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Abstract
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Diet modification to alter the course of age-related cognitive decline is becoming increasingly
important. Few observational findings suggest that dairy food intake may be positively related to
cognitive function, but research in this novel area is limited. The aim of this study was to
investigate whether dairy food intake is associated with cognitive function, before and after
adjustment for cardiovascular, lifestyle and dietary factors. To do this, a cross-sectional analyses
of a subset of the community-based Maine-Syracuse Longitudinal Study (MSLS) sample (N =
972) was undertaken. It was determined that participants who consumed dairy products at least
once per day had significantly higher scores on multiple domains of cognitive function compared
with those who never or rarely consumed dairy foods, adjusting for cardiovascular risk factors,
lifestyle and dietary factors. Frequent dairy food intake is associated with better cognitive
performance but underlying causal mechanisms are still to be determined.

1. Introduction
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As the population ages, cognitive decrement and dementia, are not only of great burden to
sufferers and their families, but place increasing strain on the health care system. Moreover,
decrements in cognition in non-demented individuals represent a risk factor for the
development of dementia later in life (Elias et al., 2000). Easily implemented lifestyle
changes that individuals can make present an opportunity to slow or prevent
neuropsychological dysfunction.
Diet modification is one such change that may ultimately aid in the prevention of age-related
cognitive impairment and decline (Bryan, 2004; Solfrizzi, Panza, & Capurso, 2003). Dairy
foods are one component of the diet that have received little attention in relation to
cognition, despite accumulating evidence that these foods may be of benefit to
cardiovascular health. Dairy food consumption may have advantageous effects on body
weight (Major et al., 2008; Zemel, 2005; Zemel et al., 2009), blood pressure (Azadbakht,
Mirmiran, Esmaillzadeh, Azizi, & Azizi, 2005b; Steffen et al., 2005; Wang, Manson,
Buring, Lee, & Sesso, 2008), type 2 diabetes (Choi, Willett, Stampfer, Rimm, & Hu, 2005;
Liu et al., 2006) and the metabolic syndrome (Azadbakht, Mirmiran, Esmaillzadeh, & Azizi,
2005a; Azadbakht et al., 2005b; Elwood, Pickering, & Fehily, 2007; Lutsey, Steffen, &
Stevens, 2008; Mennen et al., 2000; Pereira et al., 2002), all of which are cardiovascular
disease (CVD) risk factors that increase the likelihood of cognitive dysfunction (Waldstein
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& Elias, 2001). Imparting beneficial change in cardiometabolic health may therefore be the
primary mechanism by which dairy foods reduce the risk for cognitive decline.
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The literature in this novel area to date consists of a small collection of observational studies
where relationships between dairy food intakes and cognition have not been the primary
focus. Our recent systematic review of the literature (Crichton, Bryan, Murphy, & Buckley,
2010a) identified eight observational studies that have reported on associations between
dairy food intake and cognitive function (Almeida, Norman, Hankey, Jamrozik, & Flicker,
2006; Avila-Funes, Garant, & Aguilar-Navarro, 2006; Eskelinen et al., 2008; Laitinen et al.,
2006; Lee et al., 2001; Rahman, Sawyer Baker, Allman, & Zamrini, 2007; Vercambre,
Boutron-Ruault, Ritchie, Clavel-Chapelon, & Berr, 2009; Yamada et al., 2003). The
findings have been consistent and suggest some benefit from the consumption of dairy food.
Greater intakes of milk or dairy products have been associated with better general cognitive
function (Lee et al., 2001), and decreased likelihood for vascular dementia (Yamada et al.,
2003) and cognitive impairment (Rahman et al., 2007). In contrast, the consumption of
whole-fat dairy products may be associated with poorer cognitive function in the elderly
(Almeida et al., 2006; Eskelinen et al., 2008; Laitinen et al., 2006; Vercambre et al., 2009).
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Despite the small number of studies investigating relationships between dairy food intake
and cognition, the findings have been consistent and support a previous cross-sectional study
in a community-based sample of over 1000 Australian adults (Crichton, Murphy, & Bryan,
2010b). In this study, low fat yoghurt intake was positively associated with memory recall
and social functioning in men, while low fat cheese intake was positively associated with
social functioning and negatively associated with stress in women. The consumption of
whole-fat dairy products, including ice-cream and cream, were associated with higher levels
of self-reported anxiety, stress, and depressed mood, and poorer memory functioning.
However, cognitive performance and psychological well-being were assessed via selfreported measures; neuropsychological testing was not conducted. A review of the literature
on dairy products and cognitive function indicates a need for studies on cognitive
performance and dairy consumption in community-based samples which take into account
more variables that may confound relations between dairy product consumption and
cognition (Crichton et al., 2010a).
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In the present study we examine relations between dairy food intake and cognitive function
in a community-based, dementia-free population. We expand upon the current literature by
utilizing a thorough, standardized neuropsychological test battery to assess cognitive
performance in adults across the life span. Additionally, we examine these relationships
before and after adjustment for CVD risk factors, dietary and lifestyle variables that impact
upon cognition. We hypothesize that those with higher intakes of dairy products will have
better cognitive outcomes, and that the magnitude of these relations will be attenuated by the
addition of CVD, lifestyle or dietary factors.

