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Abstract
Hypertension is a major risk factor for development of stroke, coronary heart disease, heart failure,
and end-stage renal disease. In a systematic review of the evidence published from 2004 to 2009,
the 2010 Dietary Guidelines Advisory Committee (DGAC) concluded there was moderate
evidence of an inverse relationship between the intake of milk and milk products (dairy) and blood
pressure. This review synthesizes results from studies published over the past year on the
relationship between dairy intake, blood pressure, and hypertension risk. The influence of dairy
micronutrients including calcium, vitamin D, potassium, and phosphorous on blood pressure and
incident hypertension is examined. Emerging research on bioactive dairy peptides is also
reviewed. Lastly, recent evidence on effects of dairy fat content on blood pressure and
hypertension risk, and the impact of inclusion of low-fat dairy in dietary patterns is also
investigated.
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Introduction
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Hypertension (HTN) is highly prevalent and a major risk factor for development of stroke,
coronary heart disease, heart failure, and end-stage renal disease in the United States and
throughout the world [1, 2]. The American Heart Association (AHA) reports that 33.6% of
Americans 20 years and older have HTN and the prevalence of HTN is similar among men
and women (34.4% and 32.6%, respectively). An additional 37.4% of American adults have
prehypertension. Among African Americans, the incidence of HTN is one of the highest in
the world, at >43% [3]. High blood pressure (BP) is the second leading preventable cause of
mortality in the United States, after smoking, and BP-associated diseases are the leading
causes of morbidity and mortality in the United States and worldwide [4, 5]. The Joint
National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure (JNC 7) reports that mortality from both ischemic heart disease and stroke
increases linearly with increased BP for persons between the ages of 40 and 90 years [6].
Table 1 provides the JNC 7 stages for classifying BP.
Due to the CVD burden associated with increased BP, primary and early interventions are
warranted. A healthy lifestyle, including diet, is important in both preventing increased BP
over the lifespan and management of BP in people with HTN. Evidence-based national
guidelines recommend diets low in salt and high in fruits, vegetables, and low-fat dairy
products to reduce BP in hypertensive subjects and decrease HTN risk in healthy individuals
[6, 7]. Dairy products contain high biological value protein and essential amino acids, and
are a major source of calcium, phosphorous, potassium, and vitamins A and D in the
American diet. Dairy products also provide magnesium, riboflavin, folate, vitamin E, and
trace minerals iodine, selenium, and zinc. These macro- and micro-nutrients may
individually, or in combination, be involved in reducing HTN risk. This article is a 1-year
review that includes the 2010 Dietary Guidelines Advisory Committee (DGAC) evidencebased review on the effects of milk and milk products (dairy) on BP and examines areas
with the most research published on this topic over the past year.

Methods
NIH-PA Author Manuscript

The DGAC 2010 conducted an evidence-based systematic review, assisted by United States
Department of Agriculture (USDA) Nutrition Evidence Library (NEL) staff, examining the
relationship between the intake of milk and milk products and BP. The DGAC systematic
reviews were rigorous, transparent, minimized bias, and reproducible. The 2010 DGAC
updated the 2005 DGAC review by examining literature published between June 2004 and
July 2009. Inclusion criteria were human subjects ages 2 years and above; minimum of 10
subjects per study arm; dropout rate less than 20%; healthy populations and those with
elevated chronic disease risk; and English language. Exclusion criteria were studies that
considered milk and milk products as part of a larger dietary pattern; milk and milk products
in forms not commonly consumed; hospitalized or diseased subjects; animal and in vitro
studies; and articles not peer-reviewed. Search terms, databases queried, and validated
criteria for assessing study quality can be accessed at
http://www.nutritionevidencelibrary.gov. The DGAC search identified a total of 223 articles,
and 95 were selected for review. Thirteen studies met the inclusion criteria: one systematic
review, one randomized controlled trial (RCT), six prospective cohort studies, and five
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cross-sectional studies. The 2010 DGAC report can be accessed at
http://www.dietaryguidelines.gov.
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This 1-year review includes more topics than the 2010 DGAC review and covers data on
individuals with HTN, trials of bioactive dairy peptides, and studies on dietary patterns such
as the Dietary Approaches to Stop Hypertension (DASH) diet. Searches of Pub Med,
Cochrane review, and Embase were conducted for articles published between July 2009 and
December 2010. Of 163 total articles, 47 were selected for review, and 13 met the inclusion
criteria: one systematic review, nine RCTs, and three prospective cohort studies. The quality
of the studies was assessed using the same criteria as the 2010 DGAC review. Other relevant
earlier studies are provided for background, context, and comparison with the included
studies published over the past year. This article includes the following sections: the DGAC
2010 evidence-based review summary; dairy micronutrients: calcium, vitamin D, potassium,
and phosphorous; bioactive dairy peptides; the benefits of low-fat versus high-fat dairy
products; and dietary patterns.

