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Abstract

Objective: Several studies have suggested that dairy food may reduce the risk of
obesity and metabolic abnormalities but few have been able to conclusively
demonstrate that it reduces the risk of diabetes. The aim of the present analysis
was to investigate if dairy food intake independently reduces the risk of diabetes.
Design: The Australian Diabetes Obesity and Lifestyle Study (AusDiab) is a
national, population-based, prospective survey conducted over 5 years. Baseline
measurements included a 121-item FFQ, anthropometrics and an oral glucose
tolerance test.

Setting: Forty-two randomly selected clusters across Australia.

Subjects: Adults aged =25 years who participated in the baseline survey and
returned to follow-up 5 years later.

Results: A total of 5582 participants with complete data were eligible for analysis,
209 of whom had incident diabetes. Compared with men in the first tertile of
dairy food intake, men in the third tertile had a significantly reduced risk of
developing diabetes after adjustment for age, sex, total energy intake, family
history of diabetes, education, physical activity, smoking status, fasting serum
TAG and HDL cholesterol, systolic blood pressure, waist circumference and hip

circumference (OR = 0-53, 95% CI 0-29, 0-96; P= 0-033). A similar non-significant Diubez(e‘:yn‘::a‘l’lzﬂj :
association was observed in women. Epidemiology

Conclusions: Dietary patterns that incorporate high intakes of dairy food may
reduce the risk of diabetes among men. Further investigation into the relationship
between dairy food intake and diabetes needs to be undertaken to fully understand
the potential mechanism of this observation.
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The prevalence of type 2 diabetes is increasing at an
alarming rate worldwide. The ageing of populations and
the effects of modernization of lifestyle are contributing
to this dramatic increase. It is estimated that 285 million
people worldwide had diabetes in 2010°”. This number is
expected to increase to 439 million by the year 2030, with
the majority of these cases being type 2 diabetes. This
represents a projected increase in the prevalence of
diabetes from 6+4% in 2010 to 7-7% by 2030°".

A number of epidemiological studies have suggested
that dairy consumption may have beneficial effects on
diabetes risk factors such as body weight, blood pressure
and insulin resistance™®®, leading to an increased interest
in research exploring directly the relationship between
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dairy food intake and diabetes risk. Some investigators
have suggested that lactose and protein in dairy products
enhance satiety, having a favourable impact on weight
loss®®, while others have suggested that Ca intake plays
a central role in any effects of dairy food”.

Several large prospective cohorts have shown an asso-
ciation between dairy intake (particularly low-fat products)
and incident self-report diabetes>™”. However, in the only
study to use objective measurements of baseline parameters
and of diabetes status (the Hoorn Study), no association
was seen between baseline dairy food intake and change in
blood glucose over 6 years®. Thus, uncertainty remains
over the existence and nature of a relationship between
dairy food intake and diabetes risk.

The Australian Diabetes, Obesity and Lifestyle Study
(AusDiab) included dietary assessment and objective
measures of diabetes status as well as measures of a wide
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range of potential confounders in a national, population-
based longitudinal study. It therefore provided an ideal
opportunity to examine the relationship between dairy
food intake and diabetes incidence.

Methods

The AusDiab baseline study methods and response rates
are described in detail elsewhere™. In brief, the baseline
study was a national, population-based survey of 11247
adults aged =25 years in 1999-2000. Over 85% of the
sample was from an Australian, New Zealand or British
background. A stratified cluster sample was drawn from
forty-two randomly selected census collector districts
across Australia. Information was collected using a brief
household interview, followed by a biomedical exam-
ination. Of the eligible adults, 70% completed the
household interview, and 55% of these completed the
baseline biomedical examination”. In 2004-2005, all
living eligible participants were invited to attend follow-
up. Those who were considered ineligible included those
who were deceased, had moved overseas or into a
nursing facility classified for high care, or had a terminal
illness. Among the 11005 eligible participants, 6537
returned for the 5-year follow-up at which the baseline
assessments were repeated; the response rate was 60 %.

Differences between follow-up attendees and people
who did not attend have been described previously™?.
Only those people with complete data for the variables of
interest and who did not have diabetes at baseline were
included in the present analyses (72 5582).

At baseline and follow-up, the protocol included ques-
tionnaires, anthropometric measurements and collection of
blood samples. All participants except for those currently
receiving treatment for diabetes or who were pregnant
underwent a standard 75g oral glucose tolerance test'V.
Blood was collected after an overnight fast (=9h). Serum
TAG, total cholesterol, LDL cholesterol and HDL cholesterol
(HDL-C) were measured by enzymatic methods (Olympus
AUG600 analyser; Olympus Optical Co. Ltd, Tokyo, Japan).
Blood pressure was measured using a Dinamap®  oscillo-
metric blood pressure recorder (GE Healthcare, Australia)
or a standard mercury sphygmomanometer with appro-
priate adjustments made as previously described'?. The
study was approved by the International Diabetes Institute
Ethics Committee.