2. Methods
2.1. Participants
Participants were obtained from the Maine-Syracuse Longitudinal Study (MSLS), a
community-based study of CVD risk factors and cognitive functioning in adults (Dore,
Elias, Robbins, Budge, & Elias, 2008; Elias et al., 2006, 2009b; Robbins, Elias, Elias, &
Budge, 2005). The MSLS consists of five cohorts defined by time of entry into the study
(1975–2000). At initial recruitment, participants were living independently in Syracuse, NY,
and surrounding communities within driving or public transportation distance of the study
laboratory, and were recruited for studies of blood pressure and cognition from public
advertisements in the local print media, flyers and posters, and presentations of the project to
Int Dairy J. Author manuscript; available in PMC 2014 January 19.
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civic groups and churches. The only exclusions at recruitment were diagnosis or treatment
for psychiatric illness, alcoholism, and inability to read and see sufficiently to comprehend
instruction, or comply physically with required testing procedures.
Data were collected from self-report (paper and pencil inventories) medical examinations,
diagnostic interviews, health records, and neuropsychological testing. The data for the
present study were taken from subjects returning for the sixth (2001–2006) study wave as
dietary intake measures were first obtained at this examination. The MSLS was approved by
the University of Maine Institutional Review Board, and informed consent for data
collection and medical record review was obtained from all participants. This specific use of
the de-identified MSLS data was also approved by the University of South Australia Human
Ethics Committee.
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Beginning with a sample of 1049 individuals, participants were excluded for the following
reasons: missing dietary or cognitive data (n = 34), acute stroke (n = 28), probable dementia
(n = 8), undertaking dialysis treatment (n = 5), inability to read English (n = 1), and prior
alcohol abuse (n = 1), leaving 972 participants. Dementia cases were excluded due to the
few numbers and the dramatic influence on cognition. We were interested in examining
relationships between diet and cognitive performance, but not in those with severe cognitive
impairment. The clinical diagnosis of dementia was determined by committee using the
National Institute of Neurological and Communicative Diseases and Stroke/Alzheimer's
Disease and Related Disorders Association (NINCDS-ADRDA), using MSLS cognition
data, diagnostic records, and medical interview data (McKhann et al., 1984). Stroke was
defined as a focal neurological deficit of acute onset persisting for more than 24 h, was
based on self-report or medical records, confirmed by hospitalization, record review or both.
The final sample with complete wave 6 data for cross-sectional analyses comprised 399
males and 573 females, aged 23–98 years.
2.2. Procedure and assessment
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Participants completed the Centre for Epidemiologic Studies Depression Scale (CES-D)
(Radloff, 1977), the Nurses’ Health Study Activity Questionnaire (Wolf et al., 1994), and
the Nutrition and Health Questionnaire (Kaaks & Riboli, 1997) within two weeks prior to
their laboratory visit. At this visit, all questionnaires were checked for completion and for
any updates, corrections or changes the participant wished to make. Participants then
underwent a blood draw by a licensed phlebotomist, following an overnight fast. Our
standard assay methods have been previously described (Elias et al., 2006, 2008). After a
light breakfast, including decaffeinated tea or coffee, participants underwent a physical
examination (measures of activity, walking, standing, turning), cognitive testing and medical
interview. Automated blood pressure measures (GE DINAMAP 100DPC-120XEN, GE
Healthcare) were taken five times each in reclining, sitting and standing after a supine rest
for 15 min, with a five minute rest between each set of measures. Hypertension was defined
as blood pressure ≥ 140/90 or treated for hypertension. Waist circumference (in centimetres)
was taken over light clothing, using a non-extendable measuring tape, at the level of the iliac
crest. Prevalent CVD was based upon self-reported history of coronary artery disease,
myocardial infarction, congestive heart failure, transient ischaemic attack, or angina
pectoris, confirmed by medical records.
2.2.1. Cognitive function—The MSLS neuropsychological test battery has been used in
numerous studies assessing health variables and cognition (Dore et al., 2008; Elias et al.,
2006, 2009a, 2009b; Robbins et al., 2005). The dependent variables in this study were the
following composite scores: Visual–Spatial Memory and Organization composite, Scanning
and Tracking composite, Verbal Episodic Memory composite, Working Memory composite,

