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Epidemiology 

 

Background: Type 2 Diabetes (T2D) disproportionately impacts American Indians (AIs); the prevalence 

of T2D is two to three times higher among AIs than the general US population. Obesity and poor diets are 

common in AI communities and the relationships of specific dietary factors with T2D have not been well 

studied in this population. Whether dairy consumption, specifically high-fat intake and low-fat dairy intake, 

are associated with risk of T2D in AIs has yet to be explored.  

Methods: Using data collected as part of the Strong Heart Family Study (SHFS), we examined the 

associations of high-fat dairy and low-fat dairy intake with incident diabetes. The analytic cohort 

comprised of SHFS participants free of diabetes at baseline and who participated in a follow-up exam 8 

years later  (n=1,623). Dietary intake was assessed using a Block FFQ at baseline. Incidence of diabetes 

was defined based on the American Diabetes Association criteria at the follow-up exam. GEE were used 

to evaluate the associations between dairy intake and incident diabetes.  

Results: Reported intake of dairy products was exceedingly low [median high-fat dairy intake 0.11 

servings/1000kcal; median low-fat dairy intake 0.03 servings/1000kcal]. There were 172 participants who 

developed diabetes during follow-up. No statistically significant associations were observed between 

high- or low-fat dairy intake and development of diabetes. Despite low reported dairy intake in the SHFS, 
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those who reported the highest levels of high-fat dairy consumption compared to the lowest showed a 

trend for an inverse association with T2D [OR (95%CI): 0.69 (0.45,1.05)]. In contrast, higher consumption 

of low-fat dairy products showed no significant association with T2D.  

Conclusions: The SHFS population has very low consumption of both high- and low-fat dairy products. 
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Introduction  

In recent decades, there has been a dramatic increase in the prevalence of obesity and type 2 diabetes 

(T2D) in the United States. This burden is particularly troubling among American Indians (AIs)—where the 

prevalence of T2D is two to three times higher than in the general US adult population.(1) Obesity and 

poor diet are common in AI communities, and this may in part explain the high burden of diabetes.(2) 

Lifestyle factors, specifically diet, have been thought to play a key role in the development of T2D, 

however few dietary factors have been consistently established as either being beneficial for T2D or 

potential risk factors for T2D. Fruit and vegetable intake (3,4) and whole grain intake (5), have shown 

inverse associations with T2D, while sugar sweetened beverage intake (6) and red and processed meat 

intake have been shown to be positively associated with T2D (2,7,8). Dairy intake has been increasingly 

studied in recent years, showing some evidence of decreased risk of T2D, however there is still 

considerable inconsistency in the conclusions, depending on type of dairy products evaluated and 

method of assessment. (9–14) 

Prior meta-analyses of observational studies examining dairy products and dose response relationships 

with incident T2D have shown inverse associations of total dairy intake and low-fat dairy intake with 

T2D.(9,11–13). In contrast, a recent meta-analysis examining 14 prospective studies including three large 

US cohorts, showed no associations for total dairy, low-fat dairy, and high-fat intake with incident 

T2D.(10) Furthermore, epidemiologic studies examining specific types of dairy products have also shown 

mixed results, with inverse associations for low-fat dairy products and T2D (15–19), whereas other 

studies suggested no association with T2D. (20–23) In comparison, high-fat dairy intake has shown no 

significant association with incident T2D in many studies (15–17,20,21), with the exception of one study 

showing evidence of an inverse association with higher intake of high-fat dairy products.(24) Many of 

these studies ascertained dairy intake using self-report food frequency questionnaires (FFQ)(15–18,23), 

while one used a 7-day food diary in attempt to overcome limitations of a FFQ.(22)  

