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ABSTRACT
Arterial hypertension is one of the main risk factors for cardiovascular disease. Furthermore, 
large randomised controlled trials have established that drug treatment is effective, not only in 
reducing blood pressure, but also in alleviating its complications.
However, physicians face several problems in the management of hypertension. Among the 
most important are cardiovascular risk estimation and antihypertensive drug treatment. The 
aim of paper I was to help physicians apply evidence-based recommendations concerning 
antihypertensive drug treatment to individual patients by constructing a clinical decision 
support system (CDSS) based on hypertension guidelines. The principles for a guideline- 
based CDSS for drug treatment of hypertension were specified in paper I. In paper II the 
CDSS was evaluated against 338 actual antihypertensive drug treatments in primary health 
care. This comparison showed a great potential for improvement, and merely by complying 
with guidelines drug costs could be reduced by 40% while at the same time keeping the 
quality of antihypertensive drug treatment. The study also showed poor control of high blood 
pressure, and the drug treatment was confined to one or two drugs for most patients. In paper 
III, the 1999 WHO/ISH Hypertension Guidelines method for risk stratification was applied to 
a 1999 MONICA sample (n=5,997) from Northern Sweden. Each subject was risk-classified 
using a CDSS, according to the 1999 WHO/ISH scheme. Only one fifth of the drug-treated 
hypertensives were well controlled, and the incidence of newly detected blood pressure 
elevation was high. The majority of subjects with high blood pressure had medium or higher 
risk, and in poorly controlled drug treated hypertensives 87% had medium or higher risk. In 
paper IV treated but poorly controlled hypertensives had increased risk of stroke (odds ratio
6.1 Cl 2.4-15.3). Only one of the 129 individuals who suffered stroke had treated and 
adequately controlled hypertension. It was concluded that the “rule of halves,, still exists and 
the high remaining risk in poorly treated hypertensives is remarkable, requiring attention from 
the medical profession. In paper V, risk estimation by risk equations was compared to risk 
classification by the 1999 WHO/ISH risk stratification scheme. It was concluded that the risk 
assessment obtained in the medium risk group by guidelines was not accurate enough for 
clinical use.
A majority of the hypertensive population have increased risk of cardiovascular disease. 
Treatment goals stated in major guidelines are far from being attained, and especially among 
poorly treated hypertensives the risk of stroke is high. A guideline-based CDSS for 
antihypertensive drug treatment could, if followed, reduce drug cost by 40% and enhance the 
quality of hypertension drug treatment. Better management of hypertension by complying 
with guidelines is urgent given the extent of high BP, its high risks and the poor control of 
drug-treated hypertensives.

Key words: Arterial hypertension, cardiovascular risk, clinical decision support system, drug 
treatment, guidelines.
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Illustration; the key link between the evidence-based knowledge and 
the desired medical decision is the patients medical profile consisting 
exactly of the medical factors needed to take a high-quality 
evidence-based decision.
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ABSTRACT
Arterial hypertension is one of the main risk factors for cardiovascular disease. 
Furthermore, large randomised controlled trials have established that drug treatment 
is effective, not only in reducing blood pressure, but also in alleviating its complications.

However, physicians face several problems in the management of hypertension. 
Among the most important are cardiovascular risk estimation and antihypertensive 
drug treatment. The aim of paper I was to help physicians apply evidence-based 
recommendations concerning antihypertensive drug treatment to individual patients 
by constructing a clinical decision support system (CDSS) based on hypertension 
guidelines. The principles for a guideline-based CDSS for drug treatment of 
hypertension were specified in paper I. In paper II the CDSS was evaluated against 
338 actual antihypertensive drug treatments in primary health care. This comparison 
showed a great potential for improvement, and merely by complying with guidelines 
drug costs could be reduced by 40% while at the same time keeping the quality of 
antihypertensive drug treatment. The study also showed poor control of high blood 
pressure, and the drug treatment was confined to one or two drugs for most patients. 
In paper III, the 1999 W H O /ISH  Hypertension Guidelines method for risk 
stratification was applied to a 1999 MONICA sample (n=5,997) from Northern 
Sweden. Each subject was risk-classified using a CDSS, according to the 1999 W HO/ 
ISH scheme. Only one fifth of the drug-treated hypertensives were well controlled, 
and the incidence of newly detected blood pressure elevation was high. The majority 
of subjects with high blood pressure had medium or higher risk, and in poorly controlled 
drug treated hypertensives 87% had medium or higher risk. In paper IV treated but 
poorly controlled hypertensives had increased risk of stroke (odds ratio 6.1 Cl 2.4 -  
15.3). Only one of the 129 individuals who suffered stroke had treated and adequately 
controlled hypertension. It was concluded that the “rule of halves” still exists and the 
high remaining risk in poorly treated hypertensives is remarkable, requiring attention 
from the medical profession. In paper V, risk estimation by risk equations was compared 
to risk classification by the 1999 WHO/ISH risk stratification scheme. It was concluded 
that the risk assessment obtained in the medium risk group by guidelines was not 
accurate enough for clinical use.

A majority of the hypertensive population have increased risk of cardiovascular 
disease. Treatment goals stated in major guidelines are far from being attained, and 
especially among poorly treated hypertensives the risk of stroke is high. A guideline- 
based CDSS for antihypertensive drug treatment could, if followed, reduce drug cost 
by 40% and enhance the quality of hypertension drug treatment. Better management 
of hypertension by complying with guidelines is urgent given the extent of high BP, its 
high risks and the poor control of drug-treated hypertensives.

Key words: Arterial hypertension, cardiovascular risk, clinical decision support system, 
drug treatment, guidelines
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Abbreviations
ACC American College of Cardiology
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RCT Randomised controlled trial
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TOD Target Organ Damage
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INTRODUCTION
1. Hypertension and this thesis
Various aspects of hypertension guidelines have been evaluated in this thesis. Guideline 
recommendations concerning antihypertensive drug treatment were considered first, 
and the research question dealt with was how to apply evidence-based knowledge to 
individual patients, in a situation where the amount of information is overwhelming. 
My viewpoint was that of the practising physician, anxious to make a high-quality 
decision based on evidence but constrained by available time and knowledge. Was it 
possible to construct a clinical decision support system that made it easier to follow 
guidelines concerning antihypertensive drug treatment, and what would the 
consequences be for cost and quality if recommendations were followed?

Decisions concerning drug therapy and other interventions are based not only on 
blood pressure, but also rely on an estimate of cardiovascular risk, simply because the 
benefit resulting from an intervention increases with increased risk. The risk 
stratification scheme proposed by the 1999 W HO/ISH Hypertension Guidelines was 
applied to a hypertensive population and the consequences were evaluated in terms of 
hypertension treatment, blood pressure control and cardiovascular risk. The association 
between poorly treated hypertension and stroke was studied, as well as blood pressure 
control in the county of Västerbotten. Finally, the risk stratification scheme proposed 
by the 1999 W HO/ISH Hypertension Guidelines was compared to risk estimation 
by risk equations.

Applying evidence-based knowledge to the medical profile of the hypertensive patient 
is the core aim of this thesis, but this does not imply that other factors concerning the 
doctor-patient relationship are less important. Also, this thesis has no more to do 
with computers and technology than the content of written guidelines has to do with 
the manufacture of paper or printing technology.

2. Hypertension
Arterial hypertension (hypertension) in adults, irrespective of age, is defined as systolic 
blood pressure (SBP) >140 mm Hg and/or diastolic blood pressure (DBP) >90 mm 
Hg, definitions are shown in Table 1 (1,2). The distribution of blood pressure (BP) in 
the population is continuous and approximately normally distributed, and there is no 
natural cut-point that distinguishes hypertensives from normotensives (3). In most 
hypertensives (92-94%) the aetiological cause is unknown and the condition is classified 
as “Essential hypertension 110.9” according to International Statistical Classification 
of Diseases and Related Health Problems, tenth edition (ICD-10) (4, 5). Those with 
a known cause of elevated blood pressure (BP), usually kidney disease, are diagnosed

9
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Table 1. Blood pressure definition and classification in adults in the 1999 WHO/ISH and JNC 
VI hypertension guidelines from 1997. When the systolic and diastolic blood pressure are in 
different categories, the highest category is used.___________ _________________________
Category SBP (mm Hg) DBP (mm Hg)
Optimal <120 <80
Normal <130 <85
High normal 130-139 85-89

Hypertension (mild1) 140-159 90-99
Hypertension (moderate2) 160-179 100-109
Hypertension (severe3) >180 >110

Isolated systolic hypertension >140 <90
SBP = systolic blood pressure, DBP = diastolic blood pressure. Grade 1 (WHO/ISH), stage 1 
(JNC VI). 2Grade 2 (WHO/ISH), stage 2 (JNC VI). 3Grade 3 (WHO/ISH), stage 3 (JNC VI).

as having secondary hypertension (4, 5). Except in cases of extreme BP values, 
hypertension is virtually free from symptoms and the diagnosis cannot be made without 
measuring the BP (4). Since the intra-individual variation in BP is large it is of great 
importance to measure BP repeatedly under standardised conditions and over a 
sufficient period of time, at least 3 months in mild hypertension (6). Data from national 
surveys show a prevalence of hypertension for adults aged 18—74 years of 21.1% in 
the United States, data from NHANES III (7). The prevalence increased with age, 
data from US 1988-91, age 18-29 (4%), 30-39 (11%), 40-49 (21%), 50-59 (44%), 
60-69 (54%), 70-79 (64%), >80 years (65%) (8).