Int Dairy J. Author manuscript; available in PMC 2014 January 19.
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Executive Function composite, Global composite and the following individual tests:
Similarities, a measure of abstract reasoning (Lezak, Howieson, & Loring, 2004), and the
MMSE (Mini-Mental State Examination). The derivation of these composites has been
described previously (Elias et al., 2006) and they have been repeatedly utilized in MSLS
studies. The MMSE (Folstein, Folstein, & McHugh, 1975), a global measure of mental
status was added because of its wide use in the literature. Table 1 summarizes the tests used
to define each composite and the latent variables measured. Following the MSLS protocol
(Elias et al., 2009b), raw test scores making up the composites were transformed to z-scores,
added, and re-standardized, resulting in a mean of zero and a standard deviation (SD) of
1.00 for each test and enabling all performance measures to be expressed in the same unit of
measurement (SD units). The composite score was also expressed in z-score units.
2.2.2. Dietary intake—The Nutrition and Health Questionnaire (Kaaks & Riboli, 1997)
was designed for use in the European Prospective Investigation into Cancer (EPIC) (Kaaks
& Riboli, 1997; Riboli & Kaaks, 1997). There are 41 questions about dietary intake and
lifestyle, including smoking history, physical activity (at work, home, and recreational),
living situation, marital status, medical history, self-reported health, and medication and
supplement use.
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The first one-half of the questionnaire forms the dietary component. It questions participants
about their frequency of consumption of meat, fish, dairy products, eggs, breads, cereals,
and beverages including tea, coffee, carbonated drinks, water, fruit juice, and alcohol. A list
of 37 foods follows, including fruit and vegetables, rice and pasta, dairy foods, meats and
fish, chocolate, nuts, and other snack-type foods. Participants were required to stipulate how
frequently they consume each food, with six response options: never, seldom, once a week,
2–3 times a week, 5–6 times a week or once or more a day. Dairy products included were
milk, cheese, yoghurt and dairy desserts (grouped together), ice-cream and cream (grouped
together), and total dairy foods. Milk was the only dairy food for which participants were
asked to stipulate the type consumed in terms of fat content (whole fat, reduced fat, skim).
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The median score within each response option was used to estimate total intakes per week;
for example, 2–3 times per week was estimated at 2.5. The mean number of times each food
was consumed on a weekly and then daily basis was calculated for all foods in the
questionnaire. As portion sizes were not stipulated to participants, these totals are an
estimate of the number of times each food was consumed on a daily basis. Individual foods
were categorized into five major food groups (in addition to dairy products) – grains, fruits,
vegetables, protein foods, and fats/sweets/other – based on the USDA Food Guide Pyramid
(United States Department of Agriculture, 2011). Intakes of individual foods and beverages
within each food group were summed to give an estimate of total intake for each group. An
estimation of total energy intake was calculated by adding intakes of all food groups, and
was used to control for energy intake in subsequent analyses. The primary predictor variable
in this study was total dairy food consumption.
2.3. Statistical analyses
Data were analyzed with SPSS (Version 18, Chicago, IL, USA). Preliminary analyses
involved a comparison between participants who consume dairy products at least once per
day and participants who consume dairy products less frequently with respect to
demographic and health characteristics. T-tests were used to conduct most of these
comparisons of demographic and health characteristics. Chi-square tests were used to test
differences with regard to prevalent CVD, diabetes, hypertension, metabolic syndrome, and
medication use. Analysis of covariance (ANCOVA) was used to compare dietary intakes
between the groups, controlling for energy intake by including this as a covariate.

Int Dairy J. Author manuscript; available in PMC 2014 January 19.
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For the primary analysis, univariate ANCOVA with polynomial trend analyses was used to
compare cognitive outcomes across increasing intakes of dairy food consumption, ranging
from never/seldom, to at least once per day. Total dairy food intake, and intakes of
individual dairy foods (milk, cheese, yoghurt and dairy desserts, cream and ice-cream), were
examined in relation to each measure of cognitive performance. As we are interested in the
relationship between dairy intake and cognitive performance, all covariates included in the
analyses were significantly related to dairy intake and cognitive outcomes. The covariates
included were organized into two models: (1) basic set: included age, gender, and education,
and (2) cardiovascular/lifestyle/dietary set: included variables in the basic set plus prevalent
CVD (yes/no), hypertension (yes/no), waist circumference (cm), self-reported smoking
behaviour (cigarettes smoked per week), alcohol consumption (grams per week), depressive
symptoms (CES-D raw score), serum folate (ng dL–1), plasma homocysteine (μmol L–1),
and estimated energy intake (total daily intakes of all food groups as previously described).
As males had a significantly higher total energy intake than females, this was included in the
extended model to control for overall dietary intake. Analyses were adjusted in a sequential
manner for the basic and cardiovascular/lifestyle/dietary covariate sets. The variables within
each model were entered simultaneously and all possible contrasts were performed between
dairy food intake categories. Adjustment for multiple comparisons among treatment groups
were made using the SPSS Bonferroni test and adjusted p values are given (alpha = .05/
number of contrasts). Moreover, omnibus tests of differences among treatment groups,
linear and quadratic trends, were done prior to contrasts between specific groups. With
respect to multiple contrasts involving dependent variables, the composite score involving
all measures was significant in all cases where further analyses were done using individual
composite scores or test measures.
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Multivariable logistic regression analyses (SPSS) were undertaken to determine odds ratios
associated with performing in the lowest quartile of cognitive scores across categories of
dairy food intake, with the lowest category (never/seldom eat dairy food) as the reference
group. The same covariate models were used in these analyses.

