-26). Results from the
majority of these studies support the association between higher dairy food consumption and a reduced risk for T2D
in a range of population groups. Because most of the research is observational, research is needed to understand the
mechanisms underlying these observations. Overall, this research is consistent with the role of dairy foods in the
healthy eating patterns recommended in the DGA.
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Meta-analyses and systematic reviews find dairy food consumption linked to lower T2D risk
In a meta-analysis of 17 prospective cohort studies, higher consumption of total dairy products, low-fat dairy foods
and cheese, compared to lower consumption, was associated with a lower risk for T2D (9). Associations were also
found for higher consumption of yogurt, and low-fat or fat-free milk and cheese. These associations were further
supported through dose-response analysis showing T2D risk was reduced by 7% for every 400 grams per day of total
dairy foods consumed, or about 1.7 servings of milk per day (9). Another large dose-response meta-analysis of 16
prospective cohort studies found that consuming 200 grams per day of total dairy or low-fat dairy was associated
with a 6% and 12% lower risk for T2D, respectively (10). When investigating the effects of individual dairy foods,
researchers found a 20% lower risk for T2D associated with consuming 30 grams per day of cheese, and a 9% lower
risk associated with consuming 50 grams per day of yogurt.
A meta-analysis of 14 prospective cohort studies found that each serving per day of yogurt was associated with an
18% lower risk for T2D, while consumption of other dairy foods and total dairy were not associated with incidence of
T2D (11). Additional analysis of three large prospective cohort studies in the U.S. in the same publication also found
that each serving of yogurt per day was associated with 17% lower T2D risk (11). Two smaller meta-analyses found
higher consumption of low-fat dairy foods was associated with a 14% lower risk of T2D (12), and higher intakes of
dairy foods were associated with a 15% reduction in risk (13). Taken together, the large majority of observational
cohort studies find that higher consumption of dairy foods, especially yogurt, is associated with a reduced risk for
T2D in adult populations around the world.

Emerging evidence linking yogurt intake with lower risk for T2D (9-11) indicates the
process of milk fermentation that produces yogurt may modify milk in a beneficial way.
Research is needed to better understand this observed association.

Prospective cohort studies find dairy consumption does not increase or lowers risk for T2D
Two large prospective studies conducted in the U.S. found higher consumption of dairy foods is associated with
reduced risk for T2D. A study of U.S. postmenopausal women from the Women’s Health Initiative Observational
Study found that higher low-fat dairy food consumption was associated with a 40-50% reduced risk for T2D, and
compared with women who ate yogurt less than once per month, more frequent yogurt intake (more than twice per
week) was associated with a 54% lower risk for diabetes (14). In U.S. women who had been tracked since adolescence,
higher dairy food consumption during adolescence was associated with a lower risk for T2D in later adulthood (15).
Prospective cohort studies conducted outside the U.S. have found beneficial or neutral effects of total dairy food
consumption, or specific dairy groups such as high-fat dairy, low-fat dairy, cheese or yogurt, on T2D risk in Europe,
Japan, Britain and Australia (16-23).

Prospective cohort studies find fatty acids in dairy foods linked to lower T2D risk
Emerging research has found specific benefits associated with consumption of dairy fat, the fat found naturally in
whole, reduced-fat and low-fat dairy foods. Two prospective studies found that individuals with the highest plasma
levels of trans-palmitoleate, a fatty acid biomarker of dairy fat consumption, had a 48% (24) and 62% (25) lower
incidence of T2D. Another prospective study found that serum pentadecanoic acid, a fatty acid present in dairy fat
that is considered an independent biomarker for dairy food intake, was associated with a 27% lower risk for T2D after
5 years (26). A recent trial had consistent findings: in 86 overweight and obese Australian adults with metabolic
syndrome, measures of insulin resistance were lower in adults with higher serum concentrations of specific
phospholipid species and fatty acids that are markers of higher fat dairy consumption (27). Taken together, these
studies indicate that the unique fatty acid profile of dairy fat may contribute to the observed associations of dairy
foods with T2D risk.

SCIENCE SUMMARY: Type 2 Diabetes
Dairy food consumption is associated with lower risk for type 2 diabetes

References
1.
2.
3.
4.

5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

17.

18.

19.
20.
21.

22.

23.

24.

25.
26.

27.

