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4. Rationale: 

Cognitive impairment covers a large spectrum of clinical manifestations, from mild cognitive 

impairment (MCI) to dementia. The prevalence of dementia is estimated at 3.9% globally and at 

6.4% in the United States (1). The age specific prevalence of dementia in the United States 

doubles by every five years of age, from 1.5% in persons aged 60-69 years to 40% in those 90-

99. It is estimated that 16 million people in the US live with cognitive impairment, incurring 

substantial healthcare costs (2).  

 

There is at this point no effective pharmaco-therapy to delay the onset or halt the progression of 

cognitive decline, although elements of the lifestyle are under active investigation as factors that 

can influence brain plasticity and neurocognitive decline (1).  Recent studies suggest that 

oxidative stress may play an important mechanistic role in linking behavioral and environmental 

factors to neurocognitive impairment (1,3-5). Oxidative stress results form an imbalance of pro-

oxidants and antioxidants that leads to accumulation of reactive oxygen species (ROS). The brain 

is particularly vulnerable to oxidative damage due to its high metabolic activity and low 

antioxidant defense (1). Therefore, protection against oxidative stress is considered to be critical 

for delaying brain aging and preventing neurodegenerative disorders.  

 

Studies of dietary impact on cognition via oxidative stress have been few and inconclusive (6).  

D-galactose, a metabolic derivative of lactose that can generate ROS in a predictable fashion has 

been of particular interest. Based on extensive animal studies, a dose of D-galactose equivalent 

to 1-2 glasses of milk is sufficient has been studied in well-established animal models of aging. 

When administered subcutaneously for 5-7 weeks in mice D-galactose induces memory deficit, 

decrease the number of new neurons, and increase oxidative stress (7,8). High milk intake was 

associated with (higher) mortality in two large prospective studies in a population with low 

lactose intolerance, and with higher fracture incidence in women (8). Higher milk consumption 

has also been posited to influence the risk of certain cancers and of cardiovascular disease (9-11). 

 

No human studies have examined the association of milk intake, separately from other dairy 

products, with cognitive decline from middle age to old age in a large prospective cohort. 

Consideration of milk intake separately from other dairy products is salient since fermented dairy 

products like yogurt and cheese have little lactose and do not have the same oxidative properties. 

The few prospective studies that have examined milk intake separately from other dairy products 

reported contradictory results, but were heterogeneous in their methodological approaches. Some 

of the important limitations were small sample size, restriction to one gender group, restriction to 

White or Asian population, assessment of cognitive status at one point in time, and older 

populations at baseline (12-14).  

 

Milk intake is a widely prevalent, modifiable factor whose putative association with cognitive 

decline in adulthood deserves attention because of its high potential impact and public health 

relevance. The proposed study will measure the association of milk intake with cognitive decline 

in the Atherosclerosis Risk in Communities (ARIC) cohort. The cognitive assessment conducted 

in ARIC at three time points over the course of a 22-year follow-up, together with repeated 

measures of dietary intake provide an exceptional opportunity to estimate cognitive decline from 

middle age to old age in association with habitual intake of milk in adulthood. 

 



5: Main Hypothesis/Study Questions: 

 

Our goal is to examine the association of habitual milk intake with in the rate of cognitive 

decline form mid-life to late-life.   

Hypothesis: Milk intake is associated in a dose-dependent manner with the rate of cognitive 

decline. 

 

Conditional on rejecting the null hypothesis for an association between milk intake and cognitive 

decline, we will examine the association between milk intake and the risk of MCI and dementia. 

Hypothesis: Milk intake is associated in a dose-dependent manner with the risk of MCI and 

dementia.  

 

A further aim is to examine the association between low-lactose dairy products and the rate of 

cognitive decline form mid-life to late-life. 

Hypothesis: The reported intake of low-lactose/fermented dairy products is inversely 

associated with the rate of cognitive decline. 

 

Conditional on rejecting the null hypothesis for an association between low-lactose dairy intake 

and cognitive decline, we will examine the association between low-lactose dairy intake and the 

risk of MCI and dementia. 

Hypothesis: Low-lactose dairy intake is inversely associated in a dose-dependent manner with 

the risk of MCI and dementia.  

 

Based on reported associations between milk intake, oxidative stress and inflammation (8) and 

the cytokine measurements available on the ARIC cohort we further propose to examine the 

association between intake of dairy products and the pro-inflammatory molecules IL-1 and IL-6. 

