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Figure 1 Association of (A) total dairy, (B) whole fat dairy alone, (C) low fat dairy alone and (D) among those who consumed
both whole fat and low fat dairy with prevalent metabolic syndrome and its component (OR, 95% CI). Metabolic syndrome:
defined as presence of any three of the four components: elevated blood pressure (defined as those on blood pressure
lowering medication, or systolic blood pressure) >130mm Hg or diastolic blood pressure (DBP) >85mm Hg); elevated waist
circumference (defined as women with waist >80cm, men with waist >94 cm, except among Asians or South Americans

in whom waist was >90cm), reduced high density lipoprotein cholesterol (HDL-C) (defined as men on cholesterol lowering
medications or with HDL-C<1 mmol/dL (40mg/dL), or women with HDL-C<1.3mmol/L (50 mg/dL)); elevated triglycerides
(defined as triglyceride levels>1.7 mmmol/dL (150mg/dL)); and elevated fasting blood glucose (defined as as those on
glucose lowering medications or with a fasting glucose value >5.5mmol/L). OR models for metabolic syndrome and waist
circumference are adjusted for age (continuous), sex, smoking status, education, location, physical activity, energy intake,
percent energy from carbohydrate, fruit and vegetable intake, and study center as random effect. Models for whole dairy intake
are adjusted for low fat dairy intake and vice versa. OR model for elevated blood pressure, low HDL-C, elevated triglycerides
and elevated fasting blood glucose are adjusted for age (continuous), sex, body mass index (continuous), smoking status,
location, education, physical activity, energy intake, quintiles of percent energy from carbohydrate, fruit and vegetable intake,
and study center as random effect. Models for whole dairy intake are adjusted for low fat dairy intake and vice versa. Panel (A)
shows a significant inverse association between total dairy intake and metabolic syndrome and each of its components, except
low HDL-C (no association); (B) shows a significant inverse association between whole fat dairy (alone) intake and metabolic
syndrome, elevated blood pressure, elevated waist circumference, elevated triglycerides, and elevated fasting blood glucose.
No association was observed between whole fat dairy and low HDL-C; (C) shows no association between low fat dairy (alone)
intake and metabolic syndrome and its components, except elevated triglycerides and elevated fasting blood glucose (a trend
towards lower prevalence); and (D) shows a significant inverse association between consumption of both whole fat and low
fat dairy and metabolic syndrome, elevated blood pressure and elevated triglycerides, and no association with elevated waist
circumference or HDL-C or elevated fasting blood glucose.
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Incident hypertension and incident diabetes
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Figure 2 Associations of (A) total dairy, (B) whole fat dairy alone, (C) low fat dairy alone, and (D) both whole fat and low

fat dairy with incident hypertension and incident diabetes (HR, 95% CI). Incident hypertension was defined as self-reported
hypertension, with or without use of antihypertensive medications or a systolic blood pressure of >140mm Hg, or a diastolic
blood pressure of >90mm Hg." Incident diabetes was defined as self-reported diabetes, with or without use of oral
hypoglycemic agents or insulin, or having a documented fasting glucose level of >7.0mmol/L."" Hypertension model adjusted
for age (continuous), sex, body mass index (continuous), education, smoking status, location, physical activity, energy,
quintiles of percent energy from carbohydrates, fruit and vegetable intake and study center as random effect. Models for
whole dairy intake adjusted for low fat dairy intake and vice versa. Diabetesmodel adjusted for age (continuous), sex, body
mass index (continuous), education, smoking status, location, family history of diabetes, physical activity, energy, quintiles

of percent energy from carbohydrates, fruit and vegetable intake, and study center as random effect. Models for whole dairy
intake are adjusted for low fat dairy intake and vice versa. Panel (A) shows a significant inverse association between total dairy
and incident hypertension and a trend towards lower incidence of diabetes; (B) shows a trend towards lower incidence of
hypertension and diabetes with higher intake of whole fat dairy (alone); (C) shows no association between low fat dairy intake
(alone) and incident hypertension and incident diabetes; and (D) shows a trend towards lower incidence of hypertension and

diabetes with higher intake of both whole fat and low fat dairy.

(figure 2) with directionally similar estimates found for
whole fat and low fat dairy.

For diabetes, higher dairy intake (at least two servings/
day vs zero intake) was associated with a lower diabetes
incidence (HR 0.88, 95% CI 0.76 to 1.02, p-trend=0.01)
(figure 2) with directionally similar estimates with whole
fat dairy (alone or with low fat) but not with low fat dairy
alone.

When we used more than three servings/day as the
highest intake category (instead of more than two
servings/day), we found similar estimates of associa-
tion (for hypertension, HR 0.87,; 95% CI 0.79 to 0.96,
p-trend=0.02; and for diabetes, HR 0.86, 95% CI 0.73 to
1.02;, p-trend=0.01).

When we evaluated whole fat dairy intake and low fat
dairy intake jointly adjusted for each other, higher whole
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fat dairy intake was significantly associated with a lower
incidence of hypertension and diabetes. In contrast, no
significant associations were found for low fat dairy versus
hypertension or diabetes (online appendix table S5).