Hypertension is a leading risk factor for atherosclerotic disease and its main 
manifestations are: ischaemic heart disease (IHD), stroke, heart failure and end-stage 
renal disease (1,2). The two leading causes of death worldwide in 1990 were ischaemic 
heart disease and cerebrovascular disease, together about one fifth of all deaths (9). 
SBP over 115 mm Hg is the leading contributor to death worldwide, ahead of such 
factors as tobacco, high cholesterol, underweight, overweight and unsafe sex (10). 
IHD death rates vary between countries from about 350/100,000 individuals yearly 
in countries with high incidence rates to about 160/100,000 in Italy and 60/100,000 
in Japan (9). IHD and stroke account for about 80% of all cardiovascular disease 
(11). The incidence of IHD in Western Europe and North America has declined 
during the last few decades, while the decline in stroke has been less impressive (2).

The clinical management of hypertension aims to prevent IHD, stroke, chronic renal 
failure and heart failure (1, 2). Antihypertensive drug treatment is effective and well 
tolerated, and a reduction in SBP of about 10-12 mm Hg or in DBP of 5-6 mm Hg 
reduces IHD by about 20% and stroke by about 40% (12).

10
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In younger (<65 years) subjects diastolic hypertension is more common, but in the 
age group 65-74 years isolated systolic hypertension (SBP >140 and DBP <90 mm 
Hg) dominates (7). SBP increases successively with age, while DBP increases up to 
about 50-55 years and decreases thereafter (7). Poor blood pressure control is 
overwhelmingly due to lack of systolic pressure control, and this also applies to drug- 
treated individuals (13). The ratio of hypertension prevalence between women and 
men at 30 years of age is about 0.6-0.7 (women/men) and rises to 1.1-1.2 at the age 
of 65 (4). Blood pressure control in the community is far from satisfactory; only 
about one third or less of drug-treated hypertensives reach blood pressure targets 
recommended in major guidelines (7).

3. Hypertension and risk

3.1 Blood pressure and risk
The relationship between blood pressure and cardiovascular risk is strong, graded, 
continuous, consistent, independent and highly predictive for adult men and women 
of all ages, at least up to 89 years (14). This is so for different ethnic and racial groups 
and for different countries, and it applies to BP levels from at least 115/75 mm Hg, 
with no threshold level where the risk suddenly increases (14). This relationship exists 
for those without established cardiovascular disease, as well as for those with coronary 
heart disease, previous stroke, heart failure or end-stage renal disease (14-18). 
Controlling for total cholesterol, HDL, diabetes, weight, smoking, and alcohol 
consumption does not alter risk associated with BP (14).

In a meta-analysis of 61 prospective observational studies including one million adults 
with a total of 12.7 million person-years and 56,000 vascular deaths, each increase of 
20 mm Hg SBP (or 10 mm Hg in DBP) from 115/75 mm Hg was associated with a 
twofold increase in risk of death from stroke and ischaemic heart disease in both sexes 
and in ages between 40 and 69 years; the relative risk was about half as large in the age 
group 80-89 years compared to those aged 40-49 (14). Elevated BP gives a somewhat 
more pronounced risk of stroke than of IHD and other vascular events, and the risk 
increase is steeper in younger than in older ages (14). The absolute annual difference 
in stroke death, associated with a given difference in BP, increases with age because of 
the rapid increase of absolute risk in elderly and despite the reduction in relative risk 
with age (14).

Randomised trials have shown that BP lowering can produce rapid reductions in 
vascular disease risk, and the meta-analysis by the Prospective Studies Collaboration 
provides complementary evidence that even greater differences in risk are likely to be 
produced by prolonged differences, beyond 4-5 years, in BP (14). If the high risk 
associated with pre-existing CV disease is considered, many could benefit from BP-

11
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lowering therapy, largely irrespective of their current BP or even if they currently are 
classified as normotensive (14).

3.2 Lifetime risk
The lifetime risk of developing hypertension has been estimated at 90% and for 
antihypertensive drug treatment at 60% (19, 20). The lifetime risk, estimated in the 
Framingham Heart Study, for a 40-year-old man developing coronary heart disease 
(angina pectoris, unstable angina, myocardial infarction or death from coronary heart 
disease), one of the main manifestations of hypertension, was 48.6% (excluding angina 
pectoris 42.4%) and for women 31.7%. For a 70-year-old the corresponding figures 
were 34.9% and 24.2%. Lifetime risk remains high even in old age, but it is lower 
because competing causes of death increase and because of the shorter life expectancy 
(19).

The greater life expectancy for a young or middle-aged woman or man with a low risk 
profile compared to others in the same age group has been estimated at 5.8-9.5 years, 
but only 4.8-9.9% of the cohorts belonged to the low risk group (21). Myocardial 
infarction developed 8.3, 12.4 and 11.5 years earlier in men if hypertension, high 
cholesterol or smoking were present, respectively (22).

3.3 Attributable fraction
The population-attributable fraction is a measure of how much of the population 
burden of disease could be eliminated if a specific risk factor was removed from the 
population (23). The attributable fraction is heavily dependent on the prevalence of 
the risk factor, e.g. if a risk factor causes a fivefold increase in risk but exists only in 2% 
of the population that develop the disease, then the attributable risk would be about 
1.6% (5 (relative risk for exposed) -  1/5 (risk for exposed) X 0.02 (prevalence of the 
risk factor) = 0.016 (attributable fraction)). That is, almost 98.4% of the disease would 
still be left if the risk factor were totally eliminated. Hence, it is of interest to know the 
extent of a certain risk factor in the population.

In the cohort of men screened for the Multiple Risk Factor Intervention Trial 
(n=361,662, aged 35-57) and followed for 11.6 years, it was estimated that 49% of 
all CHD deaths were excess deaths attributable to SBP above optimal level (<120 mm 
Hg) (15, 24). Furthermore, in the follow-up of the screenees of the MRFIT trial, 
values above low risk (<120/<80 mm Hg, cholesterol <5.0 mmol/L, non-smoker, no 
diabetes) for these risk factors were able to explain up to 90% of the excess risk of 
CHD (25). Elevated blood pressure has been estimated to account for about 57% of 
all stroke death and for about 24% of all coronary heart disease death in Eastern Asian 
populations (26).

12



Mats Persson

The distribution of disease cases over the BP scale from about 120 mm Hg shows 
that the increased burden of CHD caused by high BP cannot be solved solely by 
treatment of those with the highest BP levels. About 70-80% of all adults have BP 
levels above optimal (<120/<80 mm Hg) and are accordingly at increased risk due to 
their BP. O f all these excess CHD deaths in the follow-up of the MRFIT study, 
31.9% were attributable to BP levels of 120-140 mm Hg, 42.9% to levels of 140- 
139 mm Hg and 24.1% to SBP levels of 160 mm Hg or above (15, 24).

A small change in the distribution of SBP in the population is likely to give a substantial 
decrease in cardiovascular disease. A reduction of SBP by only 2 mm Hg on the 
population level would correspond to a reduced stroke mortality by 6%, CHD 
mortality by 4% and total mortality by 3% (17, 27, 28).

Similarly the Framingham Heart Study data indicate that a 2 mm Hg reduction in 
the population average of diastolic BP for white US residents, 35-64 years of age, 
would result in a 17% decline in the prevalence of hypertension, a 14% risk reduction 
of stroke and a 6% reduction in risk of IHD (29).

