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Abstract We summarized existing evidence stemming from
laboratory, clinical, and epidemiological studies regarding the
differential association between low-fat or whole-fat dairy
products and blood pressure control. We identified seven,
large, prospective cohorts and one randomized trial that
addressed the differential effect of low-fat versus whole-fat
dairy products on blood pressure control or on the incidence of
hypertension. An inverse association between low-fat dairy
consumption and the risk of hypertension was found in most
studies, whereas no risk reduction was observed for whole-fat
dairy products. Several mechanisms might account for the
blood-pressure-lowering effect of dairy products. The ob-
served differential association may be attributable to the
detrimental effect of saturated fat. In conclusion, low-fat
dairy products but not whole-fat dairy products may
contribute to improve blood pressure control and to reduce
the incidence of hypertension.

Keywords Low-fat dairy products . Whole-fat dairy
products . Blood pressure . Hypertension

Introduction

Hypertension (high blood pressure) is considered the lead-
ing individual risk factor for death worldwide. Specifically,
one billion people might be considered hypertensive and
elevated blood pressure may be responsible for 7.6 million
deaths a year. Besides, hypertension is the second more
important contributor to disability adjusted life years lost
[1]. Hypertension is a major risk factor for cardiovascular
disease, presenting a continuous, consistent, and indepen-
dent association with a number of cardiovascular outcomes.
Therefore, approaches to prevent this condition are an ur-
gent need.

It is generally accepted that lifestyle factors, such as
physical activity and body weight control, are key for the
prevention of hypertension. In addition, a healthy dietary
pattern rich in fruits, vegetables, and low-fat dairy prod-
ucts and low in saturated fat has been consistently asso-
ciated with a lower incidence of hypertension [2–4]. In
the Dietary Guidelines for Americans 2010, consumption
of 3 cups per day of fat-free or low-fat milk and milk
products is recommended as part of a healthy diet [5].
Fat-free and low-fat dairy products are recommended
instead of whole-fat dairy products due to a smaller
caloric content.

Dairy products are a good source of potentially ben-
eficial nutrients, such as magnesium, potassium, calci-
um, and bioactive peptides. Different studies have
suggested that dairy products might be associated with
lower blood pressure and reduced risk of hypertension.
This topic has been the focus of a recently published
review [6••]. Despite the beneficial nutrient profile of
dairy products, they also contribute to fat intake. The
main type of fat in dairy products is saturated fat,
specifically palmitic acid. Based on their fat content,
dairy products can be classified as low-fat or whole-fat
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dairy products. Because the amount of saturated fat in
dairy products might influence their effects on health
outcomes, we reviewed the published literature to assess
the differential role of whole-fat versus low-fat dairy
products on blood pressure levels or the incidence of
hypertension. We first provide a summary of the epide-
miological evidence on the association of dairy products
with hypertension and blood pressure, and then we
discuss the physiological mechanisms that could explain
the observed associations.

Epidemiological Evidence

In the Dietary Approaches to Stop Hypertension (DASH) [3,
4, 7] randomized trial, three diets were compared in 459
participants for an 8-week period. A diet rich in fruits and
vegetables achieved better results in lowering blood pres-
sure levels than a typical American control diet. The best
results were obtained with the so-called combination diet,
which is known as the DASH diet [4, 7]. A high consump-
tion of low-fat dairy products (2 servings/day of low-fat
dairy products in the combination diet) was one of the key
components of the DASH diet compared with the diet rich
in fruits and vegetables (0 servings/day of low-fat dairy
products). It has been estimated that the DASH diet together
with a sodium restriction down to 1,600 mg could be as
effective as any conventional antihypertensive treatment [8].
Similar results were obtained in nonrandomized, prospec-
tive cohort studies that assessed the association between
adherence to the DASH diet and the incidence of hyperten-
sion [2, 9, 10].

Table 1 describes cohort studies assessing the differential
effects of low-fat versus whole-fat dairy products on blood
pressure control or on the incidence of hypertension.

Cohort Studies

Results from observational cohort studies evaluating the
differential association between low-fat and whole-fat dairy
products are summarized in Table 2. An overall assessment
of these studies has to account for the heterogeneity in the
methods used to assess dairy food consumption, blood pres-
sure, and hypertension ascertainment.