3. Results
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Table 2 describes the self-reported frequency of consumption of milk, cheese, yoghurt and
dairy desserts, cream and ice-cream, and total dairy food. Over one-third of the sample
(37.4%) reported eating dairy food at least once per day. Slightly over half of the sample
(52.5%) reported eating dairy foods between two and six times per week. The remaining
participants (10.1%) reported eating dairy foods no more than once per week. For individual
foods, cheese was most often consumed between two and four times per week. Yoghurt,
dairy desserts, cream and ice-cream were consumed infrequently, with approximately half of
participants never or rarely consuming these foods. Milk intake included milk on cereal and
in other beverages such as tea and coffee. Nearly one-third of the sample reported drinking
at least 600 mL of milk on a daily basis, which based on a 250 mL serve, represents just
over two serves per day. A similar proportion of the sample consumed less than 150 mL
day–1, with the remaining participants (39.6%) drinking between 150 and 450 mL day–1. Of
those that drank milk, the majority reported drinking skim or reduced fat milk (80%).
Table 3 compares the demographic and health characteristics, and dietary intakes, of
participants who reported consuming dairy food at least once per day (37.4%), with those
who consume dairy less frequently than this (62.6%). Those who reported consuming dairy
food at least daily had a slightly higher number of years of education, smoked less and had a
smaller mean waist circumference compared with those who did not consume dairy food on
a daily basis (all p < .05). The less frequent consumers of dairy products had a significantly
greater number of depressive symptoms, lower folic acid levels, higher homocysteine
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concentrations, and more prevalent CVD and hypertension. Controlling for total intake from
the major food groups (grains, fruit, vegetables, protein foods, other/fats/sweets), those who
consumed dairy food on a daily basis ate significantly more vegetables, but consumed fewer
grains, fats or sweets, and alcohol.
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Associations between cognitive performance across increasing intakes of dairy food are
displayed in Table 4. As can be seen, a significant linear trend for cognitive outcome scores
was observed across increasing dairy food intake groups for all eight cognitive measures in
the basic model (quadratic trend not significant). The highest scores for all eight cognitive
outcomes were observed for the highest dairy product consumers. Fig. 1 shows this linear
increase in scores across increasing dairy food intake categories for the Global Composite
and MMSE scores (basic model). With the addition of cardiovascular, lifestyle and dietary
factors, the significant linear trend remained for all outcome measures with the exception of
the Executive Function composite. Contrasts performed between categories of intake
showed those who consumed dairy foods at least five to six times per week or daily, had
significantly higher scores on the Global and Visual–Spatial Memory and Organization
composites than those who never/seldom ate dairy foods, or ate dairy foods once per week.
The highest two intake groups also performed significantly better on Verbal Memory and
Similarities compared with those who ate dairy foods once per week, and had higher MMSE
scores than those who never/seldom ate dairy foods (basic model). Daily consumers of dairy
foods also performed significantly better than those who ate dairy foods only once per week
on the Executive Function and Scanning and Tracking composites.
Significant differences were also observed between moderate and low dairy food consumers.
Those who reported eating dairy foods on between two and four occasions per week
performed significantly better than those who ate dairy foods once per week on the Global
and Visual–Spatial Memory and Organization composite, and the Similarities test, and
significantly better on the MMSE compared with those who never/rarely ate dairy foods.
In the extended model, the significant differences observed between moderate to high dairy
food consumers with those who consumed dairy food infrequently remained, with the
exception of Executive Function. Those who consumed dairy food at least daily had
significantly higher scores than those who either never or rarely consumed dairy food (for
Global, Visual–Spatial Memory and Organization, and MMSE), or ate dairy food once per
week (Verbal Memory, Scanning and Tracking, Similarities). The results show that daily
consumers of dairy products had scores of up to .5 SDs higher than the lowest consumers
(extended models).
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There were no significant associations found between increasing intake categories for
specific dairy foods (milk, cheese, yoghurt and dairy desserts, cream and ice-cream) and
cognitive outcomes. Those who drank skim or reduced fat milk (75.8% of total sample) had
significantly higher scores on the Similarities test and the MMSE than drinkers of whole-fat
milk (6.7% of total sample; p < .01), but this difference was no longer statistically
significant after controlling for age, education and gender.
Table 5 summarizes the results from the logistic regression analyses. Those who consumed
dairy foods at least daily exhibited significantly lower odds ratios of performing in the
lowest quartile of scores on the Global, Visual–Spatial Memory and Organization, Working
Memory, and Executive Function composites, the Similarities test, and the MMSE, even
after adjustment for demographics, cardiovascular risk factors, lifestyle and dietary factors.
Odds ratios for poor performance on the Global, Working Memory, and Executive Function
composites, the Similarities test and the MMSE were also significantly lower for those who
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consumed dairy foods at a minimum of twice per week, compared with those who never or
rarely ate dairy food.
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4. Discussion
Dairy product intake was positively associated with cognitive performance across a range of
cognitive domains in this dementia-free, community-dwelling population. With adjustment
for demographic, cardiovascular, lifestyle and dietary factors, cognitive performance scores
increased linearly across increasing categorical levels of dairy food intake for seven out of
eight outcome measures. These results, together with findings from other observational
studies (Crichton et al., 2010b; Lee et al., 2001; Rahman et al., 2007; Yamada et al., 2003),
support an association between high dairy food consumption and cognitive function.
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The overall intakes of dairy food in this sample were low. According to self-reported
intakes, 62.6% of the sample did not consume dairy food on a daily basis. Approximately
10% reported consuming dairy food no more than once per week. These people are therefore
not meeting the current recommended daily intakes of two to three servings of dairy
products per day (United States Department of Agriculture, 2011). These low consumption
patterns are consistent with intakes in other parts of the world. In the United Kingdom, milk
consumption has fallen by 33% over the past 25 years (Elwood, 2005), while a recent study
of Australian adults found that 78% did not meet the Australian Dietary Guidelines
recommendation of two to three serves of dairy foods per day (Crichton et al., 2010b).
In the United States, the decrease in milk consumption (Beydoun et al., 2008) has coincided