4. Assessment o f cardiovascular risk in hypertensive patients
4.1 Assessment of risk in guidelines
The ability to substantially reduce cardiovascular mortality and morbidity through 
treatment of blood pressure, blood lipids and smoking cessation has raised the 
important issue of how to identify those who are candidates for treatment. Global 
(total) risk estimate, that is, considering the combined effect of all risk factors, is now 
adopted by most guidelines as the preferred way of selecting whom to treat, e.g. 1999 
W HO/ISH Hypertension Guidelines, JNC VI. Likewise many guidelines have 
adopted the concept that intensity of management of risk factors should be 
proportional to the absolute risk of a future event (2, 30-34).

Hence, assessment of future cardiovascular risk is a fundamental and necessary step 
to achieve a cost-effective and high-quality treatment decision, especially in primary 
prevention. The assessment requires not only knowledge of which factors are involved, 
how they are defined and their precise value for each individual but also knowledge of 
how these factors interact to give an accurate risk estimate. Risk factors, target organ 
damage and established CV disease are the factors to combine in order to get an 
accurate estimate of risk.

4.2 Risk factors
The major independent risk factors for coronary heart disease are sex, age, blood 
pressure, elevated cholesterol levels (particularly elevated LDL and decreased HDL

13
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levels), smoking, and diabetes (30). Predisposing risk factors, which worsen the 
independent risk factors, are genetic disposition (which can be estimated by family 
history of cardiovascular disease), obesity, physical inactivity, food intake, and ethnic 
and psychosocial factors. Finally, we have an increasing number of conditional risk 
factors. These are associated with increased risk of cardiovascular disease, although 
their causative, independent and quantitative effect is not yet fully confirmed, e.g. 
fibrinogen, C-reactive protein, and insulin resistance (30, 35).

4.3 Target Organ Damage
In addition, target organ damage (TOD) partly caused by the above risk factors, is 
important to consider when assessing cardiovascular risk. The most important target 
organ damage is left ventricular hypertrophy, kidney damage (proteinuria or slight 
elevation of plasma creatinine) and atherosclerotic plaque (1). Age is the most powerful 
predictor of CVD and is thought to represent the accumulation of atherosclerotic 
plaques (36). Using ultrasound for finding intima-media thickness (IMT) and plaque 
in the carotid artery can improve the ability to predict risk (37-39), but there are 
methodological problems (40), and others have found that predictive power increases 
only marginally when IMT is used (40,41). This could also be a way to find subclinical 
atherosclerosis in those with low predicted cardiovascular risk (42).

4.4 Established cardiovascular disease
The most important cardiovascular diseases to consider are ischaemic stroke, cerebral 
haemorrhage, transient ischaemic attack, myocardial infarction, angina pectoris, 
coronary revascularisation, congestive heart failure, diabetic nephropathy, renal failure 
and peripheral vascular disease (1). Those with already established atherosclerotic disease 
are considered to have high risk of further CV diseases, and active intervention is 
advocated (1,2).

4.5 Risk factor clustering
Hypertension seems to be associated with increased levels of other risk factors such as 
dyslipidemia and impaired glucose tolerance (43). Hypertensives on drug treatment 
continue to have increased risk of cardiovascular disease (44). Many studies have 
reported the impact of risk factor clustering, with increased risk as the level and number 
of risk factors increases (45-47) with further risk exposition for hypertensive subjects.

One special type of risk clustering is defined as the metabolic syndrome, including 
type II diabetes, impaired glucose tolerance and/or insulin resistance together with at 
least two of the following factors: hypertension (>140 and/or >90 mm Hg), obesity 
(BMI >30 or waist-hip ratio (WHR) >0.90 for men and W HR >0.85 for women),

14



Mats Persson

microalbuminuria (>20 (ig/min) and hypertriglyceridemia (>1.7 mmol/L or HDL 
<0.9 mmol/L for men and <1.0 mmol/L for women) (48).

4.6 Risk equations
Guidelines are used to judge CV risk, but risk equations derived from statistical models 
(logistic regression, Cox regression) can also be used to describe how risk factors are 
associated with risk of various outcomes such as stroke, IHD or all-cause mortality. 
These models represent the impact of various risk factors on the specified outcome.

To be able to calculate an absolute risk, i.e. the probability of getting a certain disease 
within a specific time, you must also estimate the baseline hazard function (Cox 
regression). This baseline hazard function together with the sum of all risk factors for 
an individual gives the total risk for the individual. In logistic regression the same type 
of problem exists. The baseline hazard function can be calculated from the sample 
from which the risk coefficients for each risk factor were estimated or the baseline risk 
function can be represented by the use of incidence data from the population.

The propensity to develop CV disease given a certain risk profile varies among different 
populations, but the relative impact on CV disease of changes in risk factor levels 
seems to be surprisingly consistent between populations despite great differences in 
incidence (23, 49-53). This propensity for CV disease, baseline incidence, for a given 
set of risk factors varies between populations and is called the population baseline 
absolute risk (23).

This is important to keep in mind, because if the risk function is derived from a 
population with high incidence of CHD and then applied to a population with low 
or medium incidence of CHD, then the risk will be over-estimated for the low-incidence 
population (49, 54). It is an advantage if the risk equation is estimated from a population 
that is representative of the population that the risk equation is intended to be used 
on and this was the main reason for estimating our own risk function based on the 
NSW MONICA samples.

The first and most widely used risk equations concerning cardiovascular risk are those 
from the Framingham Heart Study (55, 56). It is important to be aware of some other 
properties of risk equations.

A risk function can be used to identify those with moderate elevations of several risk 
factors as high-risk patients, while simply counting risk factors above a certain level 
can miss individuals with several risk factors but each one only moderately elevated 
(57). The projection time is also very important; a person with a 15% ten-year risk 
will have approximately 30% risk in 20 years (57). On the other hand, risk can be 
underestimated if there is only one risk factor but it is extremely high (57).
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The estimated risk is not necessarily correct for each individual with that collection of 
risk factor values; rather, it is the average risk for a group with these characteristics, 
and the exact probability for an individual is not known.

The relative effect of increased risk factor levels decrease with age, especially for lipid 
risk factors (58), whereas high BP and diabetes continue to be strong risk factors. As 
the relative effect of risk factors declines with age the absolute risk increases even 
more, thereby maintaining the importance of raised risk factor levels (14).

4.7 Absolute and relative risk
Absolute risk is the number of subjects getting a disease during a specified time divided 
by the number of disease-free subjects at the beginning of the period (59). Relative 
risk is best understood and interpreted if compared to some basic and easily understood 
level of risk, e.g. low risk (cholesterol <5.0 mmol/L, BP <120/<80, non-smoking and 
no diabetes) or average risk for that sex and age, i.e. the absolute risk for a certain 
person is divided by the absolute risk for the low or average risk state. It is crucial to 
understand that since relative risk is derived from a ratio it tells nothing about the 
level of absolute risk, e.g. if ten-year relative risk is reduced by 50% it can be based on 
an absolute benefit of 1% over ten years if the absolute risk is reduced from 2% to 1% 
during the period (the chance of avoiding disease increases from 98% to 99%).

Due to the slowly progression of CV disease short/medium-term absolute risk is low 
in young people, regardless of the number or level of risk factors, whereas in old 
people absolute risk is high, even if risk factor levels are moderate. This is the reason 
why relative risk could be a better indicator of risk in younger and maybe also in older 
people. A three-fold increase in relative risk from the lowest level has been designated 
moderately high risk, while a fourfold increase is called high risk in a joint statement 
from AHA and ACC (57).

The precise level of high short-term (10 years) absolute risk varies. The joint European 
Societies have identified high short-term absolute risk as a risk giving a >20% probability 
of developing CHD in the next ten years (33), and it is recommended that when a 
patient reaches this threshold the treatment should correspond to that given in 
secondary prevention (33). This threshold was derived with total CHD as end-point 
according to the wide Framingham definition. The definition of high absolute risk in 
the 1999 W HO/ISH Hypertension Guidelines is >20% risk of fatal and non-fatal 
CHD and stroke in ten years.
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4.8 Problems with risk assessment
Guideline algorithms and risk equations are two different methods used to assist 
physicians’ estimate of cardiovascular risk. These two methods can be based on exactly 
the same calculations of risk, but often have different levels of accuracy. The guideline 
approach can also be based on combinations of risk factors, but put together in a way 
that seems sensible and logical rather than based on actual calculations based on data. 
The guideline approach divides patients into different categories, while risk equation, 
derived by statistical methods, can take into account variations in the exact level of 
each included risk factor variable (if implemented in the equation), e.g. age, blood 
pressure. The risk stratification scheme proposed by the 1999 WHO/ISH Hypertension 
Guidelines is shown in Table 2. Generally speaking, guideline algorithms do not need 
advanced mathematical calculation, while risk equations need computations. This 
need for computer assistance hampers the use of risk equations in clinical practice; 
instead multi-coloured charts showing different levels of risk have been used.

