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Do dairy products have a role in 
the prevention of type 2 

diabetes?

Question



Outline

*Dairy Intake and Risk of Type 2 Diabetes & 
its Underlying Disorders
* Overview: Current Status of the Scientific 

Evidence 
* My Group’s Work under Cluster 2: 
* Dairy-Specific Fatty Acids and Vitamin D

* Future Directions & Conclusions



Dairy Consumption and Type 2 Diabetes 
are Trending in Opposite Directions

Is there a connection?

Context



Dairy Intake and Risk of Type 2 
Diabetes:

Meta-Analyses of 
Observational Studies



Summary
Meta-Analyses of Observational Studies

* Null or inverse (protective) relationship between 
total dairy intake and risk of type 2 diabetes 
development



What about 
Specific Dairy Products?

Milk, Cheese, Yogurt, etc.
* Findings have been mixed!
* Stronger inverse (protective) relationships 

for yogurt and low fat dairy in some but not 
all meta-analyses.

*Also inverse for ice cream!



Summary
Evidence from Randomized Trials

* Focus has been on risk factors
* No significant change in: 
* Waist circumference, glucose, insulin, blood lipids, blood pressure
* Some evidence for modest increases in weight

* Few studies – wide variety of duration, dairy interventions and outcomes



* Protein
* Fat
*Micronutrients (e.g. calcium, vitamin D)
*Gut microbiota
*Others

How Might Dairy Consumption Protect 
against Diabetes?



Focus of my Research Program:

Two Important Concepts

1. Once diabetes has 
developed, the horse 
is out of the barn!

Diabetes results from 
chronic, progressive 
disorders that evolve over 
years / decades



Focus of my Research Program:

Two Important Concepts

2. Dietary intake is very difficult to measure 

- Questionnaires are typically used 
- Many limitations

- Burdensome to participants
- Reliance on memory 
- Reporting errors and biases



How we deal with these challenges?

1. Focus is on early disorders that lead to diabetes:
Insulin resistance and poor insulin secretion from 
the pancreas, carefully studied well before the 
onset of diabetes

2. Measurement of diet using questionnaires and 
dietary biomarkers (factors in blood, muscle, fat 
tissue that reflect dietary intake)



Research Objectives under Cluster 2

To advance our understanding of the 
role of dairy products in the 

prevention of type 2 diabetes through 
the study of the impact of dairy fatty 
acids and vitamin D on physiological 

traits driving diabetes onset.



* Pentadecanoic acid (15:0)1-6

* Margaric acid (17:0)1-3, 5-6

* Trans-palmitoleic acid (trans 16:1n-7)7-9

* c9, t11 conjugated linoleic acid (c9, t11 CLA )10

* Vaccenic acid (trans 18:1n-11)10

* Nutritional biomarkers as objective measures of dietary intake
* TFA and odd-chained SFA are from exogenous sources 
* Dairy-derived FA as biomarkers of dairy intake validated in different 

biological media

(1)Baylin et al., AJCN:76, 2002;(2)Biong et al., Eur J Lipid Sci Technol:108,2006; (3)Brevik et al. Eur J Clin Nutr: 59,2005;
(4)Smedman et al. AJCN:69, 1999; (5)Wolk J Nutr:131,2001; (6)Wolk et al. AJCN:68;1998; (7)Mozaffarian et al. Ann Intern Med:153,
2010; (8)Mozaffarian et al. AJCN:97, 2013;(9)Sun et al. AJCN:86,2007; (10) Gebauer et al. Adv Nutr:2, 2011.