with a dramatic increase in soft drink consumption (French, Lin, & Guthrie, 2003; Harnack,
Stang, & Story, 1999; Rampersaud, Bailey, & Kauwell, 2003), with soft drinks being the
single largest contributor to energy intake in the US population during the last decade
(Block, 2004). Children and adolescents who consume the most soft drink have been shown
to consume less milk (8 ounces or 237 mL, equating to less than one serve) per day,
compared with non-consumers of soft drink (Harnack et al.,1999). This shift in dietary
patterns is alarming with regard to the quantity of energy consumed, risk for excess weight
gain and obesity, and inadequate nutrient intake.
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Consistent with this dietary pattern in children, our data in an adult population suggests that
low dairy food consumers may engage in other less healthy lifestyle and dietary habits, and
that this is one possible explanation of their poorer performance aside from missing the
positive aspects of dairy food consumption. The group of participants who never or seldom
ate dairy food in this sample consumed more alcohol, and ate significantly fewer vegetables
than those who ate dairy on a daily basis. The lowest dairy food consumers consumed more
fats/sweets, but they did not differ from the highest dairy food consumers with respect to
plasma levels of high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL)
cholesterol, or total cholesterol. There was no evidence suggesting protein deficiency
associated with vegan practices in those who did not consume dairy food as this group
consumed meat, chicken, eggs and fish in the same amounts as did participants who fell in
the other dairy food intake categories. With regard to lifestyle factors, the highest dairy food
consumers smoked significantly less than their low dairy counterparts, and self-reported
more physical activity. It may the collective effect of an unhealthy lifestyle and poor diet
which is having a negative influence on cognitive performance in those with minimal dairy
product intakes. Statistically significant differences in these lifestyle and dietary habits were
adjusted for in the various regression analyses performed.
The accumulated impact of multiple factors, including lifestyle and dietary choices, are
reflected in cross-sectional data up to that point in time. However, little is known from the
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literature about how dairy foods may influence cognition. One possibility is that dairy food
consumption may benefit cognitive status via its favourable effect on cardiovascular risk
factors linked with increased probability of cognitive impairment. Obesity, type 2 diabetes,
hypertension, and dyslipidemia have been frequently associated with poorer performance
across a range of cognitive abilities (Dore et al., 2008; Elias, Elias, Sullivan, Wolf, &
D'Agostino, 2003, 2005; van den Berg, Kloppenborg, Kessels, Kappelle, & Biessels, 2009).
Pathological changes in the brain, e.g., white matter lesions, associated with these vascular
disease states are also common to cognitive impairment (Akisaki et al., 2006; Breteler et al.,
1994; Rabbitt et al., 2007; Soderlund et al., 2006; Tiehuis et al., 2008; Verdelho et al., 2007;
Wright et al., 2008).
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Evidence for a beneficial effect on weight and fat reduction by calcium and dairy foods
(Teegarden, 2005; Zemel, 2004, 2005; Zemel et al., 2009) has been provided in
epidemiological studies, animal studies and a small number of randomized trials. This
beneficial effect may be assisted by bioactive compounds derived from whey protein in
dairy foods (Luhovyy, Akhavan, & Anderson, 2007; Teegarden, 2005; Zemel, 2004, 2005).
Vitamin D in dairy may improve insulin sensitivity and glucose homeostasis through its role
in the regulation of calcium homeostasis (Teegarden & Donkin, 2009; von Hurst,
Stonehouse, & Coad, 2010). Phosphorus and magnesium may play a role in blood pressure
regulation (Alonso et al., 2010; Sontia & Touyz, 2007). Magnesium, in addition to its
antioxidant and anti-inflammatory properties (Weglicki et al., 1996), assists in glucose
homeostasis (Ma, Lawson, Liese, Bell, & Mayer-Davis, 2006; Saris, Mervaala, Karppanen,
Khawaja, & Lewenstam, 2000) and so may help reduce cholesterol and triglycerides (Singh,
Rastogi, Sharma, Saharia, & Kulshretha, 1990), and improve diabetes control.
Importantly, the association between greater dairy food consumption and better cognitive
performance remained significant after adjustment for a number of cardiovascular risk
factors, including CVD prevalence, hypertension and waist circumference. The strengths of
these relationships were modestly attenuated with the addition of these covariates suggesting
that they play a role but do not explain entirely associations between dairy food intake and
better cognitive functioning.
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Several limitations in the present study are acknowledged. Our data are cross-sectional and
the dietary questionnaire used has a number of limitations. We were unable to obtain an
accurate indication of the quantity of food consumed on each occasion. Participants were
asked ‘how often do you eat the following foods?’, but not questioned as to portion or
serving sizes. This undoubtedly limits the accuracy of the estimated intakes of all foods and
beverages as quantities are likely to differ substantially amongst individuals as well as the
same individual on different occasions. The range of responses to indicate how often a food
is consumed was limited in the high intake range. We were therefore unable to determine the
specific number of times participants consumed dairy foods beyond ‘once or more a day’.
Participants in the present study were not required to stipulate the fat content of the dairy
food that they consumed (with the exception of milk). We were therefore unable to assess
whether fat content was a relevant factor in the associations found, or compare our findings
to others who have shown such relationships (Almeida et al., 2006; Eskelinen et al., 2008;
Vercambre et al., 2009). The inherent errors involved in the self-reporting of health
measures should also be considered. Self-reported nutritional intake can lead to
underestimation or overestimation of true associations, and measurement at only one point
may not reflect long-term consumption patterns. The age range in the present study was
wide, but we adjusted for age in our statistical analytic procedures because we did not have
sufficient numbers of subjects to examine results for multiple age groups over a narrower
range of ages.
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The present study has a number of strengths. This is the first cross-sectional study that has
examined dairy food intake and cognitive performance using a standardized battery of
cognitive tests, and controlling for cardiovascular risk factors, in addition to lifestyle and
dietary factors. We have examined the relationship between dairy food consumption and
cognition in a large, community-based sample, not limited to the elderly. The majority of
studies to date exploring relations between dairy food intake and cognition have only used
short dementia screening measures, such as the MMSE as indices of cognitive performance.
The problems associated with using non-specific global screening tools to measure cognition
have been previously discussed (Crichton et al., 2010a). The assessment methods we have
used have enabled us to discriminate between effects on different cognitive domains. As we
have observed stronger results for some outcome measures than others, the importance of
using a thorough cognitive battery has been reinforced.