Table 2 1999 WHO/ISH risk table

Blood pressure (mmHg)

Other risk factors and disease 
history

Grade 1
(mild hypertension) 
S B P 1 4 0 -1 5 9  or 
D B P9 0 - 9 9

Grade 2 
(moderate 
hypertension) 
SBP 1 6 0 -1  79 or 
D B P 1 0 0 -1 0 9

Grade 3
(severe hypertension) 
SBP ^  180 or 
DBP 5s 110

1. No other risk factors Low risk Medium risk High risk
II. 1 -  2 risk factors Medium risk Medium risk Very high risk
III. 3 or more risk factors or TOD High risk High risk Very high risk

or diabetes
IV. ACC Very high risk Very high risk Very high risk

TOD, Target organ damage (e.g. left ventricular hypertrophy, proteinuria); ACC, associated clinical conditions 
(e.g. myocardial infarcation, stroke); SBP, systolic blood pressure; DBP, diastolic blood pressure.

An algorithm, although easily explained on paper, can nevertheless become very 
complex and difficult to apply to individual patients’ medical profiles. Furthermore, 
the algorithm can at the same time be too crude, with huge categories and a poor 
ability to separate individuals with different risks. Simplification intended to increase 
usability tends to reduce the accuracy of the guideline algorithm and the balance here 
is delicate. In paper V the risk stratification algorithm proposed in the 1999 W HO/ 
ISH Guidelines was compared with risk equations and the aim was to evaluate the 
accuracy of the guideline method.

Moreover, the physician does most risk estimations in clinical practice without the aid 
of guidelines or computing devices. However, physicians have difficulties assessing
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CV risk, especially estimation of absolute risk (60). Risk assessments are not consistent 
between doctors, often only one parameter is considered, and deviations from guidelines 
are great (61-64). CDSS based on risk equations can help the physician to do more 
accurate risk estimations (65).

5. Effects o f treatment
A number of large RCTs during the last two decades have proved the efficacy of 
antihypertensive drug treatment with thiazide diuretics, ß-blockers, ACE-inhibitors, 
calcium antagonists and angiotensin-II receptor antagonists in preventing cardiovascular 
disease up to at least the age of 80 years (66-80).

In an overview of 14 randomised placebo-controlled trials (n=37,000) of 
antihypertensive drug treatment (mainly diuretics or beta-blockers) without other 
risk factor interventions, a mean difference in diastolic blood pressure of 5-6 mm Hg 
for 5 years was found to reduce stroke by 42% (95% Cl 33-50%) and coronary heart 
disease by 14% (95% Cl 4-22%). It was concluded that almost all the epidemiologically 
expected stroke reduction occurs, within 2-3 years, but only about half of the expected 
reduction in coronary heart disease (12). An update published in 2000 compared 
treatment effects on mortality and major cardiovascular morbidity of various 
antihypertensive drug classes (diuretics, beta-blockers, ACE-inhibitors, calcium 
antagonists). In four placebo-controlled trials of ACE inhibitors the reduction in stroke 
was 30% (95% Cl 15-43%), and CHD 20% (95% Cl 11-28%) for a weighted 
average difference of 3/1 mm Hg in BP, and patient selection criteria were 
predominantly history of cardiovascular disease or diabetes (81). In two placebo- 
controlled trials of calcium antagonist treatment, mean follow-up 3.8 years, the 
reduction of stroke was 39% (95% Cl 15-56%), and CHD 21% (95% Cl 6-41%) 
for a weighted average difference of 9/5 mm Hg and patient selection criteria were 
isolated systolic hypertension and previous CHD (81).

In another meta-analysis of nine trials including 27,743 subjects, where calcium 
antagonists were compared with other antihypertensive drugs (diuretics, beta-blockers, 
ACE-inhibitors or clonidine) it was found that calcium antagonists had less effect on 
myocardial infarction and heart failure than other antihypertensive drug treatment 
regimes but a tendency to a better effect on stroke (81). W hen less intensive 
antihypertensive drug treatment was compared to more intensive treatment, three 
studies, mean follow-up 4.2 years, the reduction in stroke was found to be 20% (95% 
Cl 2-35%), and CHD 19% (95% Cl 2-33%), for an average difference of 3/3 mm 
Hg (81). In a meta-analysis of BP an average reduction of SBP by 12-13 mm Hg over 
4 years of follow-up was associated with a 21% reduction in CHD, a 37% reduction 
in stroke, a 25% reduction in total cardiovascular mortality, and a 13% reduction in 
all-cause mortality (82).
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The effect of drug treatment of hypertension in everyday clinical practice is comparable 
to the risk reduction achieved in randomised clinical trials (83). Hypertensives seem 
to have higher risk than the general population even though the blood pressure is 
controlled by drug treatment (84, 85). Antihypertensive drug treatment does not 
fully reduce the risk associated with hypertension, but the reasons for this are not 
clear. Two possible causes are poorly treated hypertension and short trials; up to five 
years may be too short to show the full benefit of treatment (14). Metabolically adverse 
effect of thiazides and beta-blockers have also been proposed, although no support for 
this hypothesis can be found in large randomised controlled trials (33, 69, 72, 78). In 
a study to assess the association between first ever ischaemic stroke and use of 
antihypertensive drugs, it was found that drug regimes that did not include a thiazide 
were associated with an increased risk of stroke (86).

Neither sex nor age usually affects responsiveness to various antihypertensive agents 
(87), but there are race differences; blacks respond more favourably to thiazide-diuretics 
and calcium-antagonists (2). Although antihypertensive drug treatment may induce 
side effects in some patients, quality of life is maintained and possibly improved by 
any of the drugs recommended for initial therapy (88).

6. Blood pressure control

6.1 Awareness, treatment and control
The gap between recommendations given in recent hypertension guidelines and clinical 
practice is huge concerning BP control in most drug-treated hypertensives (89-97). 
The status of BP control in the community is often expressed in scientific reports in 
terms of prevalence, awareness, treatment and control of hypertension (2, 98). 
Prevalence of hypertension is the proportion of the adult population having high 
blood pressure at a given time, often judged by BP measurement on one occasion. 
Awareness is the proportion with high blood pressure at the screening who are aware 
of having high blood pressure before the screening. Treatment is the proportion of 
hypertensives treated (usually with drugs) for high BP, and finally, control refers to 
those who are treated and have attained target blood pressure (usually defined as below 
140/90 mm Hg or in older publications below 160/95 mm Hg).

Neglect to measure BP does not seem to be a major cause of poor BP control. Almost 
two thirds of the unaware had their BP measured during the last year (99), 87.4% had 
their BP measured during the previous year (100), and in a Canadian study had more 
than half (51%) had their BP measured in the last 6 months and 75% within the last 
year (101). The majority of hypertensives reported not being treated at all (61%), 
drug treatment alone (16%), drugs and non-pharmacological treatments combined 
(15%), and non-pharmacological treatment alone (6%) (101).
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Unawareness correlated to being male, working full-time, more than two years since 
the last BP measurement, and having public health insurance (compared to private) 
(99), while in another study persons (>55 years) living without a partner and men 
living in a home for elderly had a higher risk of being unaware and without 
antihypertensive treatment (102). Awareness correlated to higher education, visiting a 
physician in the previous year and being female (103). Better BP control correlated to 
BP measurement within the last year, part-time employment, male gender, and resident 
in urban areas (104).

Ambulatory BP monitoring also showed inadequate BP control, ruling out the white
coat effect as an explanation for poor BP control among drug-treated hypertensives 
(105). Unawareness is also common concerning other cardiovascular risk factors; in 
an Italian study 60% were aware of hypertension, 77% aware of diabetes and 65% 
aware of dyslipidemia (106).

6.2 Antihypertensive drugs and uncontrolled blood pressure
The majority of inadequately controlled drug-treated hypertensives have mild or 
moderate hypertension. Among drug-treated hypertensives in Italy (>65 years, mean 
75 years) 17.6% were controlled (<l40/<90), 50.5% had a BP of 140-159/90-99 
mm Hg and 31.9% had BP at or above 160/100 mm Hg (100). In a Spanish study of 
hypertensives, aged 35-64 years, 66% had BP within the range of mild hypertension 
(140-159/90-99 mm Hg) (107).