Additionally, other research groups are concerned about the limitations of self-reported FFQs and have 

investigated the use of circulating biomarkers of fatty acids to assess intake of dairy fat. There are a 

number of specific fatty acids primarily obtained from dairy fat intake.(25) Specifically, high-fat dairy intake 
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is strongly associated with higher levels of plasma trans-palmitoleate, and trans-palmitoleate is shown to 

be associated with a lower incidence of T2D. (26–28) In a recent study, plasma biomarkers of dairy fat 

[pentadecanoic acid (15:0), heptadecanoic acid (17:0), and trans-palmitoleic acid (t-16:1n-7)] were shown 

to be associated with lower risk of incident T2D,(28) strengthening the evidence for both the use of 

biomarkers in evaluation of dairy intake and the potential benefits of high-fat dairy intake and T2D. The 

use of biomarkers is promising; however, they are limited in their ability to finely differentiate between 

different dairy products with varying degrees of fat content, such as non-fat dairy products.(29) Taken all 

together, the evidence examining the relationship between dairy intake and incident T2D has many 

promising results, yet needs further research to establish more consistency.  

Lastly, almost all of the current research exploring the relationship of dairy products and T2D has been 

studied in populations not generalizable to AI communities, or other ethnic groups. Due to the 

disproportionate burden of T2D and obesity among the AI community, it is important to understand 

whether differences in the source of dietary fat are associated with differential effects on development of 

T2D to help strengthen local nutritional dietary guidelines in these communities. Previous analyses in the 

Strong Heart Family Study (SHFS) have suggested that consumption of processed meat is associated 

with a higher risk of T2D, while there is no association of consumption of unprocessed red meat with T2D. 

Currently there is no research that has examined the impact of dairy intake (i.e., high-fat dairy, low-fat 

dairy,) on incident T2D among AI communities. This information may be important in developing 

interventions to combat T2D in AI communities.  

The goal of this study was to assess the relationship of dairy consumption (high-fat dairy and low-fat 

dairy) with the risk of developing T2D among AIs from 12 communities who participated in the SHFS, a 

population-based cohort.  
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Methods 

Study setting 

This data was collected as part of a cohort study designed to better understand risk factors for cardio-

metabolic diseases among AIs from 12 communities in Arizona, North Dakota, South Dakota, and 

Oklahoma. The study was conducted during 2001-2009. All data were collected using standardized forms 

and procedures by trained staff.  

Data collection 

Data was collected at a baseline examination (2001-2003) and a follow-up exam (2007-2009). Each 

exam included a standardized personal interview, physical examination, medication review, laboratory 

testing, and food frequency questionnaire (FFQ), as described previously.(30,31)  

Study subjects 

Subjects who completed both the baseline and follow-up examinations were included in the analytic 

sample. Briefly, 1,122 men and 1,658 women from 92 large families completed a baseline exam. We 

excluded SHFS participants who had diabetes at the baseline examination (n=527) and those without a 

follow-up examination (n=245). There were no differences in baseline characteristics between those who 

did and did not have a follow-up exam with the exception of gender, where there were a slightly higher 

proportion of men who did not have a follow-up exam. Additionally, we excluded individuals with a history 

of kidney failure (n=14), myocardial infarction (n=64), stroke (n=22), heart failure (n=12), or who were 

pregnant at baseline (n=3). This was done because these conditions may influence our dietary exposures 

and diabetes risk. Patients with unreliable or large amounts of missing dietary information were also 

excluded. This included those who skipped >15% of the questions on the dietary assessment instrument 

(n=31), those missing baseline data on food intake (n=128), and those who reported having extreme 

caloric intakes [intakes of <600 kcal/day or >6000 kcal/day for women (n=71) and <600kcal/day or >8000 

kcal/day for men (n=40)]. The remaining 1,623 persons comprised the study population for this analysis.  
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Dietary assessment and exposure measures 

An interviewer-administered Block food frequency questionnaire (FFQ) with 119 items was used to 

measure usual food intake during the past year among individuals at baseline. The Block FFQ is a widely 

used food questionnaire, and its validity and reliability has been well established against multiple dietary 

food records and 24-hour food recalls. (32,33) Each participant was asked how often, on average, a 

particular food was consumed during the past year. The quantity was assessed using measures of 

consumption frequency (i.e., seasonally, never, a few times per year, once per month, 2-3 times per 

month, once per week, twice per week, 2-3 times per week, 5-6 times per week, daily) and portion size. 