5. Conclusions
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In this study, frequent dairy food intake was associated with better cognitive performance.
Measurement of dairy food consumption needs to be specific in terms of type, fat content,
and quantity of intake. As brain disorders are most likely to impact upon more than a single
cognitive ability or behaviour, as in our study, cognitive function needs to be assessed with a
thorough neuropsychological test battery measuring a range of cognitive abilities. To
enhance our understanding of the possible association between dairy food and cognitive
function, longitudinal studies need to be done, with detailed assessments of both diet and
cognition at multiple time periods. Ultimately, well-controlled, long-term intervention trials
with a sufficient sample size representative of the population are needed.
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Fig. 1.

Cognitive z-scores for the global composite ( ) and Mini-Mental State Examination ( ) for
participants across increasing dairy food intake categories, ranging from never/seldom, to at
least one time per day.
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Table 1
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Description of the Maine-Syracuse Longitudinal Study neuropsychological test battery: cognitive composites,
included cognitive tests grouped according to factor analyses, and abilities assessed.
Cognitive domain

Tests included in domain

Cognitive ability measured

Global composite

Global composite of cognitive performance including all
domains

Verbal episodic memory

Logical memory immediate recall
a
Logical memory delayed recall
Hopkins Verbal Learning Test

a

Immediate memory, verbal recall
Delayed memory, verbal recall
Verbal learning and memory

c

Visual—spatial memory and
organization

Block design

c

Object assembly
Visual reproductions immediate
a
recall
a

Visual reproductions delayed recall
b
Matrix reasoning
Hooper visual organization
d
Trail making A
d
Trail making B

Scanning and tracking

NIH-PA Author Manuscript

c
Digit symbol substitution
b
Symbol search
c

Working memory

Digit span forward

c

Digit span backward

b
Letter-number sequence
Controlled oral word associations

Visual—spatial perception, organization and construction
Speed of visual—spatial organization
Immediate recall, visual memory, visual—spatial problem
solving
Delayed recall, visual memory, visual—spatial problem solving
Abstract reasoning, pattern recognition
Visual—spatial organization, some demands on executive
function

Visual scanning and tracking, concentration and attention
Complex visual scanning and tracking, executive function
Psychomotor performance
Visual processing speed

Attention, concentration
Attention, concentration, working memory
Working memory
Verbal fluency, executive function

Executive function

d
Trail making test B
Controlled oral word associations

Complex visual scanning and tracking, executive function
Verbal fluency, executive function

c
Similarities

—

Verbal intelligence, abstract reasoning

Mini-mental state examination

—

Global cognitive screening

a

Origin Wechsler Memory Scale — Revised.

b

Origin Wechsler Adult Intelligence Scale III.

c

Origin Wechsler Adult Intelligence Scale.

d

Origin Halstead—Reitan Neuropsychological Test Battery.
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Table 2

Self-reported intakes of cheese, yoghurt/dairy desserts, cream/ice-cream, total dairy food, and milk.
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Dairy product

Dairy food intake
Never/seldom

1 Time per week

2–4 Times per week

5–6 Times per week

≥1 Times per day

n (%)

n (%)

n (%)

n (%)

n (%)

Cheese

167 (17.2)

223 (22.9)

429 (44.1)

102 (10.5)

51 (5.2)

Yoghurt and dairy desserts

533 (54.8)

155 (15.9)

185 (19.0)

63 (6.5)

36 (3.7)

Cream and ice-cream

460 (47.3)

260 (26.7)

185 (19.0)

53 (5.5)

14 (1.4)

43 (4.4)

55 (5.7)

248 (25.5)

262 (27.0)

364 (37.4)

0–150 mL day–1

150 mL day–1

300 mL day–1

450 mL day–1

>600 mL day–1

328 (33.7)

115 (11.8)

205 (21.1)

65 (6.7)

259 (26.6)

a
Whole fat (7%)

27 (41.5)

9 (13.8)

15 (23.1)

1 (1.5)

13 (20.0)

a
Skim/reduced fat (80%)

230 (31.2)

92 (12.5)

143 (19.4)

55 (7.5)

217 (29.4)

a
Other (e.g., soy) (13%)