In a Canadian study the use of calcium antagonists and ACE-inhibitors increased 
during the period 1985 to 1995, from 2.1% to 19.7% and 5.2% to 25.4%, respectively, 
while combination therapy decreased from 39.6% to 15.6% and therapies using 
diuretics decreased from 31.3 to 17.2%. At the same time the proportion of controlled 
hypertension decreased from 67.4% in 1985 to 42.6% in 1995 in men, and in women 
from 62% to 57.4%, at an additional cost of 79% (108).

In a US study of people >65 years the average number of antihypertensive drugs was
1.5 in 1989 and 1.7 in 1999 (95). In another study of antihypertensive drug treatment 
78.7% received one drug, 18.7% two and 2.6% received three or more (104). Between 
1977 and 1987 the physicians’ attitude towards initiating drug treatment changed, as 
they advocated earlier treatment at lower BP levels and this was evident for different 
age groups (98). The willingness to give drug treatment for a certain BP level declines 
with the age of the patient (98).

An extremely poor control rate was found in China, where in urban areas about 4% of 
all hypertensives were controlled down to <l40/<90 mm Hg and in rural areas about
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1%. In 1991 the estimated number of hypertensives in China was 90 million (93). A 
study of Type I diabetic patients (mean age 33 years) from 31 diabetes clinics in 16 
European countries found that 81% of drug-treated hypertensives had one drug and
11.3% were controlled to target blood pressure <130/<85 mm Hg (109).

Table 3 (page 22) contains a summary of some large prospective population studies 
around the globe concerning prevalence, awareness, treatment and control of 
hypertension during the 90s. Despite improvements in the management of hypertensive 
patients, far from all are adequately controlled. Both in the NSW MONICA sample 
from 1999 and in the Västerbotten Intervention Programme, conducted during the 
90s, hypertension control is poor.

While awareness and treatment have consistently improved, the control rate among 
drug-treated hypertensives has not improved at the same pace. Many researchers in 
this field have concluded that it is time to improve hypertension treatment in order to 
improve outcome (1, 2, 110). In a Finnish study the authors concluded that “the 
biggest problem in hypertension care has shifted from detection to adequate treatment 
of high BP” (96), and authors from France have come to the same conclusion (97).

7. Guidelines and clinical decision support systems

7.1 Evidence-based medicine
Evidence-based medicine (EBM) is an important concept in medicine, defined in an 
editorial in BMJ as “conscientious, explicit, and judicious use of current best evidence 
in making decisions about the care of individual patients” (111). The practice of EBM 
means integrating evidence from research with ones own clinical knowledge and with 
consideration of the individual patient’s predicament and preferences (111). 
Furthermore, the concept of EBM has been especially stressed in areas concerning 
medical therapy and diagnoses (111). EBM used in clinical practice will enhance 
quality and other outcome measures (112).

Sackett emphasises in his book Evidence-based Medicine (113) the following important 
reasons for practising EBM: (i) new evidence should lead to major changes in patient 
care; (ii) practising physicians often fail to obtain and use available new evidence; (iii) 
medical knowledge deteriorates with time and must be updated; (iv) traditional 
continuing medical education is insufficient to bring about important changes in 
practice; and (v) it is a way to keep the physician up to date with current and important 
knowledge. The usefulness equation (usefulness = validity X relevance/work), states 
that the information must be relevant for the decision at hand, should be based on 
scientific evidence and must be retrieved and used with a minimum of effort in order 
to be useful for the busy clinician (114).
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7.2 Clinical decision support systems
A clinical decision support system (CDSS) is any computer program that can help 
health care professionals to make clinical decisions (115) and influence medical 
decisions at the time and place decisions are made (116). Such systems have been used 
since the late 1950s. CDSSs use a number of problem-solving strategies: Bayesian 
theory, decision tree, sensitivity analysis, statistical models, pattern recognition, rule 
base and hybrid systems (117).

Basic features of CDSSs should be: to support clinicians, not replace them, to improve 
patient care, to be updatable, to have an acceptable response time, and to be easy to 
use (115, 118). CDSS should be considered as support systems and not as decision
makers (115). Development of a powerful CDSS for correct prescription is badly 
needed, because prescribing errors, of various kinds, are numerous and dangerous and 
costly (119). Delivering information “just in time” is important (120). User-friendliness 
and avoidance of time-consuming tasks have also been emphasised as important 
properties of CDSSs (121). Physicians’ attitude to CDSSs can influence the 
implementation process (122, 123).

CDSSs have been evaluated, and many have shown effects on physicians’ behaviour, 
but few studies have demonstrated effects on patient outcome (124). A review of 
computer-based CDSSs’ effects on physicians’ performance and patient outcome 
showed that they can enhance clinical performance but effects on patient outcome 
were insufficiently studied (124). A systematic review of randomised controlled trials 
on the effect of computers and computer-based CDSSs on the management of 
hypertension showed that computers had a favourable effect on the management and 
follow up of patients (125). However, many studies fail to show any change in behaviour 
(126). CDSSs are difficult to implement in a busy primary care setting, and availability 
and simplicity are thought to be crucial requirements (127).

7.3 Guideline implementation
The very idea of guidelines is to transfer evidence-based knowledge derived from 
clinical research into manageable recommendations, but these recommendations have 
not materialised into appropriate clinical implementation (128-131). The statement 
“Words without action”, issued by Jonathan Lomas, is still relevant (128). Active 
dissemination of guidelines does not always have any impact on behaviour (132).

The implementation of guidelines in clinical practice faces many difficulties. Lack of 
time for basic health care work, the logarithmic increase in the amount of medical 
information, the increasing complexity of management and increasing demands are 
some of the pitfalls in the implementation of good evidence (133). All of these obstacles
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apply also to hypertension guidelines (134). It is of great importance that the 
implementation of EBM is targeted against the issues where the evidence is strong 
and can be strongly backed by a respected clinical body (135).

Physicians who knew most about guideline content also felt that they were the most 
qualified to override the guidelines when they believed they did not apply. It was 
easier to encourage physicians to do more rather than less for the patients (136). 
Guideline implementation occurs in the context of conflicting pressures for clinical 
autonomy, professional standardisation and quality improvement (137). Factors 
influencing the implementation of guideline were: non-controversial advice was 
followed better than controversial advice, clearly written better than vague 
recommendations, evidence-based better than those not based on evidence, 
recommendations that demanded a change in existing practice routines were followed 
less than those that did not require a change (138). Far more energy has been put into 
the development of guidelines than into their implementation (139).

Too few recognise the true dimension of the information problem, and acknowledge 
the need for assistance in retrieval and use of knowledge (140). In the late 1990s 
approximately 30,000 citations were added each month to MEDLINE (133). Medicine 
lacks an efficient connection between those who produce and archive medical 
knowledge and those who must apply it (140).

Six important obstacles, from a total of 59, were recognised in a study of physicians’ 
search for evidence-based answers to medical questions. These obstacles were: the 
excessive time required, difficulty modifying a vague original question, difficulty finding 
an optimal strategy for search, failure to find sources covering the whole topic, 
uncertainty about how to know when all relevant information was found, and 
inadequate synthesis of multiple bits of evidence into a clinical useful statement (141).

While solid evidence exists that BP therapy is effective, it is obvious that BP control 
among hypertensives is poor (Table 3), and many factors contribute to the gap between 
guidelines and practice (132). Prescribing practices for older hypertensive patients are 
not consistent with evidence-based guidelines, and interventions are called for to 
encourage evidence-driven prescribing practices for the treatment of hypertension 
(129). Strong evidence supports the need for better blood pressure control, with an 
emphasis on the elderly and other populations that are difficult to treat (118). This 
evidence has been incorporated in hypertension guidelines but implementation in 
clinical practice has been weak.

8. Hypertension guidelines
New knowledge has to be summarised and interpreted, in order to be usable in clinical 
practice. This process is often done by different societies and authorities and issued as
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recommendations or medical guidelines intended for the medical profession. As 
guidelines are produced at different times and the evidence on which guidelines are 
based evolves, it is evident that they will not be exactly alike. However, the basic views 
of hypertension, its epidemiology, risks and treatment are quite similar between major 
guidelines. In detail they are of course not replicas of each other, and some parts of the 
proposed recommendations are, as always, open to discussion.