Average daily energy and nutrient intakes were then calculated for each study participant using the Block 

database (Block Dietary Systems, Berkeley, CA).  

For this study, we were primarily interested in high-fat dairy intake low-fat dairy intake. Total intake of 

high-fat dairy products was defined as the sum of portions (servings/day) of whole milk and cheese and 

cheese spreads. Total intake of low-fat dairy products was defined as the sum of portions (servings/day) 

of non-fat milk, 1% milk, 2% milk, and low-fat or reduced-fat cheese alternatives (<20% fat). High-fat dairy 

intake and low-fat dairy intake groups were each categorized into tertiles for meaningful comparisons. 

Each of these dietary factors were then examined across tertiles of nutrient density expressed in terms of 

servings/1000kcal. This is done to attempt to help correct for over- and under- reporting of nutrient intake 

from the FFQ, and to normalize the dairy intake to the total amount of food/energy consumed. The 

standard daily serving sizes used for these analyses were consistent with USDA serving sizes: 8 oz. for 

whole milk, 2% milk, 1 % milk, or non-fat milk, and 1.5 ounces for cheese. Other dairy products such as 

cream, butter, and yogurt were not considered for a number of reasons. Cream and butter were not 

classified into the high-fat dairy group since there would be no low-fat equivalents for comparison 

commonly used in the SHFS population. Consumption of yogurt was excluded from analyses because the 

Block FFQ administered at baseline combines yogurt intake with other frozen deserts, and I believed this 

was not a valid representation of yogurt consumption. Additionally the SHFS population has very simple 

diets with limited access to diverse dairy products. 
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Assessment of T2D 

Incidence of diabetes was defined based on the American Diabetes Association criteria as fasting 

glucose concentration ≥126 mg/dL, or use of insulin, or oral anti-diabetic medications at the follow-up 

examination.(34) We treated all new occurrences of diabetes as T2D since type 1 diabetes is rare in AI 

populations.  

Statistical analyses 

We examined associations for each dietary exposure category with risk of T2D using generalized 

estimating equation (GEE) with an independent working correlation structure and robust standard errors. 

The general form of the model is given by: 

𝑙𝑜𝑔𝑖𝑡 𝑝 =  𝛼! + 𝛽!𝑥! + 𝛼!𝑥! + 𝛼!𝑥!…. 

GEE was selected for the analysis to allow for clustering/correlation within the data since the SHFS data 

are comprised of extended families. Participants in the lowest tertile of dietary intake comprised the 

reference group. All statistical analyses were conducted using STATA version 13.0 (STATA Corp, 

College Station, Texas). 

Four models were fit to examine the association of high-fat dairy intake and low-fat dairy intake with 

incident T2D.  

• Model 1 (crude model) included minimal adjustments for age, sex, study site, and total 

energy intake.  

• Model 2 (potential confounders) additionally adjusted for a priori confounders, including 

ambulatory physical activity, education, smoking status, and alcohol consumption.  

• Model 3 (other dietary factors) additionally adjusted for other, a priori-defined dietary 

factors including total fat (% of energy), trans-fat intake (% of energy), saturated fat intake 

(% of energy), nut intake (peanuts, peanut butter, other nuts, seeds), dietary fiber, 
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unprocessed meat intake, processed meat intake, fruit and vegetable intake, and sugar 

sweetened beverage (SSB) intake.  

• Model 4 (BMI model) BMI may partially confound or mediate the relationship of dietary fat 

intake and incident T2D; therefore we additionally adjusted for BMI in Model 4. 