In the Nurses´ Health Study, differences in systolic
and diastolic blood pressure levels across quintiles of
high-fat or low-fat dairy products after four years of
follow-up were ascertained [11]. No statistically signif-
icant differences were observed.

In the SUN cohort, a prospective study of university
graduates in Spain, consumption of low-dairy products
was inversely associated with the incidence of hyperten-
sion after a median follow up of 2.3 years. This effect

was not observed for the consumption of whole-fat dairy
products [12]. In this cohort, dietary calcium from low-fat
dairy products (but not from whole-fat dairy foods) was
inversely associated with the incidence of hypertension.

These differential results for low-fat dairy versus whole-
fat dairy were confirmed in the Women’s Health Study, a
cohort involving more than 28,000 women older than age
45 years [13]. For low-fat dairy products, a significant
inverse association with hypertension was observed, where-
as no significant association between whole-fat dairy prod-
ucts and incident hypertension was seen.

The association between dairy intake and incident
hypertension also was assessed in 2,245 Rotterdam
Study participants who were free of hypertension at
baseline (1990–1993) and were followed for 6 years.
Analyses of specific types of dairy products showed an
inverse association with milk and milk products (p for
trend00.07) and no association with high fat dairy or
cheese (p for trend>0.6) [14].

Similar associations were explored in a Dutch cohort of
3,454 middle-aged participants with a follow-up time of
5 years. Higher intake of low-fat dairy products was asso-
ciated with a nonsignificant lower risk of incident hyperten-
sion. On the other hand, a nonsignificant direct association
between whole-fat dairy products and incident hypertension
was found [15].

In the PREDIMED study, after a 12-month follow-up
of an elderly population at high cardiovascular risk,
low-fat dairy product consumption was inversely asso-
ciated with blood pressure levels [16]. Contrarily, no
statistically significant association for whole-fat dairy
products was found. Consistently with the PREDIMED
results, the ARIC study reported an inverse association
between low-fat milk and mean changes in systolic
blood pressure during 9 years of follow-up. Again, in
this latter study no significant association was observed
for whole-fat milk [17].

Randomized Trials

To date, only one randomized trial has specifically
assessed the differential effect of low-fat versus whole-
fat dairy products on blood pressure levels. This small
crossover trial was conducted in 45 normotensive volun-
teers aged 18-24 years who were supplied with 3.5
servings/day of low-fat or whole-fat dairy products.
Blood pressure was measured at the beginning and end
of each intervention period. Whole-fat dairy intake sig-
nificantly increased systolic blood pressure (SBP) and
body weight but not diastolic blood pressure (DBP) after
8 weeks of intervention. Low-fat dairy, on the other
hand, did not change blood pressure or body weight
significantly after 8 weeks of intervention. However, no
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statistically significant difference was found between both
interventions (Table 2) [18••].

Physiological Mechanisms

In observational studies, participants with a higher consump-
tion of low-fat dairy products tend to have a healthier overall
lifestyle and a healthier dietary pattern. Although the aforemen-
tioned inverse association between low-fat dairy products and
hypertension (or blood pressure changes) might be partially
explained by residual confounding, the available cohorts exten-
sively controlled for potential confounding and the inverse
association between low-fat dairy products and hypertension
remained significant. Moreover, the causal interpretation is
supported by different biological mechanisms that provide a
likely biological plausibility to the observed association.

Different nutrients present in dairy products could ex-
plain a beneficial effect of these foods on blood pressure
levels and on a reduced incidence of hypertension, including
calcium, vitamin D, magnesium, potassium, and bioactive
dairy peptides. The differential content in fatty acids be-
tween low-fat and whole-fat dairy products may help to
explain the distinct association between the two types of
dairy products observed in epidemiological studies.

Calcium and Vitamin D

Dairy products are the most important source of dietary
calcium. It has been suggested that dietary calcium may
influence blood pressure. On the one hand, ionic calcium
may reduce blood pressure levels centrally [19]. On the
other hand, concerning ionic calcium peripheral action, the
rise in plasmatic calcium concentrations may increase blood
pressure by enhancing smooth muscle contractility [19].
Calcium channel blockers, used in the treatment of hyper-
tensive patients, block the peripheral mechanism and their
action may be enhanced if a high calcium intake could
maintain calcium blood levels in the upper limits within
normality to preserve the central hypotensive effect [19].