45 (37.5)

14 (11.7)

28 (23.3)

9 (7.5)

24 (20.0)

Total dairy food

Milk

a
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% From within milk group.
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Table 3

Demographic, health and dietary characteristics of sample, comparing those who consume dairy food at least
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once per day with those who consume less than this.
Parameter

a

Dairy food < 1 time per day (n = 608)

Dairy food at least 1 time per day (n = 364)

M

M

SD

p

*

SD

Age (years)

61.99

12.74

62.10

13.01

NS

Education

14.42

2.67

15.03

2.75

.001

Physical activity (MET hours per week)

17.88

24.04

21.84

33.53

NS

Smoking (cigarettes per week)

11.23

41.68

6.27

27.13

.043

Waist circumference (cm)

96.26

14.72

93.74

15.47

.012

29.46

5.85

29.05

6.13

NS

BMI (kg

m–2)

Total cholesterol (mmol L–1)

5.21

1.04

5.23

1.03

NS

HDL cholesterol (mmol

L–1)

1.38

.40

1.40

.39

NS

LDL cholesterol (mmol

L–1)

3.12

.88

3.12

.082

NS

1.62

1.22

1.61

1.35

NS

L–1)

Triglycerides (mmol

NIH-PA Author Manuscript

Systolic BP (mmHg)

131.26

21.63

130.18

21.65

NS

Diastolic BP (mmHg)

71.00

9.99

69.54

10.06

.028

8.08

7.31

6.74

6.02

.004

Folic acid (ng dL–1)

14.89

5.39

16.15

5.42

.001

Homocysteine (μmol L–1)

10.22

3.98

9.47

3.62

.002

Glucose (mmol L–1)

5.55

1.69

5.42

1.38

NS

b

Depression (CES-D)

n

% (of Total)

n

% (of Total)

p

**

Gender
Males

258

34.7

137

65.3

NS

Females

342

60.1

227

39.9

NS

c
CVD

98

10.1

41

4.2

.036

d
Diabetes

75

7.7

46

4.7

NS

389

40.0

209

21.5

.042

280

28.8

152

15.6

NS

Anti-hypertensive medication

313

32.2

171

17.6

NS

Cholesterol medication

174

17.9

92

9.5

NS

Diabetes medication

62

6.4

39

4.0

NS

e

Hypertension

f

Metabolic syndrome

NIH-PA Author Manuscript

M

SEM

M

SEM

Grains per day

3.90

.059

3.51

.076

.000

Fruit per day

1.61

.037

1.63

.048

NS

Vegetables per day

2.65

.042

2.86

.055

.004

Protein foods per day

2.01

.031

2.07

.041

NS

Other (fats/sweets) per day

2.72

.071

2.11

.092

.000

14.09

4.59

16.02

4.36

.000

Total all foods serves per day

g

Int Dairy J. Author manuscript; available in PMC 2014 January 19.

p

***

Crichton et al.

Page 18

Parameter

NIH-PA Author Manuscript

Alcohol (g per week)

Dairy food < 1 time per day (n = 608)

Dairy food at least 1 time per day (n = 364)

M

M

SD

30.22

3.64

39.48

SD
2.80

p

*

.046

a

Abbreviations are: BMI, body mass index; BP, blood pressure; CES-D, Centre for Epidemiologic Studies Depression Scale; CVD, cardiovascular
disease; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MET, metabolic equivalent; SD, standard deviation; SEM, standard error of
the mean. Statistical analyses are:
*

analysis of variance for continuous variables

**

chi square for categorical variables

***

analysis of covariance, controlling for total serves per day all food groups.

b

CES-D: higher score indicates greater number of depressive symptoms (Radloff, 1977).

c

CVD was defined as present if there was self-reported history of coronary artery disease, myocardial infarction, congestive heart failure, transient
ischaemic attack, or angina pectoris.
d

Diabetes was defined as fasting glucose level of ≥126 mg dL–1, or being treated with anti-diabetic medication.

e

Hypertension was defined as a BP ≥ 140/90 mmHg or active treatment for hypertension.

f
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Metabolic syndrome was defined according to Alberti et al. (2009).

g

Mean and SD.
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MMSE

a

Similarities

Executive function

Scanning tracking

Working memory

Verbal memory

–.481
–.467

Extended

–.270

Extended
Basic

–.314

–.055

Extended
Basic

–.049

–.145

Extended
Basic

–.130

–.217

Extended
Basic

–.204

–.319

Extended
Basic

–.303

–.403

Extended
Basic

–.417

Basic

.139

.142

.136

.135

.137

.134

.119

.118

.148

.144

.138

.137

.128

.126

.120

.119

SEM

–.243

–.278

–.559

–.591

–.278

–.322

–.255

–.262

–.168

–.204

–.324

–.349

–.434

–.436

–.389

–.418

M

.122

.126

.118

.119

.118

.118

.104

.105

.128

.127

.120

.120

.112

.112

.104

.105

SEM

1 Time per week (n = 55)

.050
.051

d

SEM
d

.055

c,d

.056
.058

d

.059

c
.060

.059

c
.009

–.001

–.042

.058

d

.056

.051

.049

.063

.060

.059

–.062

–.082

–.049

–.071

–.033

–.043

.026

.016

–.01
.057

.052

–.042

d

–.026

–.049

M

2–4 Times per week (n = 248)