The relationship between dairy intake and T2D may differ among men versus women, obese versus non-

obese, or by age, and we examined potential effect modification of these factors with high-fat dairy intake 

and low-fat dairy intake on incident T2D in sensitivity analyses. To evaluate this, a multiplicative term was 

created individually for gender, BMI, and age with dairy intake on incident T2D. Wald tests were then 

used to test the statistical significance of these interaction terms.  

Additionally, in recognition of the challenges in creating comparable exposure groups of high-fat and low-

fat dairy intake, we conducted further sensitivity analysis to look at differences in inclusion of cream and 

butter products in the high-fat dairy products, as well as separate exposures associated with incident 

T2D.  

Missing data 

There were some missing data on covariates of interest including smoking status (n=1), BMI (n=6), 

education (n=5), physical activity (n=103), total fat intake (n=5), saturated fat intake (n=5), and trans-fat 

intake (n=5). In order to maintain our sample size through the analyses and minimize potential for 

selection bias, we used multiple imputation to replace these missing covariate values with plausible 

values. The set of variables that were used to predict these imputed values were sex, age, site, alcohol 

consumption, total caloric intake, fruit and vegetable consumption, SSB consumption, processed meat 

intake, unprocessed meat intake, and total dietary fiber intake.  
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Results 

The final analytic cohort consisted of 1,623 individuals, of which 60.7% were female with a median age at 

baseline of 35.8 y (range: 14.0-85.9 y). Consumption of high-fat dairy products and low-fat dairy products 

was very low in the study population [median daily high-fat intake 0.11 servings/1000kcal (range: 0-2.5 

servings/1000kcal), median daily low-fat dairy intake 0.03 servings/1000kcal (range: 0-4.5 

servings/1000kcal)]. Nine percent (n=148) of participants reported not consuming any high-fat dairy 

products including whole milk, cheese & cheese spreads. In contrast, 39.8% (n=646) of participants 

reported not consuming any low-fat dairy products including 2% milk, 1% milk, non-fat milk, or low-fat 

cheese & cheese spreads.  

Baseline characteristics of study participants according to tertile of high-fat dairy intake and low-fat dairy 

intake are shown in Table 1a, and Table 1b, respectively. Participants who reported consuming higher 

amounts of high-fat dairy products were younger and more likely to be male. They also had a higher daily 

total caloric intake, and higher consumption of processed and unprocessed red meat intake compared to 

those who reported lower intakes of high-fat dairy products. Participants who reported consuming higher 

amounts of low-fat dairy products were more likely to be female and tended to be more physically active 

according to pedometer measurements (steps/day). Additionally, those who consumed higher amounts of 

low-fat dairy products had a slightly higher total daily caloric intake and lower consumption of 

unprocessed meats compared to those who reported lower intakes of low-fat dairy products.  

During 8 years of follow-up, there were 172 participants who developed T2D among the 1,623 study 

participants who were free of T2D at baseline. Although no statistically significant associations of high-or-

low fat dairy intake with diabetes development were found, participants who reported the highest levels of 

high-fat dairy consumption tended to have lower odds of developing T2D when compared to participants 

who reported the lowest intake of high-fat dairy consumption. When comparing the upper tertile of high-fat 

dairy intake to the lowest tertile of intake, the odds ratio (95% CI) of developing T2D was 0.69 (0.45,1.05), 

after adjustment for age, sex, site, total calories/day, education, smoking status, alcohol use, steps/day, 

and additional dietary factors (P-trend=0.08) (Table 3a). For low-fat dairy consumption, no trend for an 
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association with T2D risk was seen. For all analyses, additional adjustment for BMI attenuated odds 

ratios  

Sensitivity analyses that additionally incorporated heavy cream and butter in the high-fat consumption 

group did not materially alter the ORs. Also, there were no significant interactions between dietary factors 

and age, gender, or BMI on risk of T2D (results not shown).   

