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Time period 80 ς09
Values from WHO

Systolic blood pressure in mmHg (not age-standardized)

In 180
countries



coefficientof
regression(b)

Average systolic values from 1980 to 2009 from WHO

Average systolic in mmHg (not age-standardized)

p<0.05
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coefficientof
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Average systolic values from 1980 to 2009 from WHO

Average systolic in mmHg (not age-standardized)

p<0.05
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betas of linear predictions (male and female) based on raw values from WHO (1980 ς2009)
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Blood Pressure

coefficient of regression 
female against male

1.43 (CI 1.36-1.52); p=0.001 



Åif the development is towards higher values of blood pressure 
(or negligible in male), female trends are ever so often more rapid

Åif the development is towards lower values of blood pressure, it is
usually more rapid in the female sex

female trends are highly significant

Ý countries with largest gender gaps ŀǊŜΧ

Top 2% Burkina Faso towards higher values
Mali
Niger
Nigeria

Top 2% Czech Republic towards lower values
Spain
Estonia
Malta
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CI

b =0.85 (CI 0.78-0.92) 

PCA

Blood Glucose
Blood Pressure
BMI

ÅǿƻƳŜƴΩǎ ǾŀƭǳŜǎ ŀǊŜ ƴƻƴ-uniformely distributed amongst different 
countries

ÅƳŜƴΩǎ ǾŀƭǳŜǎ ŀǊŜ ǳƴƛŦƻǊƳŜƭȅ ŘƛǎǘǊƛōǳǘŜŘ ŀƳƻƴƎǎǘ ŘƛŦŦŜǊŜƴǘ 
countries



Predictions based on 1980 ς2009
Raw Values from WHO

Non-linear predictions; Average systolic blood pressure
Add to baseline 
of 2009
(in mmHg)
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Åavailable patient cohort study from May 2008 in Kanton Basel (BS, BL) and 
Luzern

Åinclusion criteria: blood pressure >180 mmHg/>110 mmHg, age > 20 y

Ådiscriminant analysis, logistic regression, categorical regression, multi 
layer perceptrons 

Åprimary care questionnaire
Χ ƛƴ ŀŘŘƛǘƛƻƴ ǘƻ Age andGender, data on Blood pressure, Drugs, Emergency therapy, Follow-up
therapy, Cardiovascular risk factors were requested to be answered. Further questions referred 
to Accompanying conditions and the History of cardiovascular complications, Cardiovascular 
complications within 3 months

Å1 year follow-up
Χ Cardiovascular events, Follow-up therapy changes anddata on newly described Cardiovascular 
risk factors wererequested to be answered



Prevalence

Age group (approx.) 65-74

Wolf-Maier et al. (2003); Kearney et al. (2005); Pitsavos et al. (2006) ; eurostat.ec.europa.eu (2008); 
National Health and Nutrition Survey of Japan (2006) and WHO
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aƻŘŜƭƭƛƴƎ ƻŦ ǘƘŜ αŎƭƛƴƛŎŀƭ ŘŜŎƛǎƛƻƴά ǇŀǘƘ

E

E + H

H

- H

- E

-E 
-H

E: Emergency Therapy

H: Hospitalization



Classification
Emergency Urgency Asymptomatic*

abdominal pain abdominal pain 

ataxia altered mental status 

chest pain Angst 

confusion atactic gait 

dizziness/vertigo cold intolerance 

drops dizziness/vertigo 

dyspnoea dyspnoea 

headache epiphora 

incontinence epistaxis 

limb weakness flush 

nausea gait disturbances 

pallor headache 

palpitations limb pain 

pruritus nausea 

speech disturbances neck pain 

sweating palpitations 

visual disturbances pruritus 

vomitus restlessness 

shoulder pain

sweating 

tinnitus 

tremor 

tympanic pressure 

visual disturbances 

* Does not lead to Emergency or Urgency classification

back pain

dizziness

epistaxis

flush

heartburn

nausea

slightly altered mental status

included in the statistics,
yet, do not count as overt symptoms 



Brennan et al. 2010, Critical Care Study Guide



164 patients 
included

blood pressure 
determination
14 months
n= 137

time course 18.4 months

8 patients
died

lost to follow-up
n=26



No Yes

Hypertension

8 Cases were selected

6: Other
5: Congestive Heart Failure
4: TIA
3: Cerebrovascular Insult
2: Occlusive PAD
1: Coronary Artery Disease
0: None