2010 DGAC Evidence-Based Review of Dairy Consumption and Blood
Pressure
NIH-PA Author Manuscript

The 2010 DGAC concluded that a moderate body of evidence suggests an inverse
relationship between the intake of milk and milk products and BP. A brief summary is
presented below.
One methodologically strong systematic review of epidemiologic studies, covering four
primary articles on HTN, reported an inverse association between the intake of low-fat dairy
products and HTN risk based on a decrease in either systolic blood pressure (SBP) and/or
diastolic blood pressure (DBP) [8]. One methodologically strong randomized controlled trial
(RCT) conducted among 50 normotensive, overweight men and women (25–64 years of
age) in Australia showed that weight loss following energy-restricted, high-protein diets was
not affected by high versus moderate dietary calcium or dairy protein versus a mixed protein
source [9]. Weight loss was shown to improve both SBP and DBP, independent of dietary
protein sources or calcium intake levels.
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Six prospective cohort studies conducted in the United States, Spain, and the Netherlands
were also reviewed. A methodologically strong report from the Women’s Health Study of
28,886 women (mean age of 54 years) conducted in the United States found that decreased
HTN risk was independently associated with low-fat dairy products, calcium, and vitamin D
after a 10-year follow-up [10]. The risk of HTN decreased in the higher quintiles of dietary
calcium and vitamin D intake, but not with supplemental calcium or vitamin D. There was
no association between high-fat dairy and risk of HTN. Of four categories of low-fat dairy
products including skim milk, yogurt, cottage cheese, and sherbet, only skim milk was
inversely associated with HTN risk. A methodologically strong report from the Seguimiento
Universidad de Navarra (SUN) study of 6686 adults (mean age of 37 years) in Spain showed
a 54% reduction in HTN in participants with the highest consumption of low-fat dairy
compared to the lowest consumption after a 2-year follow-up [11]. No association between
whole-fat dairy or total calcium intake and incident HTN was found. A methodologically
strong report using data from 2290 elderly subjects (55–80 years of age) at high risk for
cardiovascular disease (CVD) from the Prevention with Mediterranean Diet [Prevención con
Dieta Mediterránea (PREDIMED)] study in Spain found a statistically significant lowering
of SBP in the highest quintile of low-fat dairy intake over 12 months, but no significant
relationship between high-fat dairy and BP [12].
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In general, cohort studies from the Netherlands reported a less strong relationship between
intake of milk and milk products and BP management. A methodologically strong report
from the Rotterdam Study examined HTN risk in 2245 normotensive elderly subjects (≥55
years of age) who did not use HTN medication. At 2-year follow-up, HTN risk was
significantly decreased for low-fat dairy consumption, showing low-fat dairy may decrease
HTN risk at an older age [13]. However, a second methodologically strong report from the
Rotterdam study of 3454 participants (20–65 years of age) found SBP and DBP showed
little variation across quintiles with total dairy, whole-fat dairy, or low-fat dairy after 5 years
in this young to middle-aged Dutch cohort [14]. Similarly, a methodologically strong report
on a 6.4-year follow-up of 1124 elderly subjects (50–75 years) of the Hoorn study found
dairy consumption was not associated with changes in SBP or DBP [15].
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Five cross-sectional studies conducted in United States, France, and Iran support an inverse
association between consumption of milk and milk products and BP levels [16–20]. One
methodologically strong study using data from National Health and Nutrition Examination
Surveys (NHANES), 1999–2004, found that among 4519 adults (≥18 years) fluid milk was
inversely related to SBP and DBP, and yogurt was associated with lower SBP [16]. In
contrast, cheese was positively associated with higher SBP. Another methodologically
strong study using data from NHANESIII (1988–1994) on 10,872 participants (25–75 years
of age) reported that SBP was not different across categories of cheese consumption, but
DBP was significantly higher among men in the highest category of cheese consumption
compared to non-consumers [17]. In a methodologically strong cross-sectional analysis of
almost 5000 participants (25–94 years of age) from the National Heart, Lung and Blood
Institute (NHLBI) Family Heart Study, an inverse association between dairy intake and the
prevalence of HTN was reported, independent of calcium intake and observed mainly
among participants consuming less saturated fat [18]. A methodologically strong crosssectional analysis of 861 participants (18–74 years of age) in Iran showed an inverse
relationship between dairy consumption and HTN [19]. Finally, in a methodologically
neutral report from the French cohort of the Multinational Monitoring of Trends and
Determinants in Cardiovascular Disease (MONICA) study of 912 men (45–64 years of age),
a subgroup analysis of subjects not being treated for HTN showed a highly significant
inverse association between HTN and consumption of all dairy products [20].

