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Causes of Hypertension
• Genetic factors
• Obesity
• Hypertension promoting substances
• Hypertension is in most cases a mix of these
three factors

Genetic
• 30-60% genetic influence

Morgado,Pediatr Cardiol 2015; Timberlake, Curr Opin

Nephrol Hypertens 2001

• In children 3-6% hypertension

Hansen, Jama 2007

Obesity
• Abdominal obesity is an important cause of hypertension
• The visceral fat leads to insulin resistance (IR)
• Waist circumference is dominant over weight and BMI. Even with
normal weight, high WC is risk factor for high BP.
Waist 80 cm/32 Inch
female or 94 cm/38 Inch
male

Waist <88 cm/35 Inch
female or <102 cm/41 Inch
male

Waist ≥ 88 cm female or ≥
102 cm male

BMI kg/m2

No elevated risk of
Coronary Heart Disease
(death) and type 2 DM

Elevated risk of Coronary
Heart Disease (death) and
type 2 DM by risk factors 1

Comorbidities2

≥25- < 30

Slightly elevated

Strongly elevated

Strongly elevated

≥30- < 35 stage I

Strongly elevated

Strongly elevated

Strongly elevated

≥35- < 40 stage II

Strongly elevated

Strongly elevated

Extremely elevated

≥40

Extremely elevated

Extremely elevated

Extremely elevated

stage III

1: 10-year risk of death of CHD > 5% or impaired fasting glucose
2: having type 2 DM, CHD, sleep apnoea, osteo arthritis.

What is insulin resistance (IR)
Insulin resistance is the result of a cascade of physiological events:
 Hyperfagia (an abundant intake of carbohydrates and saturated fats) leads
to positive energy balance and weight gain
 Subcutaneous adipose tissues get overfilled, adipose cells enlarge
 Continuous weight gain leads to fat storage outside fatty tissues into the
abdomen (visceral fat), and also in the muscles and liver
 The fat stored in these locations has a different metabolism which is
characterised by:
1. hypoxia
2. low-grade chronic inflammation in adipose tissue
3. infiltration of macrophages
4. a rise in leptin, causing constant appetite
5. a drop in adiponectin, causing hypertension
6. a rise in pro-imflammatory citokines: TNF-a, IL-1β and IL-6
Goossens, Physiol Behav, 2008

The role of adiponectin
• Adipocytes produce a variety of endocrine factors
called adipokines/adipocytokines. Obesity-associated
changes to these adipocytokines contribute to the
development of cardiovascular diseases.
• Adiponectin is produced exclusively by adipocytes and
has insulin-sensitizing and anti-atherogenic effects.
• Obese subjects have lower levels of circulating
adiponectin, one of the factors leading to obesityinduced insulin resistance and atherosclerosis.
Matsuda, Horm Mol Biol Clin Investig, 2014

Weight loss is crucial
•
•
•
•
•
•

Loss of 10% WC
Even if BMI is <25 kg/m2
BP
Glucose
Cholesterol
Triglycerides

• Location of the waist
measurement should be
just below the lowest rib,
and not halfway the
lowest rib and the upper
rim of the pelvis, because
this location correlates
better with high blood
pressure, cholesterol, IR,
impaired glucose
tolerance and T2 DM. Miller,
PloS One 2015

Diet
• Insulin resistance asks for a carbohydrate
restriction
• Most energy restricted diets are a restriction
compared to usual intake
• The larger the WC, the lower the carbohydrate
intake

Important features of the low
carb/high protein diet
Nutrient
Energy

Content
Individually assessed

Quantity
600 calories deficit of usual
intake
At least 1.0 g/kg actual weight up to
1.2 g/kg actual weight, evenly spread
over three meals; comparable to: 3030-30.

Protein

Individually assessed; large intake
of dairy; egg, fish, chicken; shell
fish; moderate red meat;
Pulses in phase 2 and 3

Leucine
Carbohydrates

From protein
3 phases; phase 2 and 3
individually assessed

3 grams per meal
Phase 1: 36 grams
Phase 2: 50-100 grams
Phase 3: 75-125 grams

Fat
Fibre

Individually assessed
From vegetables, nuts, fruit,
pulses; grains

Promotion of PUFA and MUFA
Per day: vegetables large portion 2
times; 25 grams of nuts;
1 or 2 servings of fruit

Alcohol

Total restriction in phase 1; very
modest in phase 2 and 3

Phase 2 and 3: 1 glass of wine twice
a week

Vitamin D
Iodine

Suppletion
Suppletion can be necessary:
iodine piccolinate

400-800 IU (10-20 mcg/day)
150 mcg/day

Magnesium

Meat, fish, dairy, cheese,
vegetables, pulses, potatoes and
grains

300 mg/day

Exersize

Combination of resistance training
and fitness

30-60 minutes per day

Govers, Obesity Open Access, 2017

Hypertension promoting substances
• Sodium/natrium
• Glycyrrhizine
• Alcohol
Beneficial effects of:
• Potassium
• Calcium
• Fiber

Sodium
• Daily average intake 8 grams NaCl
• In the UK 0,8 grams fall since 2006!
• Largest intake through industrially produced
foods
• Desired intake 6 grams/day (2400mg
sodium/natrium)
• In hypertension: 5 grams/day (2000 mg
sodium/natrium)
NHNS 2016

Salt sensitivity
Salt-Resistant

Salt-Sensitive

Young

Aged

Middle-aged

Hypertensive

Normotensive

African-American

Caucasian

Chronic kidney disease
History of pre-eclampsia
Low birth weight

Farquhar, J Am Coll Cardiol, 2015

BP Independent Effects of High
Dietary Sodium
High dietary sodium can
cause target organ
damage and may have
direct effects on the brain,
heart, kidneys, and
vasculature. These effects
can be independent of
changes in BP.
Farquhar, J Am Coll Cardiol, 2015

Glycyrrhizine
• Present in Glycyrrhiza glabra, ouzo, pernod,
tobacco, chewing gum, winegums, cough
syrup and throat pastilles.
• Largest intake: herbal teas with Glycyrrhiza
glabra, liquorice.