Emergency hospitalization
patient class diagnosis

1 Emergency acute myocardialinfarction

2 Emergency acute coronarysyndrome

3 Emergency suspected cerebrovascular insult

4 Emergency suspected cerebrovascular insult

5 Emergency suspected cerebrovascular insult

6 Emergency hypertensive encephalopathy

7 Emergency hypertensive encephalopathy

8 Emergency hyponatremia, hypertensive encephalopathy

9 Urgency mesenteric ischemia, bowel obstruction, hyperthyroidism

10 Urgency suspected cerebrovascular insult
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Emergency Urgency Asymptomatic
Class

no therapy
monotherapy 
combination therapy



systolic

diastolic

1 h

6 h

12 h

6 days

15 days

3.5 months

14 months

hypertensive 
emergency
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Factors

Diabetes mellitus
renal dysfunction
physical inactivity
hyperlipidemia
obesity
smoking
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Åfirst hypertensive emergencies occur often with new patients 

ÅWhite Coat hypertensive patients show fewer symptoms upon examination

Åsymptoms correlate with stress, NSAR medication and infects

ŎƻǊǊŜƭŀǘƛǾŜ ŜǾƛŘŜƴŎŜ ǎƘƻǿǎΧ



The network identified 92% of 
the patients with acute 
myocardial infarction, 96% of 
the patients without infarction. 
When all patients with the ECG 
evidence of infarction were 
removed from the cohort, the 
network correctly identified 
80% 

(modified from Baxt 1990)



Key Question

ά5ƻŜǎ ǘƘŜ ŜǾŀƭǳŀǘƛƻƴ Ŏƻƴǘŀƛƴ previously inapparent information
ǘƘŀǘ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ƛƳǇǊƻǾŜ ƻƴ ǘƘŜ ŘƛŀƎƴƻǎǘƛŎ ŀŎŎǳǊŀŎȅ ƻŦ ǇǊŜŘƛŎǘƛƴƎΧέ
Baxt, 1990

Åhypertension
Ågender
Ålack of exercise / obesity



n=164

0.020            0.035                 0.042              0.017                 0.000             0.021                0.004 0.046p=

Asymptomatic

E           E            E             E             E           U            E           UClass



Separation of U and A requires use of Symptomvariable?
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α{ǘǊǳŎǘǳǊŀƭ 9ǉǳŀǘƛƻƴά
model without parameters
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α¢ƘŜ 5ƛŀƎƴƻǎǘƛŎ DŀǇά

Goodness of Classification

30 %

80 %

44 %
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aƻŘŜƭ ǳƴƛŦȅƛƴƎ т ŘƛŦŦŜǊŜƴǘ αƻǳǘǇǳǘ ŦǳƴŎǘƛƻƴǎά ŎƻǳƴǘƛƴƎ нплл

E   79.8% +/-15.8%
U   96.9% +/-2.5%
A   96.3% +/-2.4%

Total 95.0% +/-2.4%

(+/- SD)

proposed
cut-off

Top 10%

max. epochs 500



Hidden Layer AF

Hyperbolic tangent 321
Sigmoid 182

Ouput Layer AF

Hyperbolic tangent 83
Identity 93
Sigmoid 37
Softmax 290

AUCs  җ лΦфус
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aƻŘŜƭ ǳƴƛŦȅƛƴƎ т ŘƛŦŦŜǊŜƴǘ αƻǳǘǇǳǘ ŦǳƴŎǘƛƻƴǎά   - Top 500

E   100.0% +/-0.0%
U     97.7% +/-1.1%
A     99.6% +/-0.7%

Total 99.0% +/-0.6%

(+/- SD)
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Emergency
Urgency
Asymptomatic



0 10 20 30 40 50 60 70 80 90 100

Geschlecht

Erste Entgleisung

Hypertonie

Neuer Patient

Stress

Schmerz

Infekt

NSAR

Weisskittelhypertonie

Alter

Anam. Kardiovaskuläre Kompli.