Dairy Micronutrients: Calcium, Vitamin D, Potassium, and Phosphorous
Calcium and Vitamin D
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Bovine milk provides approximately 300 mg calcium per cup (21), representing 30% Daily
Value (DV) for this nutrient (DVs were developed by the US Food and Drug Administration
to help consumers compare the nutrient contents among products within the context of a
total daily diet). Dairy products overall contribute about 80% of the total calcium intake in
the American diet. Because a protective role of dairy against risk of HTN has been
suggested, a potential role for dietary calcium in prevention of high BP is plausible and has
been investigated. Early studies reported an inverse association between calcium
consumption and the probability of becoming hypertensive [22]. However, a Cochrane
systematic review of calcium supplementation found that evidence of a causal association
between calcium supplementation and BP reduction was weak, due to poor quality trials and
heterogeneity among trials [23].
The main source of vitamin D in the American diet is fortified milk. Milk in the United
States is fortified with approximately 200 IU vitamin D per cup [21] (30% DV); however,
other dairy products such as cheese, yogurt, and ice cream are not commonly fortified.
Vitamin D is critically linked to calcium status, as 1,25[OH]2D has three major effects on
calcium homeostasis: 1) calcium absorption from the small intestine; 2) calcium resorption
Curr Cardiovasc Risk Rep. Author manuscript; available in PMC 2012 February 28.
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from bone by osteoclasts; and 3) calcium resorption from the distal renal tubules. Low
vitamin D intake can lead to decreased calcium bioavailability and, therefore, also stimulates
the parathyroid hormone (PTH) system with results similar to those of low calcium intake.
Additionally, low vitamin D activates the renin-angiotensin-aldosterone system, causing
increased renin and stimulation of production of angiotensin II and aldosterone, which
increase BP directly by vasoconstriction and indirectly by sodium and water retention [24].
This one-year review identified two methodologically strong RCTs on calcium and vitamin
D (Table 2) [25•, 26•] and a systematic review from the Agency for Healthcare Research
and Quality (AHRQ) on vitamin D and calcium, conducted in support of the Institute of
Medicine (IOM) revision of Dietary Reference Intakes (DRI) [27]. One RCT, conducted in
the United States, compared consumption of dairy foods, BP, and intracellular calcium in 23
stage 1 hypertensive adults in a randomized crossover trial of 5 weeks per diet phase [25].
The diets included 1) a dairy-rich, high fruit and vegetable diet (total fat and saturated fatty
acid [SFA], 30% and 7% of energy, respectively, with 3.4 servings/d of dairy); 2) a high
fruit and vegetable diet (total fat and SFA, 30% and 7% of energy, respectively, with 0.4
servings/d of dairy); and 3) a control average Western diet (total fat and SFA, 36% and 15%
of energy, respectively, with 0.4 servings/d of dairy). SBP and DBP were significantly
decreased following the high dairy, high fruit and vegetable diet or the high fruit and
vegetable diet, compared to the average Western diet. Only the high dairy diet significantly
lowered serum 1,25[OH]2D and intracellular calcium, compared to the high fruit and
vegetable and Western diets, and this change was correlated with a significant decrease in
DBP. In subgroup analyses, those in the dairy group with decreased intracellular calcium
had a significantly greater decrease in DBP compared to those in the same group who did
not show a change in intracellular calcium. The second RCT was a sub-study of a 2-year
trial of 167 men over age 50 years in Australia [26•]. The men were randomized to either
400 mL/d of 1% milk fortified with calcium and vitamin D or no additional fortified milk.
Results showed that low-fat milk providing 1000 mg calcium and 800 IU of vitamin D per
day for 2 years did not change BP in this cohort.
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The AHRQ report on calcium and BP covered six systematic reviews and 69 RCTs on
calcium intake from foods and/or supplements [27]. Meta-analyses within the reviews
covered subjects with HTN, without HTN, and the general public with and without HTN.
Overall, the AHRQ report concluded that for individuals between 19 and 50 years, the
majority of studies show no effect of calcium supplementation on normotensive individuals,
but for hypertensive individuals there was significant lowering of SBP, but not DBP. The
review also included five longitudinal cohort studies on calcium intake and HTN incidence.
Of these, only the Women’s Health Study, with a 10-year follow-up, found a highly
significant trend across quintiles of calcium consumption, with significantly higher rates of
HTN among women in the lowest quintile of calcium intake [11]. Based on the five
longitudinal studies, the AHRQ report concluded that evidence of an association between
calcium intake and HTN incidence was inconsistent.
The AHRQ report on vitamin D and HTN and BP included cohort studies on the association
between serum 1,25[OH]2D concentrations and incidence of HTN, and RCTs on vitamin D
intake and changes in BP [27]. No systematic reviews that evaluated the association of
vitamin D intake and HTN risk were identified. The AHRQ synopsis on HTN incidence
focused on a combined analysis of subsets from the Health Professionals Follow-Up and the
Nurses’ Health studies. This combined analysis showed a higher incidence of HTN at 4
years in men and women with low baseline serum vitamin D (1,25[OH]2D< 37.5 nmol/L);
this was also seen in men, but not women, at 8 years. Only three RCTs were identified and
these were conducted in Germany, the United Kingdom, and India. These trials varied
widely in the dose of vitamin D (800 IU daily to 120,000 IU every 2 weeks), age range and