Risk factors

Data on education, smoking, physical activity and family
history of diabetes were collected by an interviewer-
administered questionnaire. Education was classified
into four categories: (i) university/further education,
(i) completed secondary school, (iii) some secondary
school or (iv) primary school/never attended school.
Smoking history (current smoker, past smoker or never
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smoked) was collected using a questionnaire which has
been validated in Australian adults''®. Total leisure-time
physical activity reported for the previous week (none;
insufficient, 1-149 min/week; sufficient, =150 min/week)
was measured using the Active Australia questionnaire,
which is a standard instrument for population surveil-
lance”?. Family history of diabetes was defined as
mother or father being diagnosed as having diabetes.

Measurement of dairy food intake

Dietary information was collected using an FFQ designed
by the Cancer Council Victoria and self-administered by
participants at the local testing site. This questionnaire
enquires about dietary intake over the last 12 months*>.
Information on the amount or frequency of consumption
was collected on milk (full-fat, low-fat and skimmed),
cheese (hard, firm, soft, low-fat cheese, ricotta/cottage
cheese and cream cheese), yoghurt, ice cream and
flavoured milk. Dairy products classified as low-fat
included reduced-fat milk, skimmed milk, low-fat cheese,
ricotta cheese and yoghurt. Dairy products classified as
full-fat included full-fat milk, hard cheese, firm cheese,
soft cheese and cream cheese. Participants were asked to
select from ten frequency responses (‘never’ to ‘3 or more
times per day’) for each item on the FFQ except for milk,
where they were asked to report quantity of milk intake
per day (from ‘none’ to ‘3 cups or more’). Daily intakes of
each food were calculated using sex-specific standard
portion sizes derived from weighed food records and the
reported frequencies converted to daily equivalents.
From these data, intakes of nutrients, including energy
and Ca, were calculated using NUTTAB95 food compo-
sition data®. Daily number of servings of dairy products
was calculated from the estimated food intakes in grams,
using the following definitions: 1 serving of milk =250g,
1 serving of yoghurt = 200 g and 1 serving of cheese = 40 g.
Dairy food intake (in servings/d) was also categorized into
tertiles (see Table 1 for distribution). Dairy product intakes
were analysed as total dairy food (i.e. milk, cheese and
yoghurt together), as individual foods and in high-fat and
low-fat dairy categories. The focus of the analysis of indi-
vidual products was on milk, yoghurt and cheese, as these
products made up the bulk of dairy products consumed
by our study population. Ca intake was assessed from
all foods as indicated in the NUTTAB95 database. This
variable does not include Ca intake from supplements.

Statistical analysis
Incident cases of diabetes were defined as individuals
without diabetes at baseline but who had developed diabetes
at follow-up. At both baseline and follow-up, diabetes was
classified on the basis of fasting plasma glucose =7-0 mmol/1
or 2h post-load plasma glucose =11-1mmol/l or current
treatment with insulin or oral hypoglycaemic agents"'”.
Potential confounding factors included age, sex,
total energy intake, family history of diabetes, education,
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Table 1 Baseline characteristics according to diabetes status at follow-up: adults aged =25 years, the Australian Diabetes Obesity and

Lifestyle Study (AusDiab)

Diabetes status at follow-up

With diabetes (n 209)

Without diabetes (n 5373)

% or Mean or Median  sp or 25th, 75th %, Mean or Median  sp or 25th, 75th P value

Males (%) 50-7 44-9 0-09
Age (years) 55-7 121 50-6 12:5 <0-01
Age range (years) 26-83 25-88
Waist circumference (cm)

Males 103-8 11-2 96-4 10-5 <0-01

Females 92-5 14-7 83-7 12-4 <0-01
Hip circumference (cm)

Men 107-2 0-8 103-9 14-6 <0-01

Women 109-7 1-3 104-5 0-2 <0-01
Smoking status (%)

Current smoker 15-2 10-8 0-03

Ex-smoker 33-3 291

Never smoked 51-5 60-0
Education level (%)

Primary school/never attended school 11-0 39 <0-01

Completed some high school 38-3 34-9

Completed high school 18:7 18-9

University/further education 321 42-3
Level of physical activity (%)