Negative effect
• Glycyrrhine is metabolised in glycyrrhetinic acid
that inhibits 11-β-HSD2, responsible for
conversion of cortisol into cortisone.
• 100-200% rise in cortisone secretion/urine
Best, Clinic Endocrin, 1997

• Free cortisol leads to:
1) sodium retention and potassium secretion
2) Suppresion of RAAS (Lower renine and
aldosteron concentrations =
(pseudo)hyperaldosteronism)

Daily intake
• >95 mg glycyrrhizine acid -> BP ↑

Sigurjonsdottir, J Hum

Hypertens. 2001 & 2003; Ferrari, Hypertension 2001;

• 9,5 mg per day is a safe dose

Gelderen, J Hum Exp Toxicol, 2000; Bernardi,

Life Sci. 1994; MacKenzie, J Clin Endocrinol Metab. 1990

• Equals 1 cup of tea or 4 small licorice

Alcohol
•

•

•

A meta-analysis investigating the association between ALDH2 genotype1 and
hypertension showed that men with the *1*1 genotype (highest alcohol intake)
and those with the *1*2 genotype (intermediate alcohol intake) were 2.42 and
1.72 times more likely, to have hypertension than those with the *2*2 genotype
(lowest alcohol intake).
Systolic and diastolic blood pressures showed a similar relationship to ALDH2
genotype in a second meta-analysis of relevant studies.
Estimated that for men the lifetime effect of drinking 1 g of alcohol a day would be
an increase in systolic blood pressure of 0.24 mmHg. Chen, PLoS Med, 2008

•
•
•
•
•

One unit of alcohol contains 10 ml of alcohol (UK).
In the UK people are advised not to take more than 14 units per week
In the US: women 7 units/week; men 14.
Remarkable: UK 1 glass of wine = 175 ml; 1 pint of beer/cider 568 ml
US 1 glass of wine = 140 ml; 1 pint beer 400 ml.

•

1 = aldehyde dehydrogenase 2

Potassium
•
•
•
•

•

Diets low in fruit, vegetables, pulses are low in potassium
Meta-analyses (917 patients): potassium supplementation resulted in reduction of
SBP by 4.7 mmHg (95% CI 2.4-7.0) and DBP by 3.5 mmHg (95% CI 1.3-5.7) in all
patients.
Greater effect in hypertensive patients, with a reduction of SBP by 6.8 mmHg (95%
CI 4.3-9.3) and DBP by 4.6 mmHg (95% CI 1.8-7.5).
Both increased daily potassium excretion and decreased sodium-to-potassium
ratio were associated with blood pressure reduction (P < 0.05). Estimated effect
was obtained by increased total daily potassium urinary excretion from 60 to
100 mmol/day and decrease of sodium-to-potassium ratio.
Potassium supplementation is associated with reduction of blood pressure in
patients who are not on antihypertensive medication, and the effect is significant
in hypertensive patients. The reduction in blood pressure significantly correlates
with decreased daily urinary sodium-to-potassium ratio and increased urinary
potassium. Patients with elevated blood pressure may benefit from increased
potassium intake along with controlled or decreased sodium intake.
Binia, J Hypertens, 2015

•

Sufficient potassium intake combined with sodium reduction can be a forceful
preventive measurement before patients are put on antihypertensive medication

Calcium
Meta-analysis of 40 RCT’s (n=2492):
• Calcium supplementation (mean daily dose: 1200 mg)
reduced systolic BP by -1.86 mm Hg (95% CI: -2.91 to 0.81) and diastolic BP by -0.99 mm Hg (-1.61 to -0.37).
• In people with a relatively low calcium intake (≤ 800 mg
per day) BP estimates were obtained, that is, -2.63 (-4.03
to -1.24) for systolic BP and -1.30 (-2.13 to -0.47) for
diastolic BP. Van Mierlo, J Hum Hypert , 2006
• In practice: daily intake ≤ 400 mg/day can lead to high BP

Fiber
• Meta analysis on fiber supplementation
(average dose, 11.5 g/d) changed systolic BP
by -1.13 mm Hg (95% CI: -2.49 to 0.23) and
diastolic BP by -1.26 mm Hg (-2.04 to -0.48).
• Reductions in BP tended to be larger in older
(>40 years) and in hypertensive populations
than in younger and in normotensive ones.
Streppel, Arch Int Med, 2005

Lifestyle
Hypertension treatment should also include
in addition to diet & weight loss:
1) Sufficient hours of sleep ≥ hours per night
2) Stress management
3) Daily exersize (brisk walking, cycling,
swimming) ≥ 30 minutes per day

Conclusions
Weight loss is crucial if WC is too large
Bring down intake of hypertension promoting
substances (sodium, glycyrrhizine, alcohol)
Promote potassium, calcium and fiber intake
Promote sufficient exersize
Promote sufficient sleep
Promote stress reduction

Questions