Beside this, a diet rich in calcium could increase urinary
sodium excretion may limit the effect of desoxicorticoster-
one on sodium balance, improve vascular smooth muscle
relaxation and tone down its contractility, increase the sen-
sitivity to nitric oxide in arterial smooth muscle cells, and
decrease the production of superoxide anions and vasocon-
strictor prostaglandins [20]. Furthermore, high levels of
calcium intake may inhibit the production of parathyroid
hormone and vitamin D synthesis, which increases intracel-
lular calcium concentrations and thus vascular smooth mus-
cle cell contraction [20]. Despite the high calcium contents

Table 2 Differential association between whole-fat and low-fat dairy products on the risk of incident hypertension or on blood pressure levels in
epidemiological studies

DESIGN AUTHOR, YEAR RATIO SERVINGS/DAY
HIGHEST/LOWEST
CATEGORY

LOW-FAT DAIRY
PRODUCTS

WHOLE-FAT DAIRY
PRODUCTS

Risk of incident hypertension

Observational cohort study [12] Alonso, 2005 LFD Q5/Q102.46/0.001 HR: 0.46 (0.26 to 0.84) HR: 1.37 (0.77 to 2.42)
WFD Q5/Q10N/A

Observational cohort study [13] Wang, 2008 LFD Q5/Q102.71/0.13 HR: 0.89 (0.82 to 0.96) HR: 0.97 (0.9 to 1.04)
WFD Q5/Q101.49/0.13

Observational cohort study [14] Engberink, 2009 LFD Q4/Q102.24/0.08 HR: 0.69 (0.56 to 0.86) HR: 1.02 (0.8 to 1.29)
WFD Q4/Q101.09/0.11

Observational cohort study [15] Engberink, 2009 LFD Q4/Q102.03/0.008 HR: 0.82 (0.64 to 1.06) HR: 1.19 (0.92 to 1.54)
WFD Q4/Q100.75/0.11

Changes in blood pressure levels

Observational cohort study [11] Ascherio, 1996 LFD Q5/Q10N/A SBP: β: 0.004 (−0.07 to 0.08) SBP: β: 0.02 (−0.05 to 0.1)

WFD Q5/Q10N/A DBP: β: 0.02 (−0.03 to 0.07) DBP: β: 0.01 (−0.04 to 0.06)

Observational cohort study [16] Toledo, 2009 LFD Q5/Q102.53/0.01 SBP: β: −4.2 (−6.9 to −1.4) SBP: β: 0,0 (−3.4 to 3.3)

WFD Q5/Q10N/A DBP: β: −1.8 (−3.2 to −0.4) DBP: β: 0.3 (−1.4 to 2)

Observational cohort study [17] Alonso, 2009 LFD Q4/Q10≥3/<0.14 SBP: β: −1.1 (−2.1 to 0) SBP: β: 0.1 (−0.3 to 0.4)

WFD T3/T10≥1/<0.14 DBP: β: 0 (−0.3 to 0.2) DBP: β: −0.4 (−1.1 to 0.2)

Randomized trial [18••] Alonso, 2009 - SBP: β: 1.5 (−0.6 to 3.6) SBP: β: 2.1 (0.1 to 4)

DBP: β: 0.6 (−1 to 2.2) DBP: β: 0.8 (−0.9 to 2.6)