 

Discussion 

Our primary findings from this analysis indicate that the SHFS has a much lower consumption of both 

high-fat and low-fat dairy products compared to other large cohort studies in the US and the general US 

population. The magnitude of risk estimates suggested trends towards an inverse relationship between 

high-fat dairy intake and incident T2D and no association between low-fat dairy intake and T2D, however 

these relationships were not statistically significant.  

The median daily intakes of high-fat dairy ranged from 0.02-0.33 servings/1000 kcal in the three tertiles, 

and those of low-fat dairy ranged from 0-0.40 servings/1000kcal. In other studies done in large cohorts in 

the US, the median daily intake of high-fat dairy products ranged ~ 0.5-1.5 servings/1000kcal and ~ 0.5-

2.0 servings/1000kcal for low-fat intake.(15,10,17) These studies also consisted of older female cohorts 

with much different underlying demographics than the SHFS (15,24) Despite some interesting trends, the 

limited range of dairy intake in the population in combination with a relatively small sample size made it 

challenging to detect meaningful differences in T2D risk .  

Consistent with the odds ratios reported herein, previous studies have reported inverse associations of 

high-fat dairy consumption with T2D with similar magnitude.(24,17) However, some other studies, 

including a large meta-analysis, have reported inverse associations of low-fat dairy with T2D.(9,11–

13,15–19) A major challenge in synthesizing available literature on the association of dairy-intake with 

diabetes risk is the lack of homogeneity between dietary ascertainment methods (e.g., different types of 

FFQ, diet recall, biomarkers) or in the definitions of high- versus low-fat dairy products across studies; 
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many published studies do not clearly and/or consistently distinguish between high- and low-fat dairy 

products. As such, discordance across study results may be due to the different dairy foods included in 

high- and low-fat dairy groups, different categorization methods used to capture consumption ranges, and 

different dietary factors used as covariates in regression models.  

Current USDA dietary guidelines recommend that adults consume three servings of dairy products per 

day as part of a healthy diet. SHFS participants report consuming much less dairy than these 

recommendations. The observed ORs in the highest tertile of high-fat dairy intake were partially 

attenuated after adjustment for other dietary factors (model 3). Part of this attenuation might be due to 

control for the potential confounding by other foods the consumption of which is associated with both 

dairy intake and diabetes risk. At first glance, the inclusion of saturated fat in this model might appear like 

an over-adjustment since dairy products are a major source of saturated fat. However, in the SHFS, 

saturated fat intake is high [median %kcal (IQR): 11.5% (10.%,12.8%)] and dairy intake is low; as such 

dairy products do not seem to be a major source of saturated fat in this population. Adjustment for BMI 

attenuated the observed OR for analyses of low-fat dairy consumption with T2D, while adjustment for BMI 

in analyses of high-fat dairy and T2D had only modest effects on reported odds ratios. On the other hand, 

it is possible that BMI may be the mechanism by which fat intake influences diabetes risk (i.e., dairy 

intake influences BMI, and BMI influences risk of T2D). If BMI is in the causal pathway between dairy-

intake and T2D, the model that adjusts for BMI may underestimate the association of dairy-intake and 

T2D risk (over-adjustment).  

This study has limitations. First, the use of self-report to estimate diet is challenging, and some 

participants may have over-or-under-reported usual dietary intake. Our use of nutrient densities to 

describe high- and low-fat dairy intake is one way to partly correct for over-and underreporting among 

participants, assuming that dairy product intake was not systematically over- or under-reported relative to 

other foods. Additionally, dairy consumption in the SHFS was very low, and it was challenging to 

categorize dairy in a meaningful way given such low intake. Although we adjusted for many factors 

associated with diet and T2D, we cannot rule out residual confounding by unmeasured factors.  

This study also has strengths. This was the first time, to our knowledge, a study has examined the role of 
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high-fat and low-fat dairy consumption on incident T2D among AIs, an underserved population with an 

exceedingly high incidence of T2D. Although there were no statistically significant associations found, the 

magnitude of the ORs highlight some interesting trends worth further exploration in future studies. 