Inactive (0 min/week) 20-8 14-9 <0-01

Insufficient (1-149 min/week) 377 30-7

Sufficient (=150 min/week) 41-5 54-4
Family history of diabetes (%) 30-1 17-7 <0-01
HDL cholesterol (mmol/l) 1-3 0-4 1-4 0-4 <0-01
TAG (mmol/l) 1.7 1-2,2:5 1-2 0-8,1-8
Hypertension (%)* 52-4 27-3 <0-01
Dairy food intake (servings/d)

Tertile 1 (0-1-2) (%) 42-6 326

Tertile 2 (>1-2-1-9) (%) 33-0 33-3

Tertile 3 (>1-9-5-8) (%) 24-4 34-0

Data are presented as percentage, or mean and standard deviation, or median and 25th, 75th percentile.
*Hypertension was defined as systolic blood pressure =140 mmHg or diastolic blood pressure =90 mmHg or reporting use of antihypertensive medication.

physical activity, smoking status, fasting serum TAG and
HDL-C, systolic blood pressure, waist circumference and
hip circumference™?.

Skewed variables (TAG, Ca) were log-transformed
before inclusion in regression models. In order to control
for FFQ that may not have been completed correctly
and therefore do not represent usual dietary intake,
the top and bottom 1% (sex-specific) of energy intake
were excluded (7 114). In order to control for outliers
or potential unrealistic intake of dairy food, individuals
with the top 1% (sex-specific) of dairy food intake
were excluded from the analysis (7 61) as has been
done in similar analyses’”. Medians were calculated on
consumers only.

Logistic regression analyses were performed to inves-
tigate the association between dairy food intake and the
incidence of diabetes. These associations were expressed
as odds ratios and 95 % confidence interval. Groups were
compared using the f test and a P value of <0-05 was
considered statistically significant.

Analysis was conducted using the STATA statistical
software package version 10-0 (Stata Corp, College
Station, TX, USA).
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Results

The response rate for the follow-up was 60-0% (6537 of
11 005). Compared with those who did not attend (72 4710),
attendees (n 6537) were significantly less likely to be
hypertensive, to have a lower level of education attainment
and to be smokers, and had lower 2h post-load plasma
glucose and smaller waist circumference at baseline”,
Of the 5842 attendees who were free of diabetes at
baseline, eighty-five did not complete a dietary ques-
tionnaire at baseline, leaving 5757 participants among
whom 220 cases of incident diabetes were observed. After
excluding participants in the top and bottom 1% of
energy intake and those in the top 1% of dairy intake,
5582 participants remained eligible for the analysis, among
whom 209 cases of incident diabetes were observed.
Table 1 describes the baseline characteristics of those who
developed diabetes over follow-up ». those who did not.
Table 2 shows that the intake of total dairy food was similar
between men and women. However, there were significant
differences between men and women with regard to
individual dairy food groups, such that women were more
likely than men to consume low-fat milk and yoghurt.
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Table 2 Median and 25th, 75th percentile of total dairy and individual dairy food intakes and proportion of the
population with zero intake: adults aged =25 years, the Australian Diabetes Obesity and Lifestyle Study (AusDiab)

Men Women
Dairy food (g) Median  25th, 75th % with zero intake = Median  25th, 75th % with zero intake P*
Total dairy 346 346, 408 0-6 351 217, 430 0-7 0-67
Total milk 254 200, 376 10-4 313 200, 376 116 0-83
Low-fat milk 313 200, 375 52-1 375 200, 375 39-3 0-01
Full-fat milk 200 200, 375 55-8 200 200, 375 68-8 0-06
Yoghurt 20 3,73 35-3 41 10, 73 18-4 <0-001
Cheese 11 6, 20 7-5 14 6, 22 5-9 0-18

*P value is for the difference in median intake between men and women for all participants. Presented medians were calculated for
consumers only.

Table 3 The association between total dairy food intake (servings/d) and the incidence of diabetes over 5 years: adults
aged =25 years, the Australian Diabetes Obesity and Lifestyle Study (AusDiab)

Men Women Total
OR* 95% Cl OR* 95 % Cl OR* 95% ClI
Tertile 1 1-00 Ref. 1-00 Ref. 1-00 Ref.
Tertile 2 0-98 0-62, 1-56 0-79 0-48, 1-33 0-90 0-64, 1-27
Tertile 3 0-53 0-29, 0-96 0-86 0-50, 1-45 0-71 0-48, 1-05

*Odds ratios from logistic regression models of diabetes and dairy intake adjusted for age, sex (for total population only), energy intake,
family history of diabetes, education level, level of physical activity, smoking status, TAG, HDL cholesterol, systolic blood pressure,

waist circumference and hip circumference. Only those with complete data were included in these analyses (n 5582).