Dairy-derived Fatty Acids as 
Biomarkers for Dairy Intake



* Limited information on the role of specific fatty acids derived 
from dairy product consumption on early metabolic 
underlying abnormalities that lead to the development of 
T2DM

Knowledge Gaps



Research Outcomes 
from Cluster 2

- Four cohorts of high risk participants:
- Hispanics and African Americans
- Indigenous Canadians
- Pre-diabetes/Metabolic Syndrome



• Longitudinal observational study of participants with one or more risk factors for T2DM (ages

≥ 30 yr)
• Toronto and London, Ontario

• Baseline visits: 2004-2006
• Follow-up: annual telephone contact and clinical examination every 3 yr

Ø Metabolic characterization, anthropometric measurements, structured questionnaires
• Baseline fasting serum fatty acid measurement (n = 444)

PROspective Metabolism and ISlet cell Evaluation (PROMISE) 

yr 0 yr 3 yr 6

Santaren ADA 2016



Median dairy intake: PROMISE

Dairy product Median (IQR) 
servings/day

Total dairy 1.35 [0.85, 2.29]

Total milk 0.59 [0.30, 1.22]

Total cheese 0.33 [0.14, 0.59]

Total yogurt 0.23 [0.06, 0.39]

Santaren ADA 2016



Longitudinal Associations of Dairy-derived Fatty Acids 
(Phospholipid pool) with Insulin Sensitivity and Secretion

Santaren ADA 2016



Summary

* In the PROMISE study, the majority of dairy-specific fatty acids 
that we are studying show a beneficial impact on insulin 
sensitivity and insulin secretion in high risk individuals.

Santaren ADA 2016



Vitamin D Synthesis

7-dehydrocholesterol	à vitamin	D3

Sunlight

skin

Diet
Vitamin	D2
Vitamin	D3Liver

25-hydroxyvitamin	D	- 25(OH)D

1,25-dihydroxyvitamin	D

Kidney



Low Vitamin D and Diabetes

CROSS-SECTIONAL STUDIES
Subjects with diabetes have low serum 
25(OH)D (NHANES III; Tian et al, 2014).

PROSPECTIVE STUDIES
Low serum 25(OH)D associated with 
incident diabetes (Blanton et al, 2011).

RANDOMIZED CONTROL TRIALS
Existing evidence is inconclusive (Pilz et al, 
2013); there are several important on-going 
trials.



Future Directions:
Vitamin D in T2DM and MetS

* Need for more appropriate trials
* Understudied high risk groups
* New frontiers in vitamin D biology:
* Bioavailable & free 25(OH)D 
* Epimers / metabolites (Shah JCEM 2014)

* Urinary losses of vitamin D binding protein in DM 
(Thraikill JCEM 2011)

* Low 25(OH)D and high PTH (Kramer, Diabetes 2014)

* Among patients with chronic kidney disease, possible toxicity associated with high 
dose of vitamin D (Petkovich et al, 2014)



* Objective: To investigate the associations of directly 
measured free 25(OH)D and total 25(OH)D 
concentrations with insulin sensitivity, insulin 
secretion, and incident T2DM in the Insulin Resistance 
Atherosclerosis Study (IRAS) Family Study

* 1,230 non-diabetic Hispanics and African-Americans in 
the IRAS Family Study

Lee et al, JCEM 2017



* Free 25(OH)D was significantly associated with insulin 
sensitivity in the IRAS Family Study cohort.  

* No overwhelming evidence that free 25(OH)D was more 
strongly associated with diabetes traits among African 
Americans

* While the free form of 25(OH)D appeared to have a 
stronger association vs the total form of 25(OH)D, 
additional research is needed to confirm this 
observation.

Conclusions: 
Free vs Total 25(OH)D 

Lee et al, JCEM 2017



Dairy and T2DM Prevention
Future Directions

* Additional data on the roles of dairy subtypes (especially high fat and 
sugar sweetened dairy) and specific products (milk/cheese/yogurt)

* Impact of dairy intake on early disorders in diabetes:
* insulin resistance/secretion, inflammation, body weight, ectopic fat

* More complete assessment of the spectrum of fatty acids from dairy

* RCTs: dose, duration, dairy form & content, outcomes



Conclusions

* Observational studies – total dairy intake inversely associated with 
T2DM incidence
* Some inconsistencies regarding dairy subtypes 

* RCTs– inconsistent but a number of design issues
* Mechanisms – several intriguing potential mechanisms
* Dairy fatty acids – biomarkers or bioactives? 

* More work needed!
* Vitamin D and T2DM – are we at the end of the road or a fork in the 

road?  Ongoing trials and new methods will help to clarify a complex 
relationship
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