Symptome

Varianz Modell 1

Varianz Modell 2

Varianz Modell 3

symptoms

history of cardiovascular events

age

White Coat hypertension

new patient

hypertension

first hypertensive emergency

sex

explained variance
of 200

NSAR

infection

pain

stress
proposed cut-off

variance
model 1
model 2
model 3



Newdata on hypertension

Method % Classification Overall Error

1 Neuralnetwork 1,0 (+/- 0,6%) - 5,0 (+/- 2,4%)
2 Discriminantanalysis 10,0
3 CatReg 16,0
4* Logistic regression ¢29,9

*Symptomswere not introduced

The logistic regression was included with absolute values of blood pressure as 
a covariate ςthese results suggested that these could be used and led to 0% 
classification error at, however, low statistical significance. Yet, this 
furthermore indicates that future emergency schemes or health advice can be 
generated and replaced with medical data and binary decisions (>180 mmHg 
systolic / >110 mmHg diastolic) on blood pressure, if required, without the 
predicted loss of accuracy.





Seemed not absolutely
ƴŜŎŜǎǎŀǊȅΧ



p <0.05

Cardiovascular treatment track

ÅACE inhibitors in drug history lead to a significantly higher prescription rate of 
sedatives

Åprevious treatment with ARB results in frequent emergency treatment with ARB 

ÅARBs in drug history lead to infrequent therapy with ACE inhibitors in hypertensive
emergencies

Åpatients receiving ARB in emergency treatment regularly receive ARB in follow-up
treatment



Drugs causing drug-induced hypertension and hypertension treatment



Blood pressure 
reduction

Sub-group Significance p<0.05

6 hsystolic alltogether yes

1 h systolic E yes

Combination Therapy

Blood pressure 
reduction

Sub-group Significance p<0.05

all systolic alltogetheror E, U, A none

all diastolic alltogetheror E, U, A none

Mono-Therapy

Mann-Whitney U Test



blood pressure
recommendation
1 to 2 h 
and 2 to 6 h

systolic

diastolic

hypertensive emergency

1 h

6 h

12 h

6 days

15 days

3.5 months

14 months



mmHg



mmHg



mmHg



mmHg



mmHg



mmHg



Time Treatment None

Initial 200 / 102 194 / 98

1 h 186 / 97 186 / 92

6 h 160 / 87 163 / 80

in mmHg



blood pressure* reduction achieved by 20-30% in 1-2 hours

Åthe acutely treated study population was not over-treated, one 
emergency and three urgency, and no other cases were likely loosing
systolic blood pressure too fast
(not all 6 hour blood pressure values were obtained)

Åat least 16 cases showed systolic blood pressure values of more than
160 mmHg at 6 hours

* Dieterle T, Zeller A, Martina B, Battegay E. Der hypertensive Notfall. Praxis. 2001



Initial 0 h 1 h 6 h

% above 160 99,0 95,2 55,2

% below100 40,4 55,4 75,9

Systolic

Diastolic

Initial 0 h 1 h 6 h

% above 160 96,7 92,7 44,4

% below100 43,3 63,4 88,9

Systolic

Diastolic

in mmHg

in mmHg



Arrhythmias were not considered as primary events in the following canonical correlation.
They were only included with secondary events if they led to or were followed by death.
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Canonical 
correlation

modelled initial (day 6) blood pressure and risk factors

Recurrent Hypertensive Crises
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Top 1%



1° Event 100.0% +/-0.0%

Total 98.4% +/-0.8%

(+/- SD)

1° Event 40.4% +/-26.7%

Total 91.2% +/-2.7%

Classification

Top 1% 2400 models

Other 2 selected models 

1° Event 94.9% +/-2.5%

Total 98.6% +/-2.5%

(+/- SD)



Flegal, K. M., Kit, B. K., Orpana, H., & Graubard, B. I. (2013). Association of all-
cause mortality with overweight and obesity using standard body mass index 
categories: a systematic review and meta-analysis. JAMA, 309(1), 71ς82.
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2  100% Predictions



Age p=0.011
Multiple (recurrent) hypertensive crises p=0.004

in stepwise algorithm

(no prior probabilty) set classified 78.2%





Classification
Method Average Overall % Primary Events %

1 neuralnetwork 91,2- 98,4 40,4 - 100,0
2 discriminantanalysis 64,1 - 84,8 9,1 - 63,3
3 logistic regression 88,0 - 89,1 9,1- 27,3

n=92
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