Centers for Disease Control and Prevention. National Diabetes Statistics Report: Estimates of Diabetes and Its Burden in the
United States, 2014. Atlanta, GA: U.S. Department of Health and Human Services; 2014.
Narayan KM, Boyle JP, Thompson TJ, Sorensen SW, Williamson DF. Lifetime risk for diabetes mellitus in the United States.
JAMA 2003;290:1884-1890.
American Diabetes A. Economic costs of diabetes in the U.S. in 2012. Diabetes Care 2013;36:1033-1046.
Centers for Disease Control and Prevention. National diabetes fact sheet: national estimates and general information on
diabetes and prediabetes in the United States, 2011. Atlanta, GA: U.S. Department of Health and Human Services, Centers
for Disease Control and Prevention, 2011.
U.S. Department of Health and Human Services and U.S. Department of Agriculture. 2015-2020 Dietary Guidelines for
Americans. 8th Edition, December 2015. Available at http://health.gov/dietaryguidelines/2015/guidelines/.
Malik VS, Willett WC, Hu FB. Global obesity: trends, risk factors and policy implications. Nat Rev Endocrinol 2013;9:13-27.
Oggioni C, Lara J, Wells JC, Soroka K, Siervo M. Shifts in population dietary patterns and physical inactivity as determinants
of global trends in the prevalence of diabetes: an ecological analysis. Nutr Metab Cardiovasc Dis 2014;24:1105-1111.
U.S. Department of Agriculture and U.S. Department of Health and Human Services. Dietary Guidelines for Americans, 2010.
7th Edition, Washington, DC: U.S. Government Printing Office, December 2010.
Aune D, Norat T, Romundstad P, Vatten LJ. Dairy products and the risk of type 2 diabetes: a systematic review and doseresponse meta-analysis of cohort studies. Am J Clin Nutr 2013;98:1066-1083.
Gao D, Ning N, Wang C, Wang Y, Li Q, Meng Z, Liu Y, Li Q. Dairy products consumption and risk of type 2 diabetes:
systematic review and dose-response meta-analysis. PloS One 2013;8:e73965.
Chen M, Sun Q, Giovannucci E, Mozaffarian D, Manson JE, Willett WC, Hu FB. Dairy consumption and risk of type 2 diabetes:
3 cohorts of U.S. adults and an updated meta-analysis. BMC medicine 2014;12:215.
Tong X, Dong JY, Wu ZW, Li W, Qin LQ. Dairy consumption and risk of type 2 diabetes mellitus: a meta-analysis of cohort
studies. Eur J Clin Nutr 2011;65:1027-1031.
Elwood PC, Pickering JE, Givens DI, Gallacher JE. The consumption of milk and dairy foods and the incidence of vascular
disease and diabetes: an overview of the evidence. Lipids 2010;45:925-939.
Margolis KL, Wei F, de Boer IH, Howard BV, Liu S, Manson JE, Mossavar-Rahmani Y, Phillips LS, Shikany JM, Tinker LF. A diet
high in low-fat dairy products lowers diabetes risk in postmenopausal women. J Nutr 2011;141:1969-1974.
Malik VS, Sun Q, van Dam RM, Rimm EB, Willett WC, Rosner B, Hu FB. Adolescent dairy product consumption and risk of
type 2 diabetes in middle-aged women. Am J Clin Nutr 2011;94:854-861.
Ericson U, Hellstrand S, Brunkwall L, Schulz C-A, Sonestedt E, Wallström P, Gullberg B, Wirfält E, Orho-Melander M. Food
sources of fat may clarify the inconsistent role of dietary fat intake for incidence of type 2 diabetes. Am J Clin Nutr
2015:ajcn103010.
Sluijs I, Forouhi NG, Beulens JW, van der Schouw YT, Agnoli C, Arriola L, Balkau B, Barricarte A, Boeing H, Bueno-deMesquita HB, et al. The amount and type of dairy product intake and incident type 2 diabetes: results from the EPICInterAct Study. Am J Clin Nutr 2012;96:382-390.
Kirii K, Mizoue T, Iso H, Takahashi Y, Kato M, Inoue M, Noda M, Tsugane S, Japan Public Health Center-based Prospective
Study G. Calcium, vitamin D and dairy intake in relation to type 2 diabetes risk in a Japanese cohort. Diabetologia
2009;52:2542-2550.
Struijk EA, Heraclides A, Witte DR, Soedamah-Muthu SS, Geleijnse JM, Toft U, Lau CJ. Dairy product intake in relation to
glucose regulation indices and risk of type 2 diabetes. Nutr Metab Cardiovasc Dis 2013;23:822-828.
Soedamah-Muthu SS, Masset G, Verberne L, Geleijnse JM, Brunner EJ. Consumption of dairy products and associations with
incident diabetes, CHD and mortality in the Whitehall II study. Br J Nutr 2013;109:718-726.
Fumeron F, Lamri A, Abi Khalil C, Jaziri R, Porchay-Balderelli I, Lantieri O, Vol S, Balkau B, Marre M. Dairy consumption and
the incidence of hyperglycemia and the metabolic syndrome: results from a french prospective study, Data from the
Epidemiological Study on the Insulin Resistance Syndrome (DESIR). Diabetes Care 2011;34:813-817.
Grantham NM, Magliano DJ, Hodge A, Jowett J, Meikle P, Shaw JE. The association between dairy food intake and the
incidence of diabetes in Australia: the Australian Diabetes Obesity and Lifestyle Study (AusDiab). Public Health Nutr
2013;16:339-345.
Louie JC, Flood VM, Rangan AM, Burlutsky G, Gill TP, Gopinath B, Mitchell P. Higher regular fat dairy consumption is
associated with lower incidence of metabolic syndrome but not type 2 diabetes. Nutr Metab Cardiovasc Dis 2013;23:816821.
Mozaffarian D, de Oliveira Otto MC, Lemaitre RN, Fretts AM, Hotamisligil G, Tsai MY, Siscovick DS, Nettleton JA. transPalmitoleic acid, other dairy fat biomarkers, and incident diabetes: the Multi-Ethnic Study of Atherosclerosis (MESA). Am J
Clin Nutr 2013;97:854-861.
Mozaffarian D, Cao H, King IB, Lemaitre RN, Song X, Siscovick DS, Hotamisligil GS. Trans-palmitoleic acid, metabolic risk
factors, and new-onset diabetes in U.S. adults: a cohort study. Ann Intern Med 2010;153:790-799.
Santaren ID, Watkins SM, Liese AD, Wagenknecht LE, Rewers MJ, Haffner SM, Lorenzo C, Hanley AJ. Serum pentadecanoic
acid (15:0), a short-term marker of dairy food intake, is inversely associated with incident type 2 diabetes and its
underlying disorders. Am J Clin Nutr 2014;100:1532-1540.
Nestel PJ, Straznicky N, Mellett NA, Wong G, De Souza DP, Tull DL, Barlow CK, Grima MT, Meikle PJ. Specific plasma lipid
classes and phospholipid fatty acids indicative of dairy food consumption associate with insulin sensitivity. Am J Clin Nutr
2014;99:46-53.