Additionally, the relatively low overall consumption of both high- and low-fat dairy products within this 

population is a key finding worth further consideration.  
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Tables  
 
Table 1a. Baseline characteristics of study participants according to tertiles of high-fat dairy product 
consumption 

 
High-fat dairy intake (servings/1000 kcal)1 

Characteristics <0.05 0.05 to <0.18 ≥0.18 

 n=541 n=541 n=541 

Median intake (IQR) of high-fat dairy products 0.02 (0,0.03) 0.11 (0.08,0.14) 0.34 (0.25,0.51) 

Median intake (IQR) of low-fat dairy products 0.09 (.01,0.35) 0.05 (0,0.28) 0 (0,0.05) 
Age (y) 38.5 ± 16.22 36.1 ± 14.7 35.6 ± 14.6 

Female (%) 63.6 61.2 57.5 

    
BMI (kg/m2) 30.8 ± 7.4 30.5± 7.3 30.1 ± 7.0 

Fasting glucose(mg/dl) 93.6 ± 10.5 93.5 ± 10.0 93.7 ± 10.1 

Insulin (µU/mL) 15.5 ± 15.9 14.6 ± 11.7 15.4 ± 16.9 

HDL cholesterol 53.1 ± 15.7 52.4 ± 14.6 52.2 ± 13.7 

Education (y) 12.4 ± 2.4 12.4 ± 2.2 12.1 ± 2.1 

Pedometer (Steps/day) 6236.6 ± 4168.1 6396.4 ± 4101.7 6516.7 ± 3728.4 

    
Alcohol (%)    
    Never 14.2 11.5 7.9 

    Ever 28.8 23.3 24.6 

    Current 56.9 65.2 67.5 

    
Smoking (%)    
    Never 42.7 41.3 40.5 

    Ever 21.3 20 21.1 

    Current 36.0 38.7 38.4 

    
Dietary factors    
Total calories (kcal) 2336.615 ± 1301.1 2522.2 ± 1372.4 2573.3 ± 1330.5 

Fruit & vegetables (servings/day) 3.6 ± 2.7 3.6 ± 2.5 3.6 ± 2.4 

Processed meat (g/day) 33.4 ± 38.7 37.7 ± 33.7 37.3 ± 34.5 

Unprocessed meat (g/day) 56.1 ± 55.8 60.2 ± 56.8 62.7 ± 66.3 

Sugar sweetened beverages (g/day) 508.5 ± 533.6 544.5 ± 505.5 547.4 ± 512.2 

Other sources of fats (peanut butter, nuts, 
seeds)(g/day) 15.3 ± 28.7 14.2 ± 25.6 13.7 ± 27.9 

    
Total fat (% kcal) 37.7 ± 7.6 38.1 ± 6.8 39.1 ± 8.5 

Saturated fat (% kcal) 10.8 ± 2.2 11.2 ± 2.1 12.4 ± 2.9 

Trans fat (% kcal) 1.6 ± 0.6 1.6 ± 0.5 1.6 ± 0.6 

Total dietary fiber (g/1000kcal) 7.6 ± 2.8 7.1 ± 2.1 6.9 ± 2.1 
1 One serving/day= 8 oz. of milk and 1.5 oz. of cheese. 
2 Mean ± SD 
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Table 1b. Baseline characteristics of study participants according to tertiles of low-fat dairy product 
consumption 

 
Low-fat dairy intake (servings/1000 kcal)1 

Characteristics 0 0	t	<0.13 ≥0.13 

 n=646 n=426 n=551 

Median intake (IQR) low-fat dairy products 0 (0,0) 0.04 (0.02,0.08) 0.40 (0.24,0.70) 

Median intake (IQR) high-fat dairy products 0.22 (0.09,0.42) 0.07 (0.02, 0.14) 0.07(0.02,0.15) 