Curr Cardiovasc Risk Rep. Author manuscript; available in PMC 2012 February 28.

McGrane et al.

Page 6

sizes of subject groups, and the SBP and DBP outcomes. No conclusions were reached
based on these trials.
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Potassium
Milk provides approximately 350 mg of potassium per cup (11% DV) [21]. High dietary
potassium intake is associated with lower BP and maintaining adequate intake of dietary
potassium (>3500 mg/d) is recommended for the primary prevention of HTN by the JNC 7
[6]. Supplementation with potassium does not appear to provide added benefit, as a
Cochrane systematic review on potassium supplementation for the management of HTN
concluded that potassium supplementation in hypertensive individuals did not significantly
reduce BP [28]. Sodium and potassium have opposing effects on arterial vasodilation.
Increased dietary sodium intake leads to decreased endothelial synthesis of nitric oxide
(NO), a vasodilator, and increased plasma levels of dimethyl-L-arginine, an inhibitor of NO
synthesis. Increased potassium intake raises plasma potassium levels and this is associated
with endothelium-dependent vasodilation via stimulation of the sodium pump (Na-K
ATPase) and opening of potassium channels of the Na-K ATPase [2].
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Over the past year, there have been no new reports on the association between potassium in
dairy products and BP or HTN risk. However, a methodologically strong RCT on potassium
treatment was identified. This was a 12-week randomized crossover trial with 42 adult men
and women with untreated HTN conducted in the United Kingdom (Table 2) [29•]. The
interventions included 4-week crossovers of placebo, potassium chloride, and potassium
bicarbonate. Although no significant differences in resting BP were reported, a small but
significant difference in 24-hour ambulatory and average daytime SBP was reported across
the three treatment groups. Additionally, vascular endothelial function, arterial distensibility,
and left ventricular diastolic function were significantly improved with both potassium
chloride and potassium bicarbonate treatment. The potassium intakes achieved by both
treatments were in the range of the Institute of Medicine’s recommendation for potassium,
which was raised to 4700 mg/d in the 2005 Dietary Reference Intake (DRI).
Phosphorous
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Phosphorous, another mineral abundant in milk, is associated with calcium as a salt of
calcium phosphate. One cup of milk contains approximately 230 mg phosphorous (23% DV)
[21]. The International Study of Macro- and Micro-Nutrients and BP (INTERMAP), a crosssectional epidemiologic study of 17 population samples from Japan, China, the United
Kingdom, and the United States, found that dietary phosphorous was inversely associated
with BP, and correction for dietary and non-dietary confounders did not change this
association [30]. In addition, dietary calcium and magnesium, correlated with phosphorous,
were inversely associated with BP.
In the past year, one methodologically strong report was identified that examined two
prospective cohort studies on phosphorous and HTN (Table 3) [31•]. Alonso et al. [31•]
examined phosphorous intake, BP levels, and HTN risk in two prospective US cohort
studies, the Atherosclerosis Risk in Communities (ARIC) study and the Multi-Ethnic Study
of Atherosclerosis (MESA). The ARIC study included 15,792 middle-aged men and women
in four communities in the United States. The MESA study included 6814 middle-aged and
elderly men and women from six communities in the United States. After an average 6.2
years of follow-up of the combined cohort, phosphorus from dairy products, but not from
other sources, was associated with lower baseline BP and reduced risk of incident HTN.
This may indicate that the benefits of phosphorous intake are dependent on interactions with
other dairy components.
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Milk, a good source of high biological value protein, is particularly rich in essential and
branched-chain amino acids. Protein metabolites, such as small peptides, have been shown
to have bioactive properties that affect BP [32–34]. A significant emerging area of
investigation involves these small peptides derived from milk protein, primarily casein and
whey protein (casein is about 80% of milk protein). Casein facilitates calcium and phosphate
absorption in the small intestine and is the main substrate for production of bioactive
peptides. Small dairy peptides are the product of either digestion of milk protein in the
human small intestine, with the peptides absorbed intact, or lactobacilli fermentation of
milk. Certain of these bioactive molecules, referred to as lactotripeptides, have been studied
in detail (eg, Ile-Pro-Pro [IPP] and Val-Pro-Pro [VPP]). These lactotripeptides inhibit
angiotensin-converting enzyme (ACE) in vitro and are hypothesized to lower BP via this
mechanism (Fig. 1) [32, 33]. Other potential mechanisms for peptides from both milk casein
and whey proteins are opioid-like activities that can decrease BP [34]. In 2008, a metaanalysis of 15 RCTs with a total of 826 subjects that examined fermented milk or milkderived IPP and VPP showed a positive association between lactotripeptides and lower BP.
Most of the 15 trials were conducted with hypertensive individuals; however, two studies
were conducted among prehypertensive individuals [35]. Another recent review of the
evidence from 18 RCTs that tested lactotripeptides IPP and VPP (in either milk drinks or
tablets) showed lactotripeptides were effective in reducing elevated BP but not normotensive
BP. Effective doses for lactotripeptides ranged from 3.07 to 52.5 mg/d [36].
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Over the past year, five RCTs were identified on the effects of lactotripeptides on BP (Table
2). A methodologically strong RCT of 89 hypertensive subjects conducted in Finland
showed that treatment with high dose tripeptides for 12 weeks resulted in a significant
decrease in arterial stiffness, measured as augmentation index (AIx), but no significant
change in SBP, DBP, or in endothelial function [37•]. In a methodologically neutral, small
RCT in Japan, 30 hypertensive participants were provided sour milk for 8 weeks. Results
showed that morning and evening home SBP was significantly decreased at 4 weeks, and
night sleep SBP was significantly decreased at 8 weeks. It was also noted that reduced
intake of salt may further increase the BP-lowering effects of lactotripeptides in
hypertensive subjects [38•]. A methodologically strong, large parallel trial of 166
prehypertensive subjects in the Netherlands showed that lactotripeptides in dairy drinks with
comparable electrolyte and protein composition lowered DBP in a dose-dependent manner
[39•]. In two separate reports from one methodologically neutral RCT, Usinger et al.
measured the effects of fermented milk on ambulatory BP [40] and markers of the reninangiotensin-aldosterone system [41•] in 94 prehypertensive subjects in Denmark.
Participants were randomized to three treatment groups, with daily intake of 150 mL or 300
mL of fermented milk or placebo. The results showed no significant differences between
groups in SBP or DBP with repeated 24-hour ambulatory BP measurements and no
inhibition of ACE after 8 weeks, although there was a decrease in sympathetic activity.
However, the 300-mL milk group showed significant within-group reduction in SBP and
DBP at 8 wks by 24-hour ambulatory measures.
Overall, the recently published RCTs on fermented milk or lactotripeptides show variable
effects on SBP and DBP and related vascular outcomes in both hypertensive and
prehypertensive individuals.