While blood pressure definitions, given in Table 1, are the same between guidelines, 
they do differ in recommendations concerning when to initiate drug treatment and in 
recommended target blood pressure, see Table 4 (1, 2, 33, 142-144).

It is well established that hypertension is a risk factor for cardiovascular disease, and 
this applies to virtually all imaginable subgroups and to an incredible amount of diseases 
(14). Furthermore, the risk increases from at least 115/75 mm Hg with no obvious 
cut-off level, which makes it difficult to establish a BP level where drug treatment 
should be initiated (14). However, the effect of lowering BP (measured as avoided 
number of myocardial infarctions, strokes and deaths during a certain time, e.g. 5—10 
years) is heavily dependent on the prevalence of other major risk factors for 
cardiovascular disease such as age, sex, smoking, cholesterol, diabetes, target organ 
damage and already established CV disease (1, 2, 45, 47).

Table 4 WHO/ISH1 JNC VI2 BHS5 European task 
force4

Canada5

Published 1999 1997 1999 1998 2002
Definition of 
hypertension

>140/>90 >140/>90 >140/>90 >140/>90 >140/>90

Indication for 
drug treatment, 
no risk factors

>150/>95 >140/>90 (12
month
expectancy)

>160/>100 >160/>95 >160/>100

Risk factors, 
diabetes, TOD or 
established CVD

>140/>90
(>130/>85a)

>140/>90
(>130/>85b)

>140/>90c >140/>90d >140/>90

Target BP
Systolic BP <140 <140 <150 (<140e) <140 <140 (<160*)
Diastolic BP <90 <90 <90 (<85®) <90 <90
Diabetes <130/<85 <130/<85 <140/<90 (<80e) <130/<80 <130/<80
Younger (<65 y) <130/<85 <130/80
Renal
insufficiency

<130/<80
(<125/<75g)

<130/<85
(<125/75g)

<130/<85
(<125/<75g)

<130/<80 <130/<80
(<125/<75g)

Table 4. Blood pressure levels (mm Hg) at which drug therapy should be initiated and target blood pressure 
according to five different guidelines. BP = blood pressure, TOD = target organ damage, CVD = cardiovascular 
disease; adiabetes or renal insufficiency; bHeart failure, renal insufficiency or diabetes; cor a predicted ten-year 
risk o f CHD of >=15%; dabsolute CHD risk > 20% or TOD; eoptimal <140/<85 (<140/80 if diabetes); ffor 
patients treated for isolated systolic hypertension the goal is below 160 mm Hg, or a reduction of 20 mm Hg 
from baseline if  initial SBP is less than 180 mm Hg; gRenal insufficiency and proteinuria >1 g/d. 1WHO/ISH 
Hypertension Guidelines; 2JNC VI Guidelines on prevention, detection, evaluation, and treatment of high blood 
pressure; 3British Hypertension Guidelines; Recommendations of the Second Joint Task Force of European and 
Other Societies on Coronary Prevention; 5Canadian recommendations for management of hypertension.
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Accurate evaluation of risk is crucial for targeting limited resources towards those 
individuals that will benefit most from treatment. But this requires an accurate and 
easy to use method for risk categorisation. The risk stratification method proposed in 
the 1999 W HO/ISH Hypertension Guidelines, see table 2, is scrutinised and evaluated 
in this thesis. A similar method for risk assessment is advocated in JNC VI.

The common trends put forward by authors of hypertension guidelines during the 
1990s are the following: (i) hypertension is defined as >l40/>90 mm Hg in adults 
independent of age; (ii) consensus about target blood pressure of <l40/<90 mm Hg, 
and <130/<80-85 in those with diabetes and renal insufficiency; (iii) recognition of 
both systolic and diastolic BP as risk factors and thus important to treat; (iv) the 
concept of total cardiovascular risk estimation; (v) the use of absolute risk for guiding 
the intensity of interventions and when to start drug treatment; (vi) the need to combine 
several different antihypertensive drugs to obtain target BP; and (vii) the importance 
of lowering the blood pressure per se (1, 2, 33, 142-144).
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AIMS
The overall aim of this thesis is to contribute to improved management of hypertension 
by: assessment of blood pressure treatment and control in the community, estimation 
of risk associated with high blood pressure, particularly stroke risk in poorly treated 
hypertensives, and development of a clinical decision support system for drug treatment 
of hypertension. The specific aims were:

• To develop a clinical decision support system (CDSS) for antihypertensive drug 
treatment, capable of implementing evidence-based rules extracted from accep
ted medical guidelines.

• To evaluate cost and drug use if guidelines for antihypertensive drug treatment 
were followed compared to current treatment.

• To study cardiovascular risk among people with high blood pressure.
• To study stroke risk associated with poorly treated hypertension.
• To study the status of hypertension treatment and control.
• To assess different risk prediction methods in hypertensive subjects.

The specific aims for each paper were as follows:

Paper I
• To build a computer-based decision support system capable of applying the 

evidence-based rules extracted from guidelines to any patients medical profile.
• To develop a formal method for transforming guideline rules into formal rules, 

capable of implemention as a computer-based clinical decision support system 
by a professional programmer.

• To test a general-purpose programming language, Visual Basic, as a development 
tool for decision support systems in health care.

Paper II
• To evaluate a computerised clinical decision support system for drug treatment 

of hypertension, regarding quality, safety, drug use, and cost compared to actual 
antihypertensive drug treatment.

Paper III
• To study the consequences of applying the 1999 W HO/ISH risk stratification 

scheme to a MONICA sample, regarding blood pressure control, indications for 
treatment, target blood pressure and risk distribution.

Paper IV
• To assess risk factors for stroke, associations between stroke and blood pressure 

control and to assess the proportion of these categories in a geographically defined 
population in Northern Sweden.
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Paper V
• To compare the distribution of cardiovascular risk in hypertensives when different 

risk assessment methods were used on the same set of individuals. Cardiovascular 
risk assessed by the algorithm described in 1999 W HO/ISH Hypertension 
Guidelines was compared with risk estimated by risk equations from the 
Framingham Heart Study and the Northern Sweden MONICA Study (NSW 
MONICA).
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MATERIALAND METHODS 

9. Paper I
9.1 Development o f decision support system for antihypertensive drug 
treatment
The target group for the clinical decision support system (CDSS) was physicians, 
especially general practitioners, managing hypertensive patients. In order to be usable 
in clinical practice the CDSS had to be fast, easy to use and readily accessible from the 
computer on the physicians own desk. Also very important was its capacity to give 
patient-specific support and continuous medical education. For the software 
development, a regular programming language was preferred to an expert system shell 
or the like. Visual Basic 4.0 from Microsoft was selected for the software development.

9.2 User interface
The input was obtained from a three-tabbed dialog-box, where the user with a mouse- 
click checks the current patients medical profile. The medical profile consists of 41 
diseases and factors considered important when choosing drug class. Ongoing 
antihypertensive drug therapy and drugs with side effects excluding their use were fed 
to the DSS by another dialog-box.

In order to understand, learn from and, perhaps most important also trust the 
recommendation given by the DSS, the feedback was not only given as the name of 
the generic drug class proposed but also as a statement including the medical profile 
of the patient, side effects, ongoing therapy, if any, and finally the considerations 
taken by the DSS and additional comments depending on recommended drug class.

9.3 The problem of antihypertensive drug treatment
Hypertension treatment is complex from the medical point of view. More than half of 
the hypertensive population needs more than one drug to achieve target blood pressure 
(2), and in these cases drug interaction must be considered. What drug or drug 
combination to prefer is influenced by many factors. Many experts advocate 
individualised drug treatment in hypertension, and it is up to the physician to review 
the properties and interactions of each drug. Furthermore, the physician must choose 
the most suitable drug with regard to the characteristics of the patient and also do this 
in a consistent, cost-effective way based on scientific evidence (2, 145).

In Sweden there are nine main pharmacological classes given against hypertension in 
primary health care. These classes are thiazides (2 drugs), beta-blockers (8 drugs), 
ACE-inhibitors (8 drugs), calcium antagonists (9 drugs), alpha-blockers (2 drugs), 
combined alpha- and beta-blockers (2 drugs), loop diuretics (1 drug), spironolactone

29



Bring h y p e r te n s i o n  g u id e l in e s  into p lay

(1 drug) and angiotensin-II antagonists (5 drugs). Every class contains one to nine 
different formulations, all of them with different pharmacological properties, prices 
and dose regimes. It is not possible to freely combine these drugs due to unfavourable 
interactions or insufficient effect.