We observed that an increased total baseline dairy food
intake was associated with a significantly reduced risk of
developing diabetes in men (Table 3; adjusted OR = 0-53,
95% CI 0-29, 0-96 for third ». first tertile; P= 0-033). For
women, dairy intake was also associated with reduced
risk of diabetes (albeit at a lower magnitude than men),
but this did not reach statistical significance (Table 3;
adjusted OR = 0-86, 95% CI 0-45, 1-45 for third v. first
tertile; P=0-516). When we additionally adjusted for Ca
intake this relationship was not attenuated (data not
shown). Further adjustment for fibre intake had little
impact on most results, but the odds ratio for incident
diabetes for the third dairy tertile in the whole population
was strengthened and became marginally significant
(OR =067, 95% CI 0-45, 0-995; P= 0-047). Examination
of the types of dairy food consumed indicated that the
benefit associated with total dairy intake in men was
predominantly driven by the effects of low-fat milk and
cheese (Table 4). There was a decreased risk of diabetes
in the third tertile compared with the first tertile of low-fat
milk intake in both men and women, although this was
significant only in the total population (Table 4). Further
adjustment for fibre intake in models for individual dairy
items such as low-fat milk, high-fat milk, cheese and
yoghurt had little impact on the results.

Discussion

In the large, prospective AusDiab study, a relationship
between increased total dairy food intake and reduced
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risk of diabetes among men, independent of age, family
history of diabetes, energy intake, smoking status, level of
education, level of physical activity, TAG, HDL-C, systolic
blood pressure, waist circumference, hip circumference
and Ca intake, was evident. However, a similar significant
relationship was not present among women.

This finding has previously only been reported in
studies in which all data (including diabetes status) were
self-reported. In a 12-year prospective study of 41254
males, Choi et al. found that men with a higher intake of
dairy also had a reduced risk of diabetes. After adjusting
for potential confounders, Choi et al. found that men in
the fifth quintile of dairy food intake had a relative risk of
developing diabetes of 0-77 (95% CI 0-62, 0-95) com-
pared with those in the first quintile’®. Lui et al. explored
the relationship between dairy food intake and incidence
of diabetes among women and found an inverse asso-
ciation that was largely attributable to low-fat dairy food
intake and not full-fat dairy food intake™®. In our ana-
lyses, low-fat milk intake was inversely associated with
risk of diabetes among men and women, but there
was no evidence of such an association for full-fat milk.
The small difference in saturated fat intake is unlikely to
account for this difference. However, other unmeasured
characteristics of people who choose low-fat dairy products
may be relevant™®. This might indicate that dairy food
itself does not contain the active component providing
protection against diabetes or that, despite the intake
of a protective factor in dairy food, people consuming
large amounts of high-fat dairy have other behavioural
characteristics that offset this benefit. For total dairy intake
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Table 4 The association between individual dairy products (servings/d), calcium (g/d) and the incidence of diabetes
over 5 years, after multiple adjustments: adults aged =25 years, the Australian Diabetes Obesity and Lifestyle Study

(AusDiab)
Women Total
OR* 95 % Cl OR* 95% CI OR* 95% Cl

Low-fat milk

Tertile 1 1-00 Ref. 1-00 Ref. 1-00 Ref.

Tertile 2 1-07 0-66, 1-70 0-69 0-41,1-14 0-85 0-60, 1-2

Tertile 3 0-57 0-32, 1-02 0-67 0-40, 1-12 0-65 0-44, 0-94
Full-fat milk

Tertile 1 1-00 Ref. 1-00 Ref. 1-00 Ref.

Tertile 2 1-37 0-84, 2-22 1-39 0-83, 2-32 1-38 0-97,1-97

Tertile 3 1-43 0-83, 2:45 0-89 0-45,1-75 1-18 0-78, 1-79
Yoghurt

Tertile 1 1-00 Ref. 1-00 Ref. 1-00 Ref.

Tertile 2 0-91 0-55, 1-51 0-87 0-52, 1-46 0-88 0-62, 1-26

Tertile 3 1-02 0-56, 1-88 1-23 0-74, 2-04 1-14 0-78, 1-67
Cheese

Tertile 1 1-00 Ref. 1-00 Ref. 1-00 Ref.

Tertile 2 0-78 0-49, 1-24 0-80 0-50, 1-30 0-81 0-58, 1-12

Tertile 3 0-69 0-39, 1-21 0-83 0-48, 1-45 0-78 0-53, 1-15
Ca

Tertile 1 1-00 Ref. 1-00 Ref. 1-00 Ref.