Hypothesis: Milk intake is associated in a dose-dependent manner with circulating levels of 

IL-1 and IL-6. 

 

Exploratory aim: The reported intake of low-lactose/fermented dairy products is not associated 

with circulating levels of IL-1 and IL-6. 

 

6. Design and Analysis (study design, inclusion/exclusion, outcome and other variables of 

interest with specific reference to the time of their collection, summary of data analysis, 

and any anticipated methodological limitations or challenges if present). 

 

Study population 

The study population will include participants of The Atherosclerosis Risk in Communities 

Study (ARIC) prospective cohort who completed cognitive status assessments at Visits 2, 4 and 

5 as well as a dietary intake by FFQ at Visit 1 and Visit 3. Participants with a history of cancer, 

myocardial infarction, stroke, or heart failure at the Visit 2 baseline will be excluded.  

Individuals at the extremes of caloric intake distribution will also be excluded from the analysis. 



 

Assessment of milk intake 

Milk intake will be measured at Visit 1 and Visit 3 as the reported average number of glasses of 

milk per day. Intake of both low-fat/skim and whole milk will be treated as a combined 

exposure. Habitual intake will be estimated as the average of Visit 1 and Visit 3 reported intakes. 

 

Low lactose/fermented dairy products (fermented milk, yogurt, and cheese) will be measured as 

number of serving a day (1 serving = 1 cup of yogurt, or ½ cup of cottage cheese, or 1 slice of 

cheese). Habitual intake will be estimated as the average of Visit 1 and Visit 3 reported intakes.  

 

Assessment of cognitive decline 

Domain-specific and global cognitive decline will be assessed on the basis of performance on the 

following cognitive tests administered at Visit 2, Visit 4, and Visit 5:  Delayed Word Recall, 

Digit Symbol Substitution, and Word Fluency tests. Ascertainment of cognitive status (including 

MCI and dementia) at Visit 5 was based on change in cognitive performance measures, 

neuropsychiatric information, medical/family history, subjective memory, neurologic/physical 

examination/labs, imaging, and medication use. Probable dementia was also assessed by hospital 

and death certificate codes. 

 

Statistical analysis 

Characteristics of the study population will be presented by groups of milk intake (none, less 

then 4 glasses per week, 4 or more glasses per week). Average decline in cognitive test scores 

will be calculated by groups of milk intake (none, less then 4 glasses per week, 4 or more glasses 

per week). Milk intake will combine skim, low-fat and whole milk into one category. Low 

lactose dairy products will include intake of yogurt, cottage cheese, and cheese.  

 

Cognitive function will be assessed by three cognitive tests: the Delayed Word Recall Test, the 

Digit Symbol Substitution Test of the Wechsler Adult Intelligence Scale-Revised, and the Word 

Fluency Test. Comparison across cognitive tests will be done by calculating Z scores for each 

test standardized to visit 2. A composite global Z score will be calculated by using the average of 

the Z scores of the three tests, and standardized to visit 2 using global Z mean and global Z 

standard deviation. Latent growth modeling will be applied to examine change in cognitive 

performance (global and domain specific). A mixed effects model will be used to evaluate the 

association of milk intake with cognitive performance. Linear spline terms will be used with a 

knot at 6 years, corresponding to the time interval from visit 2 to visit 4. 

 

Logistic regression will be used to ascertain the odds of MCI and dementia among different 

intake groups. Covariates considered will be age, race, sex, ARIC study center, total energy 

intake, education, cigarette smoking (current, former, never), alcohol consumption (g/week), 

physical activity (Baecke`s physical activity score, leisure-related physical activity), bmi 



(kg/m
2
), pre-existing conditions (stroke, MI, HF, diabetes), total protein intake (quintiles), 

protein to carbohydrate ratio, and fat intake as omega-3 and omega-6 (quintiles).  

 

Analyses will be stratified by race with assessment of effect measure modification will be 

explored due to known differences in the frequency of lactose tolerance. The impact of attrition 

will be addressed using multiple imputation chained equations.  

 

A limitation of the study is the use of a short version of the Willett FFQ to assess habitual intake. 

This will be addressed by using quintiles of reported intake of protein, carbohydrates, and fat, 

rather than the absolute estimated amount. Another limitation is the considerable potential 

residual confounding by other dietary components. To address some of this confounding the 

model will be adjusted for those dietary factors that are known to have an association with 

oxidative stress (alcohol, protein, and fat intake), and the use of propensity scores based on a 

larger number of nutrients. 
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