The rule-base must be extracted from guidelines, randomised controlled trials and 
experts. A great number of factors influence the choice of pharmacological class in 
various ways (2). For each possible medical profile each pharmacological class may 
have both positive and negative effects and these have to be judged against each other 
in every situation. A drug may have a negative effect but should nonetheless be used 
because of a more important positive effect due to another concomitant disease. In 
some situations where several drugs are not available because of side effects, being 
already in use or having contra-indications, the remaining drugs may have possible 
negative effects but must nonetheless be given.

In total, 41 factors were chosen. These factors were selected to represent the best 
proven and most important to consider before initiating or adding pharmacological 
treatment. These factors in combination with possible experienced side effects and 
ongoing drug treatment constituted the patient profile. With 41 dichotomic variables, 
the number of possible profiles is almost astronomical -  241 (2,199,023,255,552) -  to 
match with 15,120 possible drug combinations (up to five different drugs out of nine 
possible ones). Furthermore, these are only some of the necessary factors the physician 
has to take into consideration before choosing a drug. Other circumstances are costs, 
patients preferences, compliance issues and up to nine different brands in one single 
pharmacological class. The complexity of hypertension treatment should not be 
underestimated, and it would be pointless to try to force every facet of the domain 
into the rule-base. So the most important step is to pinpoint evidence-based rules 
derived from generally applicable knowledge and, on the other hand, to define what 
must be left to the judgement of the physician. The responsible clinicians judgement 
of the needs of the individual patient is the most important (2) and overarching principle 
in health care. The DSS should provide, in an understandable way, the 
recommendations obtained from current guidelines, defined as above, when strictly 
applied to the patient s medical profile.

9.4 Comparison of classes
The ranking of the nine pharmacological classes, used in paper I and II, is done 
according to available documentation, experience gained with the drug class and therapy 
tradition. It must be stressed that the ranking is in no way based on therapy cost. 
However, it should be noted that the two first-line drugs cost only about 1/5 to 1/10 
of what the calcium antagonists, ACE-inhibitors and angiotensin-II antagonists cost.
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Apart from the ranking in the list, each group is considered equivalent regarding 
quality of life (146), efficiency in lowering blood pressure (6), effects on CV disease 
prevention and the total number of side effects in a large group of patients. This basic 
order of drug class is also updated if changes in guidelines indicate that this ranking 
should be changed.

9.5 Medical advantages and disadvantages
A drug may have compelling and well-documented benefits in certain medical 
conditions and a drug can also be disadvantageous in certain situations (2). Most 
drugs, however, have an average blood pressure lowering effect with a certain probability 
of expected effect on the blood pressure and also a certain probability of side effects.

It is crucial to extract only the best-documented advantages and disadvantages and 
limit the total number to consider. A large number of factors increase input and output, 
decrease usability, and poorly documented factors would be impossible to rank. 
However, the exact number of factors to take into account cannot be exacdy determined 
and may vary from time to time depending on the results and interpretations of clinical 
trials.

Sparsely documented theoretical advantages, not confirmed in hard end-point trials, 
tend to favour the newer and more expensive drugs. Proposed advantages, when based 
only on theoretical considerations, are not implemented, because hypothetical 
advantages cannot be allowed to compete with proven ones.

9.6 Pharmaceutical class list
This list is based upon the assumption that all of these nine pharmacological classes 
can be placed in order from a first-line drug to a last-line drug. A patient with 
uncomplicated hypertension and with no previous experience of pharmacological 
treatment should be offered the first-line drug. If this does not work or there is need 
for further treatment, the second-line drug is offered and so on, until one has a 
combination which is well tolerated by the patient and reaches the target blood pressure. 
Because many patients need two or more different drugs, we created five levels of 
treatment. Level one consisted of one drug in order from first-line to last-line drug, 
level two with different combinations of two drugs starting with the combination of 
the first-line drugs (thiazide and beta-blockers) and so on. Preferable combinations 
were listed ahead of less favourable ones, so that the best combination possible could 
always be obtained. This list of combinations is the total amount of combinations 
that the program can propose. The list is cleared of less efficient and contra-indicated 
alternatives, and more commonly used and better-documented combinations lie ahead 
of less documented alternatives. The program only selects less-documented alternatives
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if the alternatives above have been ruled out, because of side effects, contra-indications, 
or if they have certain benefits considering the patients medical profile.

The pharmaceutical class list is an ordinary text-file, which is read by the program at 
the start. This approach makes it possible to use several lists, each list reflecting different 
therapy traditions, but the rule-base of the program is left unaffected. It is even possible 
to create a list optimised for cost-reduction.

9.7 Working scheme
Since it is impossible to implement a direct mapping from the patient profile and 
recommended drug treatment, the DSS needs a working scheme that is reliable, 
unambiguous and easy to understand and evaluate. The system strives to achieve this 
by using a straightforward rule-base to arrange the antihypertensive drug classes into 
four basic categories: contra-indicated, non-suitable, neutral and suitable. Due to a 
strict priority order, a single drug class can only be added in one of the above categories. 
All categories except contra-indicated are ordered. The suitable and non-suitable 
categories are ordered by the rule-base whilst the neutral category inherits the order 
from the pharmaceutical class list described above. When this procedure is carried 
out, the system tries to find a valid combination using the ordering above, i.e. trying 
to select the best antihypertensive drug class from the suitable category and then adding 
this to the ongoing treatment (if any). If the suitable category is empty, or the system 
is unable to add any drug class in the suitable category, the system then checks the 
neutral category. If this fails, the system finally checks the non-suitable category, starting 
with the least unsuitable. A contra-indicated drug (or a drug specified by the user as 
giving important side effects) is never recommended.

The basic steps in this working scheme are, see paper I figure 5.

1. Inspect and modify the list of drugs which the user specified as giving side effects 
(s-e). For example, if the user selects Ca(verapamil), the system automatically 
adds Ca(diltiazem) to the list.

2. Determine (from the patients medical profile) which drug classes are contra
indicated (c-i).

3. Evaluate which antihypertensive drug classes are suitable or non-suitable in relation 
to medical factors (ranking). Order the drug classes (position) within the same 
ranking, if there is more than one suitable class for a medical factor.

4. Inspect the ongoing treatment and give warnings if any drug is considered non- 
suitable. Contra-indicating drugs or drugs with user-specified side effects are 
removed.

32



Mats Persson

5. Select the best drug (position) from the most important medical factor (ranking) 
and verify (validate) that it exists as a valid combination in the pharmaceutical 
group list.

6. If validation failed, try the second best from position and ranking, with ranking 
always in precedence over position.

List 3

Medical profile List 1

Level3,
O-t4

Alternative lists

Ranking5,
^  Proposal

Validation
failure

Next generic class

O ptim isation

R eduction o f list 
alternatives

List 1 
Reduced

Validate

List 2

Fig. 5. Program-flow: JSide-effects (S-e), 2Contra-indications (C-i), 3Number of drugs in combination (level), 4Ongoing treatment 
(O-t), 5Factors in order of precedence (ranking), 6Most favourable drug in a certain ranking (position).

Even though the steps above are easy and intuitive, the real implementation is rather 
complex and hard to evaluate by inspection. Therefore, we have translated the detailed 
rule-base into a formal syntax in order to minimise the semantic gap between the rules 
expressed by the guideline and the final implementation. The syntax is based upon 
sets and sequences using symbols commonly known in natural sciences and operators 
such as union, interaction, concatenation etc. The total rule-base includes approximately 
150 rules.

9.8 Dichotomic variables
The DSS is rule-based and requires dichotomic variables. Most of the input variables 
can be only true or false, which is both advantageous and disadvantageous. It is not 
possible, for instance, to specify an advantage of 0.65 for a beta-blocker in a patient
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with moderate migraine. At first sight it seems obvious that this possibility should 
give a more accurate result. This is, however, based on the assumption that the 
physicians diagnosis and calibration of each disease is very exact. Especially in heart 
failure this could be advantageous, but there is considerable clinical difficulty in the 
accuracy of diagnosing heart failure, and gradation of heart failure at various levels 
can be very uncertain (147). This is also true for many other diagnoses. In clinical 
practice the physician has to decide either way, because it is not possible to give a 
fraction of a drug. As the DSS gives the ranking for each advantage and disadvantage, 
it is easy for the physician to give priority, for instance, to a beta-blocker in a patient 
with severe migraine if the DSS ranked the beta-blocker as disadvantageous because 
of mild claudiocatio intermittens, just as is done in usual practice, with the difference 
that the factors now are easily recognised.