Benefits of Low-Fat versus Whole-Fat Dairy
Possible relative benefits of consuming low-fat dairy versus whole-fat dairy involve
decreased saturated fatty acids (SFA) in the milk. SFA present in triglycerides account for
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95% of the lipid fraction of whole milk [42]. The main dairy SFA include short-chain
butyric (4:0), caprylic (8:0), and capric (10:0) acids, and medium and longer chain lauric
(12:0), myristic (14:0), and palmitic (16:0) acids. The medium and longer chain fatty acids
increase serum low-density lipoprotein cholesterol and are atherogenic. Atherosclerotic
plaque development causes increased vascular endothelial cell dysfunction, increased
vascular smooth muscle cell growth, and interstitial collagen synthesis, all of which decrease
vascular plasticity and increase vascular resistance.
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Many of the large prospective cohort studies included in the 2010 DGAC review covered
the literature from 2004 to 2009 and reported benefits from consumption of low-fat versus
whole-fat dairy products. The SUN cohort study reported a 54% reduction in incident HTN
among individuals with high consumption of low-fat, but not whole-fat, dairy products [12].
In the Women’s Health Study, the risk of HTN was inversely associated with total dairy and
low-fat dairy consumption, but not whole-fat dairy consumption [11]. Similarly, middleaged subjects with high cardiovascular risk in the PREDIMED study exhibited an inverse
association between low-fat dairy intake and SBP and a significant decrease in risk of HTN
comparing the lowest versus the highest quintile of low-fat dairy intake [12]. No association
was found with whole-fat dairy [13]. Other studies that preceded the time range of the 2010
DGAC report included at-risk cohorts not represented in the DGAC review, such as the
Coronary Artery Risk Development in Young Adults (CARDIA) study of overweight
African Americans and whites. In this study, total dairy intake, particularly low-fat dairy
intake, was inversely associated with metabolic syndrome incidence, including high BP, in
both groups [43].
The 1-year review identified one methodologically strong RCT (Table 2) and one
methodologically strong prospective cohort study on low-fat versus whole-fat dairy (Table
3). The RCT was conducted among 45 normotensive young men and women in Spain who
received 3.5 servings/day of whole-fat or low-fat dairy products (milk and yogurt), in
addition to their usual diet during an 8-week crossover trial. Whole-fat dairy intake
significantly increased SBP and body weight but not DBP. Low-fat dairy, on the other hand,
did not change BP or body weight significantly after the intervention. Overall, there was no
significant difference in the effect of low-fat versus whole-fat dairy on BP, although wholefat dairy increased body weight significantly compared to low-fat dairy [44•].
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Alonso et al. [45•] reported further results from the ARIC Study, involving an analysis of
6912 Caucasian and 1296 African-American non-hypertensive men and women from four
communities in the United States. After 9 years, SBP in Caucasians consuming more than 3
low-fat dairy servings per day increased significantly less than in those consuming less than
1 serving per week. However, among African Americans, neither whole-fat nor low-fat
dairy consumption was associated with changes in BP over time. The investigators noted
that the results in the African American subgroup should be interpreted cautiously, given the
results of other cohort studies, such as the CARDIA study cited above and the DASH trial
discussed below.