c,d

.055

d

c
.098

c
.075

d
.068

.054

d

.006

.020

.020

.017

.047

.045

.063

.056

.057

.054

.054

.054

.054

.047

.048

.059

.058

.055

d

.040

.051

.051

.048

.048

SEM

c,d

.088

c,d

.078

c,d

.073

.061

M

5–6 Times per week (n = 262)

c,d

.041
.046

d
d

c
.075

c
.056

d
.126

.128

c,d

.080

.100

.096

.048

.049

.047

.046

.047

.041
.095

.051
d

.049

.048

.047

.044

.043

.041

.041

SEM

.047

.066

d
.053

d
.062

c,d
.106

c,d
.106

c,d

.105

.111

M

≥1 Time per day (n = 364)

Mean significantly different from 1 time/week group (analysis of covariance).

d

c
Mean significantly different from never/seldom group (analysis of covariance).

p

.000

.000

.000

.000

.086

.040

.007

.009

.034

.019

.001

.000

.000

.000

.000

.000

The models are: basic, values are mean z-scores ± SEM after adjustment for age, education, gender; extended, values are mean z-scores ± SEM after adjustment for age, education, gender, smoking,
alcohol, depression, CVD, hypertension, waist circumference, total serves all food groups/day, folic acid, plasma homocysteine. p is given for the linear trend.

b

MMSE, mini-mental state examination.

a

–.353

Extended

Visual–spatial memory

–.350

Basic

Global

M

Never/seldom (n = 43)

Dairy food intake

b
Model

Cognitive outcome

Results of analysis of covariance, showing associations between cognitive performance across increasing intakes of dairy food (N = 972).
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Table 5
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Logistic regression analysis showing odds ratios (OR) and associated 95% confidence intervals (CI) for
performing in the lowest quartile of cognitive scores for persons with different dairy food intakes (never/
seldom eat dairy food is the reference group) and p values for differences between groups.
Cognitive outcome

Basic model

a

b

Extended model

OR

95% CI

p

OR

95% CI

p

1 Time per week

.56

.22, 1.40

.212

.60

.23, 1.58

.301

2–4 Times per week

.27

.13, .57

.001

.29

.13, .64

.002

5–6 Times per week

.19

.09, .40

.000

.20

.09, .45

.000

≥1 Time per day

.13

.06, .28

.000

.15

.07, .34

.000

1 Time per week

.89

.35, 2.23

.795

.96

.37, 2.53

.937

2–4 Times per week

.49

.23, 1.04

.063

.51

.23, 1.14

.100

5–6 Times per week

.40

.19, .85

.017

.44

.19, .98

.044

≥1 Time per day

.30

.14, .63

.002

.34

.15, .77

.009

Global

Visual–spatial memory

NIH-PA Author Manuscript

Verbal memory
1 Time per week

1.45

.61, 3.45

.405

1.35

.54, 3.38

.520

2–4 Times per week

.67

.33, 1.38

.275

.61

.29, 1.33

.215

5–6 Times per week

.54

.26, 1.12

.098

.48

.22, 1.05

.064

≥1 Time per day

.52

.25, 1.06

.071

.50

.23, 1.09

.082

1 Time per week

.69

.30, 1.62

.396

.61

.25, 1.49

.277

2–4 Times per week

.42

.21, .84

.014

.36

.17, .74

.006

5–6 Times per week

.39

.19, .78

.007

.36

.17, .75

.006

≥1 Time per day

.31

.15, .61

.001

.28

.13, .58

.001

Working memory

Scanning tracking
1 Time per week
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1.61

.59, 4.41

.355

1.37

.48, 3.96

.557

2–4 Times per week

.82

.36, 1.88

.634

.67

.28, 1.61

.374

5–6 Times per week

.91

.39, 2.09

.819

.84

.35, 2.01

.688

≥1 Time per day

.62

.27, 1.41

.253

.55

.23, 1.31

.176

1 Time per week

.92

.37, 2.25

.849

.82

.32, 2.09

.683

2–4 Times per week

.48

.23, .99

.049

.41

.19, .87

.021

5–6 Times per week

.38

.18, .80

.011

.36

.17, .79

.010

≥1 Time per day

.41

.20, .85

.017

.39

.18, .85

.017

Executive function

Similarities
1 Time per week

1.28

.54, 3.07

.575

1.31

.52, 3.30

.565

2–4 Times per week

.42

.20, .87

.019

.41

.19, .90

.026

5–6 Times per week

.35

.17, .73

.005

.33

.15, .73

.006

≥1 Time per day

.27

.13, .55

.000

.27

.12, .60

.001

MMSE
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Basic model

a

b

Extended model
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OR

95% CI

p

OR

95% CI

p

1 Time per week

.49

.21, 1.18

.113

.50

.19, 1.28

.147

2–4 Times per week

.47

.24, .95

.035

.44

.21, .94

.033

5–6 Times per week

.40

.20, .80

.010

.42

.20, .90

.026

≥1 Time per day

.33

.17, .66

.002

.35

.16, .75

.007

a

Basic model: age, education, gender.

b

Extended model: age, education, gender, smoking, alcohol, depression, CVD, hypertension, waist circumference, total serves all food groups/day,
folic acid, plasma homocysteine.
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