The associations between types of dairy (milk, yogurt,
cheese, and butter) showed directionally similar results
with incident hypertension and incident diabetes (online
appendix figure S4).

DISCUSSION

In this large multinational prospective cohort study from
21 countries located in five continents, higher dairy
consumption was associated with lower mean blood
pressure, waist circumference, triglycerides, and blood
glucose. Additionally, total dairy and whole fat dairy
intakes were associated with lower risk of MetS and its
components. A similar pattern of results was found in
those consuming diets that may influence blood pres-
sure, such as those with higher or lower levels of sodium
and potassium, or varying levels of fruit and vegetable
intake. During follow-up of nine years, higher consump-
tion of dairy was associated with lower risk of incident
hypertension and incident diabetes. These results were
clearer in those who consumed whole fat dairy than in
those who consumed low fat dairy.

Short-term feeding trials showed a reduction in blood
pressure with both low and whole fat dairy, and a reduc-
tion in triglycerides with whole fat,®” ** but the evidence
for fasting blood glucose in these trials is inconsistent or
inconclusive.® * Our results showed directionally consis-
tent inverse associations between consumption of various
types of dairy foods (milk, yogurt, cheese, or butter) and
MetS, especially for intake of whole fat dairy. Our find-
ings are consistent with recent meta-analyses of cohort
studies of mostly Western and higher-income Asian popu-
lations (~10% lower risk of MetS per one serving increase
in dairy)."" ## Further, in these meta-analyses the asso-
ciations were clearer for whole fat dairy (RR 0.78, 95% CI
0.61 to 0.96), while no association was observed for low
fat dairy and MetS,"" which is consistent with our find-
ings. In addition, a recent cohort study in Brazil found
similar results.”’

Our finding of a favorable association between butter
and prevalence of MetS should be interpreted with
caution, given that butter intake was very low (mean
3.3g/day). It is also noteworthy that butter was not
included as one of the dairy products in the total dairy
definition in our analyses, and so even if the association
of butter with lower MetS is due to chance, the results on
total dairy are robust.

In prospective analyses, we identified a significant
inverse association between dairy intake and incident
hypertension, which is consistent with a recent meta-
analysis of cohort studies in mostly Western and some
Asian populations,” '* # ¥ two shortterm controlled
feeding trials of dairy intake and blood pressure,’” and
our prior report of lower risk of stroke with higher dairy

consumption.”® Cohort studies in the US and Europe
have found an association with lower risk of hypertension
with higher dairy intake, especially yogurt.” ** On the
other hand, recent Mendelian randomization studies did
not show that dairy intake is associated with lower hyper-
tension.” Taken together, dairy foods should be evalu-
ated in large randomized trials of dairy intake and longer
term blood pressure change or risk of hypertension.

Our findings of an inverse association of total dairy and
different types of dairy products with incident diabetes
are consistent with most’** but not all” previous meta-
analyses. The meta-analysis by Chen et af” represented
mostly high-income countries and more homogeneous
populations, whereas PURE covers substantially more
diverse populations and broad patterns of diet globally.
Further, high income countries consume higher amounts
of dairy (mainly low fat) than other parts of the world. The
background diet also varies across countries, whereby in
high income countries the major problem is over nutri-
tion, while in low income countries, there is more under
nutrition and people consume low amounts of dairy and
ahigher amount of refined carbohydrates. Therefore, the
findings from a previous meta-analysis may not be appli-
cable to other parts of the world, although our findings
were robust in different populations with varying levels
of dairy intake. In a recent meta-analysis, blood fatty
acids commonly found in dairy foods were associated
with lower diabetes risk.*® However, a recent Mendelian
randomization study did not find support for an associa-
tion of milk intake with diabetes risk.” Collectively, the
evidence suggests a need for large randomized trials of
dairy intake, including an evaluation of different types
of dairy (fermented vs non-fermented) and fat content
(whole fat vs low fat) in relation to incident diabetes.

Possible pathways for metabolic benefits of dairy
include angiotensin converting enzyme, peroxisome
proliferator activated receptors, hepatic de novo lipo-
genesis, hepatic and adipose fatty acid oxidation, and
inflammation.'” Further, bioactive peptides or amino
acids produced through yogurt or cheese fermentation
improves insulin sensitivity, while branched chain amino
acids in whey has been shown to improve postprandial
insulin response.™

Our study is among the first large multinational cohort
studies to examine the association of dairy intake with
prevalence of MetS and risk of diabetes and hyperten-
sion. We used standardized methods to measure diet
using country specific validated FFQs and standardized
methods to obtain information on health measures and
record new cases of hypertension and diabetes during
follow-up.