Dietary Patterns
Examining dietary patterns rather than only individual nutrients or food groups can help
determine the effects of a combination of nutrients as they occur together in foods as
consumed. The Dietary Approaches to Stop Hypertension (DASH) trial provided landmark
evidence that nutrients and also food groups and whole eating patterns can influence blood
pressure [46]. This randomized crossover trial tested three patterns: 1) a control Western
diet; 2) a diet high in fruits and vegetables; and 3) a combination diet with high fruits and
vegetables and low-fat dairy. The combination DASH diet had lower amounts of total fat,
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SFA, and cholesterol and provided potassium, magnesium, and calcium at levels
approximating the 75th percentile of US consumption, with high levels of fiber and protein.
There were no differences in sodium intake among the three arms of the trial (~3 g/d). Both
the high fruits and vegetables diet and the combination diet decreased BP in prehypertensive
and stage 1 HTN individuals, as well as in persons with isolated systolic HTN. The benefits
were greatest (ie, the largest) for clinically significant decreases in SBP and DBP in the
combination diet group, which added 2 to 3 servings of low-fat dairy per day. A subgroup
analysis showed that BP-lowering effects were more pronounced in hypertensive and
African American participants [47]. Additionally, decreased sodium intake plus the DASH
diet reduced BP even further in stage 1 hypertensive individuals [48], and this was
maintained for over 1 year despite a gradual increase in sodium intake over that time period
[49].
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The 1-year review identified one methodologically strong prospective cohort study, an
update of the SUN study that followed 10,800 men and women who were initially free of
HTN for a median of 4.6 years in Spain (Table 3) [50•]. Over this period, 640 participants
reported a first diagnosis of HTN, and level of adherence to 15 different a priori–defined
healthy food patterns was scored. The 15 dietary patterns included the DASH combination
diet, five Mediterranean diet–related patterns, the Diet Quality Index-International, the
Recommended Food Score, the Quantitative Index for Dietary Diversity (both total energy
intake and grams of intake), the Healthy Eating Index, the Alternate Healthy Eating Index,
and the Dietary Guidelines for Americans Adherence Index. Overall, adherence to only one
dietary pattern, the DASH combination diet pattern, was significantly associated with lower
risk for developing HTN. None of the other healthy food patterns, including the five
Mediterranean diet–related patterns, showed this inverse association with HTN risk.
Additionally, there was no association between lower risk of HTN and whole-fat dairy
consumption.

Conclusions
The 2010 DGAC Report reviewed literature from 2004 to 2009 and concluded there was
moderate evidence of an inverse relationship between the intake of milk and milk products
and blood pressure. This updated, 1-year review (2009–2010) reports on vitamin D, calcium,
potassium, phosphorous, bioactive small peptides, low-fat dairy products, and low-fat dairy
dietary patterns and provides further evidence that dairy intake may improve BP and
decrease HTN risk. The unique dairy micronutrient composition together with low sodium,
high protein, and bioactive lactotripeptides may offer combined protective effects.
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The 2010 DGAC advocated new RCTs to determine whether dairy products alter blood
pressure, noting the potential for confounding adding complexity to this research. Also,
additional investigation is warranted on potential impact of bioactive small peptides derived
from milk proteins. Results from current RCTs on fermented milk or lactotripeptides are
variable. Finally, ongoing analyses from the DASH study showed long-term BP benefits
from adherence to the combination diet with low-fat dairy, but not all studies and
populations report similar results. Because dairy fat is primarily saturated fat, including
medium and longer chain fatty acids that are atherogenic and potentially counter the benefits
of dairy consumption, further research is required to determine risk/benefit of dairy-specific
SFA within the overall context of the eating pattern.
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Fig. 1.