Age (y) 36.4 ± 14.72 37.4 ± 14.5 36.6 ± 16.4 

Female (%) 57.7 65.6 60.4 

    
BMI (kg/m2) 29.7 ± 6.6 31.6 ± 7.6 30.6 ± 7.6 

Fasting glucose(mg/dl) 93.4 ± 10.3 94.0 ± 10.0 93.5 ± 10.2 

Insulin (µU/mL) 14.8 ± 15.9 15.4 ± 12.7 15.4 ± 15.8 

HDL cholesterol 53.0 ± 14.3 52.8 ± 15.2 51.9 ±14.8 

Education (y) 12.1 ± 1.9 12.5 ± 2.2 12.3 ± 2.6 

Pedometer (Steps/day) 6174.5 ± 3621.3 6005.8 ± 3685.8 6937.4 ± 4581.3 

    
Alcohol (%)    
    Never 9.6 11.0 13.3 

    Ever 24.8 26.4 25.9 

    Current 65.6 62.6 60.8 

    
Smoking (%)    
    Never 39.2 41.5 44.3 

    Ever 17.3 20.9 24.8 

    Current 43.5 37.6 30.9 

    
Total calories (kcal) 2488.7 ± 1360.6 2416.1 ± 1297.1 2513.1 ± 1344.2 

Fruit & vegetables (servings/day) 3.4 ± 2.6 3.5 ± 2.4 3.9 ± 2.6 

Processed meat (g/day) 37.9 ±35.3 34.5 ± 36.9 35.4 ± 35.2 

Unprocessed meat (g/day) 60.7 ± 59.3 61.1 ± 59.3 57.3 ± 60.9 

Sugar sweetened beverages (g/day) 580.6 ± 533.3 570.8 ± 544.5 447.1 ± 462.4 
Other sources of fats (peanut butter, nuts, 
seeds)(g/day) 14.1 ± 29.7 15.7 ± 29.1 13.7 ± 22.9 

    
Total fat (% kcal) 38.6 ± 8.9 38.5 ± 7.4 37.8 ± 6.1 

Saturated fat (% kcal) 11.7 ± 3.0 11.1 ± 2.1 11.6 ± 2.1 

Trans fat (% kcal) 1.6 ± 0.63 1.6 ± 0.6 1.6 ± 0.4 

Total dietary fiber (g/1000kcal) 6.8 ± 2.2 7.3 ± 2.3 7.6 ± 2.6 
1 One serving/day= 8 oz. of milk and 1.5 oz. cheese. 
2 Mean ± SD  
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Table 2. Baseline characteristics according to T2D outcome status. 

 
Outcome status 

 
T2D (n=172) No-T2D (n=1,451) 

Age (y) 40.0 ± 14.4 36.4 ± 15.3 
Female (%) 61.6 60.7 

   BMI (kg/m2) 35.7 ± 7.71 29.9 ± 6.9 
Fasting glucose(mg/dl) 103.2 ± 11.5 92.5 ± 9.4  
Insulin (µU/mL) 23.7 ± 19.9 14.1 ± 14.0 
HDL cholesterol 48.1 ± 13.3 53.1 ± 14.8 
Education (y) 12.4 ± 2.4 12.3 ± 2.1 
Pedometer (Steps/day) 5691.1 ± 4299.4 6467.5 ± 3957.4 

   Alcohol (%) 
      Never 11.1 11.2 

    Ever 33.7 24.6 
    Current 55.2 64.2 

   Smoking (%) 
      Never 40.1 41.6 

    Ever 25.0 20.3 
    Current 34.9 38.1 

   Total calories (kcal) 2450.0 ± 1273.6  2480.6 ± 1345.9 
Fruit & vegetables (servings/day) 3.7 ± 2.6  3.6 ± 2.5  
Processed meat (g/day) 38.7 ± 39.5  35.9 ± 35.2 
Unprocessed meat (g/day) 55.7 ± 57.6 60.2 ± 60.1 
Sugar sweetened beverages(SSB) (g/day) 503.8 ± 513.9 537.0 ± 517.7 
Other sources of fats (peanut butter, nuts, 
seeds)(g/day) 11.9 ± 21.8 14.7 ± 28.0 