*Serving0250 ml

LFD, low-fat dairy products; WFD, whole-fat dairy products; SBP, systolic blood pressure; DBP, diastolic blood pressure; Q5/Q1, fifth quintile
compared with first quintile; Q4/Q1, fourth quartile compared with first quartile; T3/T1, third tertile compared with first tertile; Β, mean difference
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of dairy products, it has been observed that diets richer in dairy
products have beneficial effects on intracellular calcium con-
centrations [21]. Nevertheless, a meta-analysis on the poten-
tially beneficial effects of calcium supplements on blood
pressure concluded that the evidence for a blood–pressure-
lowering effect of calcium supplementation in subjects with
raised blood pressure was not robust and, given the scarcity of
available evidence and the potential for bias, better studies are
needed [22]. Furthermore, a large trial found no significant
effect of calcium intake and vitamin D3 supplementation
(1,000 mg of elemental calcium plus 400 IU of vitamin D3
per day) on blood pressure [23]. Interestingly, in the Women’s
Health Initiative [13], an inverse association between dietary
calcium and dietary vitamin D and incident hypertension was
observed after a mean follow-up of 7.0 years, whereas no
significant associations were seen for calcium of vitamin D
supplements, suggesting that effects of dietary micronutrients
and micronutrient supplements may be different. In the SUN
Project prospective cohort [12], however, only dietary calcium
from low-fat dairy products was associated inversely with the
risk of hypertension. Thus, in this latter study, dietary calcium
was a proxy for low-fat dairy consumption.

Magnesium

Dairy products are a good source of magnesium, which is a
mineral capable of inhibiting smooth muscle contraction
and which therefore has an important vasodilator action
[20]. A meta-analysis of randomized trials assessing the
association between magnesium supplementation with
blood pressure found an inverse dose-dependent association
between the supplementation with magnesium and changes
in systolic and diastolic blood pressure [24]. Nonetheless,
another systematic review concluded that the evidence sup-
porting a beneficial effect of magnesium supplements on
blood pressure was weak and likely biased [25].

Phosphorus

Evidence from cross-sectional studies suggests an inverse
association between phosphorus intake and blood pressure
[26]. Nevertheless, when this association was tested with a
longitudinal design, the association was attenuated after
adjustment for other dietary factors. What is more impor-
tant, this association was only present for dietary phospho-
rus from dairy products origin, suggesting that dairy
products rather than phosphorus could be responsible for
this association [27].

Potassium

Dairy products contribute to lower blood pressure levels
probably not only because they are rich in calcium and

magnesium but because they are also rich in potassium.
Potassium is able to decrease blood pressure levels through
different pathways. Acting on the kidney, it facilitates natri-
uresis, diminishes calcium excretion, and is protective
against renal vascular, glomerular, and tubular lesions [28,
29]. Likewise, potassium affects the regulation of the central
sympathetic nervous system tempering the hypothalamic
and renal turnover of noradrenaline [30] and toning down
the blood pressuring response to noradrenaline and angio-
tensine II. Potassium also acts on the endothelium by hy-
perpolarization, by increasing the sensitivity to nitric oxide,
by decreasing the synthesis of vasoconstricting prostaglan-
dins [28] and by inhibiting smooth muscle contraction [20].
Potassium supplementation has been associated with im-
proved endothelial function, increased arterial compliance,
decreased left ventricular mass and improved left ventricular
diastolic function [31]. In the DASH trial, a decrease in
blood pressure was observed with potassium-rich diets [4].
However, the effect of dietary potassium seems different
than the effect of potassium supplements. In a meta-
analysis of six, randomized, controlled trials, no effect of
potassium supplements on blood pressure was observed
among participants with raised blood pressure [32].

Dairy Bioactive Peptides

In addition to the forenamed micronutrients, milk contains a
wide variety of peptides that may exert biological effects.
Some of these are able to bind bivalent cations, such as
calcium and magnesium, modifying their bioavailability if
they are consumed as dietary supplement or in milk [33].
Besides the aforementioned peptides, milk also contains
lactose, citrates, proteins, and peptides that may increase
the bioavailability of magnesium, manganese, zinc, seleni-
um, copper, and iron [33].

Dairy products also could exert a blood–pressure-lowering
effect through inhibition of the angiotensin-converting enzyme
(ACE). ACE enhances angiotensin, which is synthesised in
response to renin, produces a quick arteriolar and, to a lesser
extent, venous contraction and, in the long-term, decreases renal
sodium and water excretion acting either directly on the kidney
or indirectly by the release of aldosterone [20]. ACE also inhibits
bradikinin, a kinin synthesised from plasmatic or tissular alfa-2
globulins by proteolitic enzymes, which has arteriolar vasodilat-
ing effect and increases capilar permeability [20, 34]. In addi-
tion, endotheline is a peptide released by the endothelium,which
has a strong vasoconstricting effect [17]. The specific inhibition
of its receptor decreases blood pressure [35]. If ACE activity is
inhibited, intracellular bradikinins concentration increase, inhib-
iting thereby endothelin-1 release [36]. The digestion of milk
proteins by gastrointestinal, bacterial, or vegetable proteases
releases peptides, many of which inhibit ACE and endothelin
release. Casokinins and lactokinins are ACEI proteins (natural