Role of angiotensin-converting enzyme (ACE) in reninangiotensin and kininogenbradykinin system. ACE removes the C-terminal dipeptide from the decapeptide angiotensin
I to produce angiotensin II. Angiotensin II is a vasoconstrictor and stimulates aldosterone
release, which leads to sodium and water retention by the kidneys and increased blood
volume. ACE also inactivates the vasodilator bradykinin by cleaving the C-terminal
dipeptide and releasing inactive fragments, further contributing to increased blood pressure.
Lactotripeptides competitively bind to the active site of ACE and inhibit ACE activity
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Table 1

Classification of blood pressure for adult
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Blood pressure classification

SBP/DBP, mm Hg

Normal

< 120 / < 80

Prehypertension

SBP 120–139 or DBP 80–89

Hypertension stage 1

SBP 140–159 or DBP 90–99

Hypertension stage 2

SBP≥160 or DBP≥100

DBP diastolic blood pressure; SBP systolic blood pressure
(From the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure: the JNC 7
report [6].)
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Table 2

Randomized controlled trials of the effects of dairy intake on blood pressure

NIH-PA Author Manuscript

Author (year), quality

Subject characteristics

Intervention

Duration

Outcomes

Alonso et al. [44•] (2009)

45 normotensive men and
women

3.5 servings/day whole- or
low-fat dairy (milk and
yogurt)

8-week crossover trial

Whole-fat dairy ↑
SBPa [2.1 mm Hg;
95% CI, 0.1–4.0;
P=0.04], NS: DBP

Methodologically strong

Age 18–24 y Spain

Daly and Nowson [26•]
(2009)

167 white men with and
without HTN

400 mL/day 1% milk fortified
with 1000 mg Ca and 800 IU
vitamin D

Methodologically strong

Age>50 y

Control group with no
additional fortified milk

NS low- versus
whole-fat dairy on
SBP or DBP
2-year parallel trial

NS: SBP or DBP

8-week parallel trial

↓ DBP dosedependently with IPP
+VPP (P<0.05), NS:
SBP

4-week crossover trial

↓ 24-hourb SBP
across 3 treatments
(P=0.043), NS: DBP

5-week crossover trial

↓ SBP and DBP with
high-dairy, high fruit
& vegetable diet
(−12.0/−7.0 mm Hg)
or a high fruit &
vegetable diet
(−12.3/−7.2 mm Hg)
vs control (−9.9/−5.3
mm Hg) (P<0.05)

12-week parallel trial

NS: SBP or DBP

8-week parallel trial

NS: between-group
24-hour SBP or DBP

Australia
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De Leeuw et al. [38•]
(2009)

166 prehypertensive men
and women

IPP+VPP dairy drinks with
increasing dose: 2.3, 4.6, and
9 mg/200 g

Methodologically strong

Age 35–70 y

Placebo

Netherlands

Comparable electrolyte and
protein composition

He et al.[29•] (2010)

42 men and women with
untreated HTN (140–
170/90–105 mm Hg)

10 potassium bicarbonate
(KHCO3) capsules/day
(potassium: 0.64 g/capsule)

Methodologically strong

Age 17–75 y

10 potassium chloride (KCl)
capsules/day (potassium: 0.48
g/ capsule)

United Kingdom

Placebo

Hilpert et al. [25•] (2009)

23 untreated stage 1
hypertensive white men
and women

Dairy-rich, high fruit and
vegetable diet (total fat and
SFA, 30% and 7% energy,
with 3.4 servings/day dairy)

Methodologically strong

Age 22–70 y

High fruit and vegetable diet
(total fat and SFA, 30% and
7% energy, with 0.4 servings/
day dairy)

United States

Control Western diet (total fat
and SFA, 36% and 15%
energy, with 0.4 servings/day
dairy)

Jauhiainen et al. [37•]
(2010)

89 hypertensive subjects

L. helveticus fermented milk
product:

Methodologically strong

Age 25–55 y

1 daily 200-mL dose (IPP 1.2
mg+VPP 1.3 mg/100 g)

Finland

2 daily 200-mL doses (IPP 5.8
mg+VPP 6.6 mg/100 g)
Placebo

Usinger et al. [40] (2010)

94 prehypertensive men
and women

150 mL fermented milk (0.55
mg IPP+1.25 mg VPP)

