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Definition of hypertension

4

Systolic blood pressure (SBP) ≥140 mm Hg or 

Diastolic blood pressure (DBP) ≥ 90 mm Hg or

Use of anti-hypertensive medication

Hypertension – definition and prevalence

Physical 
activity

Diet
Smoking
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Hypertension – definition and prevalence
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Hypertension in the UK
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Hypertension – definition and prevalence

Townsend et al.  2012
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Hypertension – definition and prevalence
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Cardiovascular disease in the UK
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32 % of all 
deaths

Townsend et al.  2012

Hypertension – definition and prevalence
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Increasing strength of evidence

Hypertension - role of diet
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Hypertension – role of diet

Appel et al. J Am Soc Hypertens. 2010

• Vegetarian
• DASH diet

• Weight loss
• Low sodium
• High 

potassium
• Moderate 

alcohol

• Fish oil
• Fibre
• Calcium and 

magnesium
• Protein
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Hypertension – role of diet
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Diet and blood pressure: clinical trial
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Hypertension – role of diet

Appel et al. N Engl J Med. 1997
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Dietary patterns and blood pressure: diets
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• Low
(2 s/d)

• Low
(0.5 s/d)

• Typical total and 
saturated fat intake

• High
(8 s/d)

• Low
(0.3 s/d)

• Typical total and 
saturated fat intake

• High
(9 s/d)

• High
(3 s/d)

• Low total and 
saturated fat intake

Control Fruit/vegetable Combination

Hypertension – role of diet

Appel et al. N Engl J Med. 1997
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Clinical trial results
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Hypertension – role of diet

Appel et al. N Engl J Med. 1997
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Follow up study: DASH II

• High sodium (150 mmol/d), intermediate (100 mmol/d) or low (50 mmol/d)

15

Hypertension – role of diet

Sacks et al. N Engl J Med. 2001
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Hypertension – role of diet
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Hypertension – role of dairy

Soedamah-Muthu et al. Hypertension. 2012



K.M Livingstone, Dairy Council (NI), 2013

Total dairy intake and hypertension
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Hypertension – role of dairy

Soedamah-Muthu et al. 2012
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Low-fat dairy intake and hypertension
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Hypertension – role of dairy

Soedamah-Muthu et al. 2012
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Milk intake and hypertension
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Hypertension – role of dairy

Soedamah-Muthu et al. 2012
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Pitfalls with brachial blood 
pressure?

Inaccurate/imprecise
Hypertension is a late 
manifestation of CVD

Alerting reaction when 
measured

Pressure amplification 
in our arms

Hypertension – role of dairy

Franklin et al. 2008



K.M Livingstone, Dairy Council (NI), 2013

Beyond brachial blood pressure?
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Hypertension – role of dairy

Briet et al. 2012
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Arterial stiffness

24

Aortic Pulse Wave Velocity (aPWV):
Speed of blood flow from the carotid to the femoral artery (metres per 
second). 
- The higher the aPWV, the greater the arterial stiffness.

Augmentation Index (AIx):
Ratio calculated from the blood pressure waveform, it is a measure of 
wave reflection (percentage).
- Increased AIx suggests increased arterial stiffness.

Pulse wave velocity and augmentation index are strong, 
independent predictor of CVD events and all cause mortality 
(Vlachopoulos et al. 2010; Janner et al., 2012)

Hypertension – role of dairy
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Hypertension – role of dairy

Crichton et al. 2012
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Hypertension – role of dairy

Dairy intake and Pulse Wave Velocity

Crichton et al. 2012

0.9 m/s
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Hypertension – role of dairy

Livingstone et al. Hypertension. 2013 , 61, 42-47.
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Caerphilly Prospective Study
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• Phase 1 (P1; 1979)

• 2,512 men from 
Wales

• Aged 45-59 years

• 5-year intervals for 
22.8 ± 1.2 years

• P2 (1984)

• P3 (1994)

• P4  (1999)

• P5 (2004)

• Food frequency 
questionnaire (FFQ)

• Blood sample

• Blood pressure

• Arterial Stiffness: 
Pulse Wave Velocity/ 
Augmentation Index

Subjects Follow-up Assessments

Caerphilly Prospective Study

Livingstone et al. Hypertension. 2013 , 61, 42-47.
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Milk intake predicts Systolic Blood Pressure
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10.4 mmHg lower

At mean phase (P) 1-3, increasing milk consumption was associated with a lower phase 5  SBP 
(Coefficient: -0.013 ± 0.006, P trend=0.033)

0                  284                 426               625

Livingstone et al. Hypertension. 2013 , 61, 42-47.

Hypertension – role of dairy

(ml/day)
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Dairy intake predicts Augmentation Index

30

1.8 %  lower

At mean phase (P) 1-3, increasing dairy consumption was associated with a lower phase 5  
augmentation index (Coefficient: -0.613 ± 0.266, P trend=0.021)

0              284                 426                6250 – 296        96 – 307      307 – 440      440- 698                    

Hypertension – role of dairy

Livingstone et al. Hypertension. 2013 , 61, 42-47.

(g/day)
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Butter intake predict Pulse Wave Velocity

31

6.0 m/s lower

At phase (P) 2, increasing butter consumption was associated with a higher phase 5  pulse wave 
velocity (Coefficient: 0.211 ± 0.089, P trend=0.018)

0           2.0 – 16.2     17.9 – 32.4      37.0 – 129.6

Hypertension – role of dairy

Livingstone et al. Hypertension. 2013 , 61, 42-47.

(g/day)
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Blood pressure regulation
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Short term Long term

Hypertension – potential mechanisms
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Hypertension – potential mechanisms
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Potential mechanisms for dairy
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van Meijl et al. (2008) Nutr Res Rev;
Turpeinen et al. (2004)  Annals of Medicine
FitzGerald et al. (2004) J Nutr;134:980S-988S.

• Magnesium, 
Potassium and 
Calcium

• Bioactive peptides

• Similar to blood pressure?
• L-arganine precursor of 

nitric oxide?

Hypertension – potential mechanisms
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Conclusions

36

Dairy products lower blood pressure but 
also arterial stiffness

General conclusions
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Thank you.
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Thank you! 

Contact: k.m.livingstone@pgr.reading.ac.uk



K.M Livingstone, Dairy Council (NI), 2013 39

Cheese:

P=0.032 P=0.031

P=0.015 P=0.025

0 – 296       96 – 307     307 – 440     4 40- 698                    

0 – 11.9     12.0 – 16.2   16.2 – 22.4  22.5 – 86.5

Milk:

Results : cross-sectional metabolic markers

Dairy products:

0              284                 426                625

0 – 11.9     12.0 – 16.2   16.2 – 22.4  22.5 – 86.5

Livingstone et al. Hypertension. 2013 , 61, 42-47.
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P=0.002 P=0.010

P=0.027P=0.011

0 – 7.2      7.4 – 16.2  16.2 – 27.0   27.0 – 129.6                     

Total cholesterol:

Results : cross-sectional, butter intake

LDL-cholesterol:

Diastolic blood pressure:Insulin:

0 – 7.2      7.4 – 16.2  16.2 – 27.0   27.0 – 129.6                     

0 – 7.2      7.4 – 16.2  16.2 – 27.0   27.0 – 129.6                     0 – 7.2      7.4 – 16.2  16.2 – 27.0   27.0 – 129.6                     

Livingstone et al. Hypertension. 2013 , 61, 42-47.
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