Curr Nutr Rep (2012) 1:197–204 201



ACEIs) stemming from dairy casein and whey, respectively [37,
38]. These peptides are not as powerful as ACEI drugs, but these
natural substances could have beneficial effects on hypertension
prevention or treatment without having side effects [34, 39].
Furthermore, results from available trials assessing the effect of
two dairy tripeptides, isoleucine-proline-proline and valine-
proline-proline, have been presented in several systematic
reviews and metanalyses [40–42, 43•]. Significant decreases of
−3.73mmHg (95% confidence interval, −6.7, −1.76) in systolic
blood pressure (BP) and −1.97 mmHg (95 % confidence inter-
val, −3.85, −2.44) in diastolic blood pressure for lactotripeptides
when compared to placebo were found. Finally, the lactokinin
Ala-Leu-Pro-Met-His-Ile-Arg (ALPMHIR) derived from dairy
products has shown to be able to inhibit endothelin-1 release
[44].

In addition, other dairy peptides have shown agonistic activ-
ity over opioid receptors. Therefore, dairy products also could
modify blood pressure through this pathway [45].

Fat contents

The difference between whole-fat and low-fat dairy products
is their amount of fat, which may explain the differences
observed in epidemiologic studies between whole-fat and
low-fat dairy products. Palmitic acid is the main type of fatty
acid in dairy products. Culture of endothelial cells in the
presence of palmitic acid inhibits the production of nitric
oxide in a dose-response trend [46]. Endothelium-dependent
vasodilatation can be measured after the stimulation with
methacholin (methacholine stimulates nitric oxide-synthase),
whereas endothelium-independent vasodilatation can be mea-
sured after the stimulation with sodium nitroprussate. With
these two parameters, an index of endothelial function can be
defined as the quotient between the endothelium-dependent
vasodilatation and the endothelium-independent vasodilata-
tion. This quotient will show the activity of the nitric oxide
synthase in relation to total vasodilatation.

Palmitoleic acid can be produced in the metabolism of
palmitic acid. Higher levels of palmitoleic acid have been
associated with worse endothelial function and, therefore,
a higher exposure to palmitoleic acid is expected to be
associated with higher blood pressure levels [47]. In a
recent cross-sectional study, the intake of whole-fat dairy
was positively and independently associated to soluble
vascular cell adhesion molecule-1, whereas the intake of
low-fat dairy products showed an inverse independent
association [48].

Plasmatic levels of several fatty acids are related to
dietary fatty acid intake. In a cohort study with a follow-
up time of 6 years [49], higher plasmatic levels of palmitic
and palmitoleic acids were associated with a higher risk of
hypertension. Considering palmitic acid, the association
disappeared once baseline systolic blood pressure was

adjusted for. Besides this, an elevated ratio of polyunsatu-
rated to saturated fatty acid ratio was protective against the
incidence of hypertension. Taking into account that whole-
fat dairy products are an important source of saturated fatty
acids, and also that palmitic acid is the main fatty acid in
dairy products and that palmitic acid can be metabolized to
palmitoleic acid, the lipid profile of whole-fat dairy products
can be detrimental for blood pressure and thus it might
counteract other potentially beneficial effects of other
nutrients available in dairy products. However, these results
should be interpreted cautiously, because plasmatic levels of
palmitic acid are derived not only from diet but also form
the novo synthesis.

Conclusions

Not only epidemiological and laboratory evidence but also
biological plausibility suggest that a differential effect is
very likely for whole-fat versus low-fat dairy products on
blood pressure control. Thus, the consumption of low-fat
dairy products could be promoted as a tool to tackle the
impact of elevated blood pressure in the population. Never-
theless, further evidence from large, randomized trials on
this issue is required.
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