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Abstract

Diabetes mellitus type 2 is a metabolic disorder that is characterized by hyperglycemia (high blood sugar level) in the
context of insulin resistance and relative lack of insulin. Recently, much scientific evidence has shown that the risk of
diabetes mellitus type 2 could be reduced by dairy intake. A significantly strong relationship has been noted between this
disease and dairy intake. In particular, from the different types of fat in dairy foods that were reported to have a beneficial
impact, low-fat dairy foods have been found to have the best effect with respect to reducing the risk of diabetes mellitus
type 2. Therefore, the role of specific components of dairy foods, such as calcium, vitamin D, dairy fat, and #rans-palmitoleic
acid, which could be responsible for this effect and for the positive effect of dairy foods in obesity and metabolic syndrome,
needs to be identified. There is a strong and relatively consistent body of accumulating evidence indicating that dairy foods
may significantly reduce the risk of diabetes mellitus type 2, likely in a dose-response manner. Dairy recommendations
should be an essential part of public health guidance, and identifying strategies to increase dairy food consumption to optimal
levels is of utmost importance. Hence, this review summarizes various positive effects of dairy foods with respect to reducing
the risk of diabetes mellitus type 2, based on available evidence, and discusses the need for further research on preventing
or decreasing the risk of diabetes mellitus type 2.
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Table 1. Summary of positive effects between obesity and weight and dairy foods

Effect of dairy foods against obesity and weight

1. Favorable effect of dairy foods during weight loss through fat mass reduction and preservation/augmentation of lean mass

2. Increased fat oxidation by calcium

3. Prevention of fat absorption via the formation of calcium insoluble soaps
4. Reduction of lipogenesis and increase in lipolysis by high calcium intake

5. Role of whey protein in muscle sparing and lipid metabolism

Source: Pihlanto-Leppla ez al. (2000), Zemel (2005), Christensen et al. (2009), Pal et al. (2010), Mozaffarian ez al. (2011), Gonzalez et al. (2012)
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Table 2. Summary of positive effects between metabolic syndrome
and dairy foods

Effect of dairy foods against metabolic syndrome

Reduced risk of MetS via improvement of several cardiometabolic
risk factors

1. Blood lipids

2. Blood pressure

3. Abdominal fat

Source: Crichton et al. (2011), Louie et al. (2013)
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Table 3. Summary of positive effects between calcium and Diabetes mellitus type 2

Effect of calcium against Diabetes mellitus type 2.

1. Down-regulation of regulator genes encoding pro-inflammatory cytokines involved in insulin resistance

2. Phosphorylation of insulin receptors

3. Regulation of insulin-mediated intracellular processes in insulin-responsive tissues

4. Secretory function of pancreatic [3-cells

Source: Zemel et al. (1998), Zemel et al. (2000), Ojuka (2004), Wright et al. (2004), Pottas et al. (2007)

Table 4. Summary of positive effects between vitamin D and Diabetes mellitus type 2

Effect of vitamin D against Diabetes mellitus type 2

1. Direct effect on insulin secretion by binding to vitamin D receptors in pancreatic [3-cells

2. Indirect effect via the regulation of extracellular calcium

3. Protection against systemic inflammation by counteracting cytokine generation

Source: Maestro et al. (2000), Pradhan et al. (2001), Duncan et al. (2003), Bland et al. (2004), Pittas et al. (2004; 2007), Dunlop et al. (2005),

Luquet et al. (2005)
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Table 5. Summary of positive effects between trans-palmitoleic acid and Diabetes mellitus type 2

Effect of trans-palmitoleic acid against Diabetes mellitus type 2

1. Improvement of hepatic and peripheral insulin resistance, metabolic regulation, and suppression of hepatic de novo lipogenesis
2. Lower levels of triglycerides, fasting insulin, blood pressure, and C-reactive protein

Source: Dimopoulos et al. (2006), Mozaffarian et al. (2010; 2013), Alhazmi et al. (2012), Kratz et al. (2013)
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Table 6. Various positive effects between Diabetes mellitus type 2 and dairy foods

Major effects for preventing Diabetes mellitus type 2

Reference

- Inverse association between total consumption of dairy foods and impaired fasting glycemia and Diabetes mellitus type 2

Fumeron et al.

- Inverse relationship between cheese and incident metabolic syndrome (2011)
- Significant inverse association between low-fat milk and diabetes Grantham et al.
- Significant inverse association between the highest tertile of dairy intake and risk of diabetes among men (2013)
- No association between total dairy consumption and Diabetes mellitus type 2 .
. . . Louie et al.
- No association for reduced/low-fat dairy and regular-fat dairy (2013)
- Significant reduction by 59% in risk of MetS with regular-fat dairy
+ A 25% risk reduction for the highest current consumption of dairy foods (two servings per 1,000 kcal)
+ A 43% reduction in risk of Diabetes mellitus type 2 with consistently high intakes of dairy foods (from adolescence .
o adulthood) Malik et al.
(2011)

[> - Significantly reduced risk of Diabetes mellitus type 2 by 38% for highest quintile of dairy consumption during

adolescence (two servings per day)

- Direct association between dairy fat and frans-palmitoleic acid levels
- Inverse association with risk of Diabetes mellitus type 2 for whole (regular-fat) dairy across all intake levels
- Significant reduction by 48~62% in risk of incident Diabetes mellitus type 2 with trans-palmitoleic acid

Mozaffarian et al.
(2010; 2013)

- No association between total dairy consumption and Diabetes mellitus type 2

Sluijs et al.

- Inverse association between cheese and fermented dairy foods and Diabetes mellitus type 2 (2012)

- Association of fermented dairy foods with reduced risk of overall mortality
- No significant association between total dairy consumption or specific types of dairy foods and Diabetes mellitus type 2

Soedamah-Muthu
et al. (2012)

- Beneficial effect of cheese and fermented dairy on glucose regulation indices

Struijk et al.

- No significant association between total dairy intake and Diabetes mellitus type 2 incidence (2013)
DA
- Moderate evidence indicates that dairy foods is associated with a reduced risk of Diabetes mellitus type 2 g% 10)
Lo o .. . . . Elwood et al.
+ Reduction in diabetes incidence by 4~9% for each additional daily serving of dairy foods (2008)
- Inverse association between high-fat dairy foods and Diabetes mellitus type 2 Kre(ltzzmest) al.
> . - . . . o . Pittas et al.
+ Lower risk of incident Diabetes mellitus type 2 for the highest vs. lowest dairy intake (3~5 vs. 1.5 servings per day) (2007)
- Decrease of 10% in Diabetes mellitus type 2 risk per each additional serving of low-fat dairy per day
- Decrease of 6% in Diabetes mellitus type 2 risk per each additional serving of total dairy per day
. . . . Tong et al.
+ No association for high-fat dairy and whole milk 2011)

- Significant inverse association for low-fat dairy and yogurt

- Diabetes mellitus type 2 risk reduction by 14% for highest diary intake

[>PROSPECTIVE COHORT STUDIES, PSYSTEMATIC REVIEWS AND META-ANALYSES

Source: Kalergis et al. (2013)
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