There are some potential limitations. First, diet was
self-reported and variations in reporting might lead to
random errors that could dilute real associations between
dairy intake and health outcomes. Further, misclassifica-
tion of dairy intake cannot be ruled out as we did not
have repeat measures of diet. However, we found that
the association between milk intake, recorded at three
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years of follow-up, and cardiovascular disease was similar
to the analyses using the baseline information,'? indi-
cating that repeat dietary measures are unlikely to alter
our findings. Second, we could not assess incident MetS
as several of its components (waist circumference, blood
glucose, and blood lipids) were assessed in only a random
20% of the study population during follow-up. For the
analyses of dairy versus incident hypertension, 25287
individuals were excluded because blood pressure was
not recorded in all participants during follow-up. The
blood pressure measures during follow-up were carried
out systematically in all participants in 16 countries or in
arandom 20% of participants in five countries. The char-
acteristics of individuals without blood pressure measures
during follow-up compared with individuals with blood
pressure measures during follow-up were similar (online
appendix table S2). Third, the possibility of residual
confounding cannot be completely ruled out in obser-
vational studies (eg, dairy intake might be a proxy for
poverty or access to healthcare). However, our results
persisted despite extensive adjustments for all known
confounders, including the use of five markers of socio-
economic status (education, wealth, occupation, urban/
rural location, and geographical location). Additionally,
we adjusted for study center as a random effect, which
takes into account socioeconomic factors and clustering
by community, leading to comparisons within countries
(see supplemental methods in the online supplemen-
tary appendix). Lastly, the impact of higher dairy intake
may be influenced by the overall diet, even though anal-
yses are adjusted for multiple dietary confounders and
conducted within different strata. However, the consis-
tency of results across regions with markedly different
levels of dairy intake makes it less likely that confounders
including the background diet, which are expected to
vary in different regions, explain our observations.

In conclusion, we report that intake of dairy products,
especially whole fat products, is associated with lower
prevalence of MetS and its individual components at
baseline, and a lower risk of hypertension and diabetes
during follow-up. If our findings are confirmed in suffi-
ciently large and long term trials, then increasing dairy
consumption may represent a feasible and low cost
approach to reducing MetS, hypertension, diabetes, and
ultimately cardiovascular disease events worldwide.
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Dairy-rich diet linked to lower risks of diabetes and high blood pressure
And cluster of factors that increase heart disease and stroke risk (metabolic syndrome)

Eating at least two daily servings of dairy is linked to lower risks of diabetes and high blood pressure, as well as the
cluster of factors that heighten cardiovascular disease risk (metabolic syndrome), finds a large international study
published online in BMJ Open Diabetes Research & Care.

The observed associations were strongest for full fat dairy products, the findings indicated.

Previously published research has suggested that higher dairy intake is associated with a lower risk of diabetes, high
blood pressure, and metabolic syndrome. But these studies have tended to focus on North America and Europe to
the exclusion of other regions of the world.

To see whether these associations might also be found in a broader range of countries, the researchers drew on
people taking part in the Prospective Urban Rural Epidemiology (PURE) study.

Participants were all aged between 35 and 70 and came from 21 countries: Argentina; Bangladesh; Brazil; Canada;
Chile; China; Colombia; India; Iran; Malaysia; Palestine; Pakistan; Philippines, Poland; South Africa; Saudi Arabia;
Sweden; Tanzania; Turkey; United Arab Emirates; and Zimbabwe.

Usual dietary intake over the previous 12 months was assessed by means of Food Frequency Questionnaires. Dairy
products included milk, yogurt, yogurt drinks, cheese and dishes prepared with dairy products, and were classified as
full or low fat (1-2%).

Butter and cream were assessed separately as these are not commonly eaten in some of the countries studied.

Information on personal medical history, use of prescription medicines, educational attainment, smoking and
measurements of weight, height, waist circumference, blood pressure and fasting blood glucose were also collected.

Data on all five components of the metabolic syndrome were available for nearly 113,000 people: blood pressure
above 130/85 mm Hg; waist circumference above 80 cm; low levels of (beneficial) high density cholesterol (less than
1-1.3 mmol/l); blood fats (triglycerides) of more than 1.7 mmol/dl; and fasting blood glucose of 5.5 mmol/l or more.

Average daily total dairy consumption was 179 g, with full fat accounting for around double the amount of low fat:
124.5+ vs 65 g.

Some 46, 667 people had metabolic syndrome--defined as having at least 3 of the 5 components.

Total dairy and full fat dairy, but not low fat dairy, were associated with a lower prevalence of most components of
metabolic syndrome, with the size of the association greatest in those countries with normally low dairy intakes.

At least 2 servings a day of total dairy were associated with a 24% lower risk of metabolic syndrome, rising to 28% for
full fat dairy alone, compared with no daily dairy intake.

The health of nearly 190,000 participants was tracked for an average of nine years, during which time 13,640 people



developed high blood pressure and 5351 developed diabetes.

At least 2 servings a day of total dairy was associated with an 11-12% lower risk of both conditions, rising to a 13-
14% lower risk for 3 daily servings. The associations were stronger for full fat than they were for low fat dairy.

This is an observational study, and as such can’t establish cause. Food frequency questionnaires are also subject to
recall, and changes in metabolic syndrome weren’t measured over time, all of which may have influenced the
findings.

Nevertheless, the researchers suggest: “If our findings are confirmed in sufficiently large and long term trials, then
increasing dairy consumption may represent a feasible and low cost approach to reducing [metabolic syndrome],
hypertension, diabetes, and ultimately cardiovascular disease events worldwide.”