Methodologically neutral

Age 42–66 y

300 mL fermented milk (1.1
mg IPP+2.5 mg VPP)
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Author (year), quality

Subject characteristics

Intervention
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Denmark

Placebo

Usinger et al. [41•] (2010)

94 prehypertensive men
and women

150 mL fermented milk (0.55
mg IPP+1.25 mg VPP)

Methodologically neutral

Age 42–66 y

300 mL fermented milk (1.1
mg IPP+2.5 mg VPP)

Denmark

Placebo

Yamasue et al. [38•] (2010)

30 hypertensive men and
women

200 mL sour milk with 2.66
mg VPP and 1.88 mg IPP
twice daily

Methodologically neutral

Age 23–69 y

Control group not taking IPP
+VPP

Japan

Duration

Outcomes

8-week parallel trial

NS: SBP or DBP

8-week parallel trial

↓ Night sleep (24hour) SBP (120 and
119 mm Hg at 4 and 8
weeks) vs baseline
(124 mm Hg) (P
=0.039 at 4 weeks;
P=0.027 at 8 weeks),
NS: DBP
↓ Morning and
evening (24-hour)
SBP (133 and 129
mm Hg) vs baseline
(136 and 132 mm Hg)
at 4 weeks (P=0.008
morning; P=0.019
evening), NS: DBP
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a

5-minute rest, sitting blood pressure measurement unless otherwise indicated

b

24 hour ambulatory blood pressure measurement

DBP—diastolic blood pressure, IPP—isoleucine-proline-proline; NS—not significant; SBP—systolic blood pressure; VPP—valine-proline-proline
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White and African
American
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SUN study cohort:

10,800 men and women
initially free of
hypertension

Toledo et al. [50•] (2010)

Methodologically strong

United States

Aged 45–84 y

White, African American,
Hispanic, and Chinese
American

6814 men and women

MESA Study:

United States

Measured HR for HTN risk according
to adherence to diet pattern

Cohort assessed on adherence to 15
different healthy food patterns with
score

Association of phosphorous intake and
HTN risk hazard ratio

15,792 men and women

Methodologically strong

Aged 45–64 years

SBP and DBP longitudinal prospective

ARIC study:

Baseline cross-sectional

Association between dairy product
intake and changes in BP over time
assessed by general linear models for
repeated measures

Outcomes measured

Alonso et al. [31•] (2010)

United States

Aged 45–64 years

6912 Caucasian and 1296
African American
normotensive men and
women

ARIC study subgroup:

Alonso et al. [45•] (2009)

Methodologically strong

Design/cohort

Author (year), quality

4.6-year follow-up

Average 6.2- year
follow-up
combined cohort

Baseline

9-year follow-up

Duration

Higher adherence to DASH
associated with ↓ HTN risk;

640 diagnoses of HTN

HR: 0.86 [95% CI, 0.76–0.97]; P
trend=0.01) for P from dairy and
1.04 (95% CI, 0.93–1.17; P
trend=0.48) for P from other foods

P from dairy but not other sources
associated with ↓ baseline BP and
↓ HTN risk

Phosphorous (P) inversely
associated with ↓ HTN risk (HR:
0.80 [95% CI, 0.80–1.00]; P
trend=0.02); adjustment nondietary (HR 1.01 [95% CI, 0.82–
1.23], P trend=0.88

3345 diagnoses of HTN

2nd model adjusted for BMI, family
history of HTN, energy intake,
smoking, physical activity

Cox regression model adjusted for
age and sex

3rd model: Ca, K, Mg, Na, vitamin
D, fruits, vegetables, and whole
grains

2nd model: study site, BMI, waist
circumference, education, income,
physical activity, glomerular
filtration rate, cigarettes, alcohol,
and energy intake

Initial model included quintiles of P
intake, with age, sex, and race as
adjustment variables

Independent variables: age, sex,
study center, BMI, waist/hip,
physical activity, smoking, total
energy, alcohol, Na, K, fruits,
vegetables, dairy products, and
study visit

↑ SBP 2.7 mm Hg less (95% CI,
−0.3 to 6.0) in whites
consuming>3 low-fat milk
servings/day vs those consuming<1
serving/week (P for trend=0.01),
NS: DBP
For African-Americans, whole-fat
or low-fat dairy NS: DBP or DBP

Adjustments

Findings

Prospective cohort studies on association between dairy intake and blood pressure change or hypertension risk
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No association between other diet
patterns and risk

HR=0.48 (95% CI, 0.21–1.09), P
trend=0.02

Findings

BMI body mass index; BP blood pressure; DBP diastolic blood pressure; HTN hypertension; NS not significant; SBP systolic blood pressure

Spain

Age 25–54 years

Outcomes measured

NIH-PA Author Manuscript

Design/cohort

Adjustments
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