   Total fat (% kcal) 38.8 ± 12.7 38.2 ± 6.9 
Saturated fat (% kcal) 11.8 ± 4.4 11.4 ± 2.2 
Trans fat (% kcal) 1.6 ± 0.70 1.6 ± 0.57 
Total dietary fiber (g/1000kcal) 7.5 ± 2.3 7.2 ± 2.4 
1 Mean ± standard deviation (SD)   
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Table 3a. ORs (95% CIs) of T2D according to tertiles of high-fat dairy intake.1 

 Tertile 1 Tertile 2 Tertile 3 P-trend 
High-fat dairy intake (servings/1000 kcal)2 <0.05 0.05 to <0.18 ≥0.18 

 Median intake (IQR)  0.02 (0,0.03) 0.11 (0.08,0.14) 0.34 (0.25,0.51) 
  

No. of cases 65 54 53 
 Total no. at risk 541 541 541 
 

     Models 

Minimally adjusted3 1.0 0.83 (0.54,1.29) 0.82 (0.57, 1.20) 0.30 
Multivariate4 1.0 0.85 (0.55,1.31) 0.84 (0.57,1.21) 0.34 

Dietary factors5 1.0 0.81 (0.52,1.25) 0.69 (0.45,1.05) 0.08 
BMI6 1.0 0.83 (0.54,1.31) 0.76 (0.47,1.22) 0.25 

1Generalized estimating equations (GEE) were used to assess the association of dietary exposure and incident T2D. 
2 High-fat dairy group consisted of whole milk and cheese and cheese spreads. 
3 Model 1: Adjusted for age, sex, site, and total calories/day. 
4 Model 2: Additionally adjusted for education, physical activity (steps/day), smoking status, and alcohol consumption. 
5 Model 3: Additionally adjusted for processed and unprocessed meat intake, total fat, trans-fat, saturated fat, dietary fiber, 
other sources of fats (peanut butter, nuts, seeds), fruits & vegetables, and SSB intake.  
6 Model 4: Additionally adjusted for BMI. 

 
 
Table 3b. ORs (95% CIs) of T2D according to tertiles of low-fat dairy intake.1 

 Tertile 1 Tertile 2 Tertile 3 P-trend 
Low-fat dairy intake (servings/1000kcal)2 0 0 to <0.13 ≥0.13 

 Median intake (IQR)  0 (0,0) 0.04 (0.02,0.08) 0.40 (0.24,0.70) 
  

No. of cases 61 48 63 
 Total no. at risk 646 426 551 
 

     Models 
Minimally adjusted3 1.0 1.18 (0.80,1.72) 1.32 (0.92,1.89) 0.12 
Multivariate4 1.0 1.18 (0.79,1.75) 1.34 (0.93,1.94) 0.11 
Dietary factors5 1.0 1.26 (0.85,1.89) 1.29 (0.89,1.88) 0.16 
BMI6 1.0 1.03 (0.69,1.54) 1.08 (0.73,1.61) 0.68 

1 Generalized estimating equations (GEE) were used to assess the association of dietary exposure and incident T2D. 
2 Low-fat dairy group consisted of 2% milk, 1% milk, non-fat milk, and low-fat cheese & cheese spreads. 
3 Model 1: Adjusted for age, sex, site, and total calories/day. 
4 Model 2: Additionally adjusted for education, physical activity (steps/day), smoking status, and alcohol consumption. 
5 Model 3: Additionally adjusted for processed and unprocessed meat intake, total fat, trans-fat, saturated fat, dietary fiber, 
other sources of fats (peanut butter, nuts, seeds), fruits & vegetables, and SSB intake.  
6 Model 4: Additionally adjusted for BMI. 
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