Tertile 2 1-05 0-63, 1-73 0-61 0-36, 1-04 0-83 0-57,1-19

Tertile 3 0-66 0-34, 1-27 0-79 0-43, 1-45 0-74 0-48, 1-15

Ref., referent category.

*Odd ratios from logistic regression models of diabetes and dairy intake adjusted for age, sex (for total population only), energy intake,
family history of diabetes, education level, level of physical activity, smoking status, TAG, HDL cholesterol, systolic blood pressure,
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waist circumference and hip circumference. Only those with complete data were included in these analyses (n 5582).

in the total population, the association was slightly
strengthened by adjusting for fibre, a finding that has
been previously demonstrated in the literature'”.

Our findings appear inconsistent with the findings
of the Hoorn Study, which found no association between
baseline dairy consumption and the change in fasting
blood glucose over 6-4 years®. It should be noted that
participants in the Hoorn Study were all aged over 50 years
baseline, compared with 25 years or more in AusDiab,
although in our data the relationship between dairy intake
and diabetes was retained when the analysis was restricted
to those aged over 50 years (7 2699, data not shown) but
not in the younger participants (72 2883).

The mechanism behind the possible relationship
between dairy food intake and reduction in diabetes risk
remains unclear. It has been suggested that it could be
due to the satiety effect of dairy components such as
protein and Ca”, although it is noteworthy that our
findings were independent of total energy intake; and
obesity defined using both waist and hip circumference.
Nevertheless, some studies have reported that higher
dairy food intake may protect against obesity>?*2¥ . It
has been suggested that Ca and Mg may be the key dairy
components that lower the risk of type 2 diabetes®23729,
However, in our analysis, the relationship between Ca
intake and incident diabetes was weaker than that
between total dairy food intake and diabetes. Further-
more, when we adjusted for Ca intake, the relationship
between total dairy food intake and diabetes was not
attenuated. Thus, our data do not support the hypothesis
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that it is the Ca component of dairy food that provides
protection against the development of diabetes.

The inverse association between dairy food intake and
diabetes risk was significant only in men and not women.
Gender disparity has also occurred in two other pro-
spective studies”*”. Kirii et al. reported the opposite
effect of gender, in which a marginally significant risk
reduction associated with the highest intake of Ca and
dairy was seen in women but not men, and suggested that
this may be due to women having an overall higher Ca
and dairy food intake”. The difference between the total
dairy intakes among men and women in our study was
small and not significant (median total dairy food intake:
346 g/d for men and 354 g/d for women, P=0-2).
Furthermore, we calculated the grams of dairy food per
kilojoule of energy intake for men and women to be
3-8% and 5-1 %, respectively. Since women have a higher
relative intake from dairy food than men, the absence of
an association in women is not likely to be explained by a
low dairy intake.

Strengths and limitations

There were a number of limitations to the present study.
The FFQ was developed for the Melbourne Collaborative
Cohort Study (MCCS) in the late 1980s, based on weighed
food records from men and women between the ages
of 40 and 69 years who were born in Australia, Italy or
Greece, and thus may not include all relevant foods for
the AusDiab participants. A limitation of FFQ in general is
that participants can only provide responses for food
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items listed in the questionnaire, leaving room for
potential omission of important components of an indi-
vidual’s dietary intake. For example, soft drinks were
excluded from this FFQ as it was found that very few
people from the MCCS population consumed this item.
This exclusion may have had an impact on our overall
results as it contributes to total energy consumption, and
the intake of sugar-sweetened beverages has been asso-
ciated with type 2 diabetes'®”. However, this needs to be
taken into consideration with the overall difficulties of
measuring diet in large cohorts, and although FFQ may
have their limitations they are logistically and financially
much easier to implement in large studies than other
dietary measurement methods.

The response rate at baseline was 55% " and only
60% of participants were followed up. Therefore, the
results may not reflect the general Australian population.
However, the findings that the incidence of self-reported
diabetes was very similar in those who attended the
biomedical follow-up testing and the 2200 participants
who completed only the self-report questionnaires for
follow-up'”, and that the predictors of self-reported
diabetes did not change if these non-attendees were
grouped with attendees (data not shown), suggest that
the impact of the response rate on our findings is likely to
be small.

9

Conclusions

In men with total dairy food intake in the third tertile
compared with the first tertile, the risk of developing
diabetes over 5 years was reduced by nearly 50%.
Further, among men in the third tertile of low-fat milk
intake, compared with men in the first tertile, the odds
of developing diabetes was approximately 40% lower,
but this was of borderline significance (= 0-059). There
were no similar significant relationships in women.
Further investigations into the relationship between dairy
food intake and diabetes risk need to be undertaken to
fully understand the potential mechanism and implications
of this observation.
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