10. Paper II
10.1 Evaluation of clinical decision support system
Three health centres in the city of Umeå and one in the municipality of Robertsfors 
were selected for the study. The chief physicians at these units agreed to provide 
comparison material for the study. Hypertensive patients from each of the four health 
centres were classified according to age, and data from every fifth of these patients 
were collected from the medical record. The following data were recorded: age (in 
years), sex, antihypertensive drug(s), dose prescribed, and the most recently obtained 
blood pressure reading. Moreover, any of 41 different variables (see below) requested 
by the DSS were noted if present, as were also side effects of such a degree that the 
drug had been changed. For each drug, brand name and dose were noted and the cost 
was calculated according to current prices in the Swedish Drug Compendium 1997.

Thus, the medical profile of each patient was assessed by the DSS. Diseases and other 
complicating factors which influence drug treatment of hypertension were used as 
input data. Drugs that could not be used, due to previous side effects, were also fed 
into the system. Age, sex and blood pressure were not used by the system with the 
exception of “age over 70 years”.

The DSS was requested to propose the same number of drugs that the patient was 
actually taking, i.e. if the patient was taking one drug the system proposed only one 
drug, if the patient was taking three drugs the DSS proposed three drugs and so on. 
The DSS did not recommend brand names, it only recommended one of the following 
generic classes: thiazide diuretics with potassium-sparing agent (if potassium-sparing 
agent was not suitable or contra-indicated only thiazide diuretics were used), beta- 
blockers, ACE-inhibitors, calcium antagonists, alpha-blockers, combined alpha- and 
beta-receptor-blockers, loop diuretics, spironolactone, or angiotensin-II antagonists.
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The CDSS could recommend combinations of up to five generic classes. If the patient 
was treated with a combination preparation such as Synerpril® (enalapril and 
hydrochlorthiazide) the system would propose two generic classes, except for thiazide 
combined with a potassium-sparing agent which was handled as one drug.

10.2 Drug cost
The cost of actual drug treatment was calculated for three months for the exact brand 
and dose used for each patient. The cost of the treatment proposed by the DSS was 
calculated in the following way. If a generic class was the same in the two alternatives 
(actual treatment and the one proposed by the DSS), the drug cost for the DSS was 
set to the same amount as actual treatment, no matter what dose or brand was used by 
the physician. This ensured that there would be no difference in total cost when the 
same generic classes were used.

However, if the program proposed a generic class not used by the patient, the drug 
cost for three months was calculated according to recommended drug by the 
pharmaceutical committee of the county. Doses were selected to be equipotent with 
those used in Swedish Trial of Old Patients with Hypertension (STOP-Hypertension- 
2) (148), except for Renitec ® (enalapril) doses, which were chosen both according 
to STOP-Hypertension-2 (20 mg o.d.) and according to the average doses used in 
actual treatment, which was 10 mg o.d.

11. Paper III
11.1 The Northern Sweden MONICA Study
The Northern Sweden MONICA (NSW MONICA) screening from 1999 was used 
in paper III to illustrate the application, on the population level, of the risk stratification 
scheme proposed in the 1999 WHO/ISH Hypertension Guidelines. Hypertensives 
without established CV disease, aged 30-74 years, from the NSW MONICA sample, 
were also used in paper V to compare two different risk assessment methods.

Screenings in the W HO MONICA Project were also conducted in 1986, 1990 and 
1994. Data from these screenings were used in paper IV to obtain baseline values of 
major risk factors for individuals with incident stroke during follow-up and also to 
obtain baseline values for controls. These MONICA screenings were also used in 
paper V for estimation of cardiovascular risk functions applicable to Northern Sweden. 
An overview is given in figure 1 (next page).

The W HO Multinational Monitoring of Trends and Determinants in Cardiovascular 
Disease (MONICA) Project was initiated during the early 1980s (149). The main
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Hypertension control M , VI 
IV

Incident stroke
Guideline adherence 
and cost Risk equationsRisk distribution

MONICA samples 
1986, 1990, 1994.

Health care centres 
hypertensives (n=338)

MONICA sample 
1999 (n=5,997)

Västerbotten 
Intervention Prog.

EviBase HT CDSS EviBase Risk CDSS

t t
1999 WHO/ISH Hypertension Guidelines

Figure 1. Overview of different samples used in this thesis. The 1999 WHO/ISH Hypertension 
Guidelines formed the medical base for the two CDS Ss, one for drug treatment and one for risk 
assessment of hypertensives. The squares contain the samples used in the different studies. Roman 
numerals refer to paper numbers. The EviBase Risk CDSS was applied to the 1999 MONICA 
sample to evaluate the consequences of the 1999 WHO/ISH risk stratification scheme (III), and in 
a later paper (V) these groups risk were predicted by risk equations from the Framingham Heart 
Study as well as functions estimated from NSW MONICA samples from 1986, 1990 and 1994. 
Hypertension control was evaluated for participants in the Västerbotten Intervention Programme 
(IV) and risk factors for stroke were evaluated in a case-control study with stroke cases previously 
screened in VIP or MONICA samples from 1986, 1990 and 1994.

aim of the study is to explore to what extent changes in cardiovascular morbidity and 
mortality over time may be explained by changes in population levels of classical 
cardiovascular risk factors (150, 151). The project has been implemented in 39 
populations in 26 countries. The counties of Västerbotten and Norrbotten in Northern 
Sweden comprise one of the MONICA populations with 510,000 inhabitants, 291,000 
in the 25—64 age group. A representative sample of this population, stratified for sex 
and age (25-34, 35-44, 45-54, and 55-64 years), was examined in 1986, 1990, and 
1994. These examinations included blood pressure measurements, laboratory tests 
and a comprehensive questionnaire; for details see (152). Nurses conducted the 
interviews and the blood sampling. In 1999, the cohorts examined in 1984 (n= 1,320), 
1990 (n=l,266), and 1994 (n=l,591) were re-examined, together with a new random 
sample from 1999 (n= 1,823) aged 25-74 years. Out of 8,359 invited, a total of 6,000 
patients attended (72%), 5,997 with blood pressure values recorded.

11.2 Recorded data
The accuracy of the risk stratification of hypertensives relies on a comprehensive set of 
information about each patient. Data available and used in this MONICA material 
were age, sex, SBP, DBP, smoking, total cholesterol, diabetes mellitus, family history

36



Mats Persson

of premature cardiovascular disease, stroke, transient ischaemic attack, angina pectoris 
and myocardial infarction. Data on TOD were not available. Data on associated clinical 
conditions were based on questionnaire responses. Information on myocardial 
infarction and stroke was based on the following two questions: “Have you been 
hospitalised for a verified myocardial infarction?” and “Have you had a stroke (clot or 
haemorrhage)?” The diagnosis of heart failure relied on a combination of the following: 
presence of dyspnoea, taking diuretics and/or ACE-inhibitors and not taking drugs 
against hypertension. Presence of angina pectoris was based on responses to the Rose 
questionnaire (153). Blood pressure was measured twice by a random zero 
sphygmomanometer in the sitting position after a 5-minute rest (152). The mean of 
the two measurements was recorded. The random zero method was used to reduce 
observer bias and terminal digit preference (154), but the method has been found to 
underestimate BP (155, 156).

11.3 WHO/ISH risk assessment method
The 1999 W HO/ISH Hypertension Guidelines risk stratification scheme, shown in 
Table 2 (page 17), was designed to estimate the absolute risk of hypertensive patients 
as a basis for management decisions. The three levels of hypertension were: Grade 1 
(140-159/90-99 mm Hg), Grade 2 (160-179/100-109 mm Hg), and Grade 3 (> 
180/> 110 mm Hg). In Table 2, the blood pressure grades are presented on the 
horizontal axis.

On the vertical axis the presence of different risk factors is shown: (men >55 years/ 
women >65 years, current smoking, total cholesterol >6.5 mmol/L, diabetes, and a 
positive family history of cardiovascular disease before the age of 65), diabetes, TOD, 
and ACC. TOD includes: left ventricular hypertrophy (LVH), proteinuria, elevation 
of plasma creatinine, and atherosclerotic manifestations verified by ultrasound or X- 
ray. Associated clinical conditions includes: ischaemic heart disease, and cerebrovascular 
disease (including transitory ischaemic attacks), renal failure and peripheral arterial 
insufficiency.

Four categories of cardiovascular risk were defined: low, medium, high and very high 
risk. Each category represents a range of absolute risks of CVD. Within each range, 
the risk of any one individual will be determined by the severity and number of risk 
factors present as well as blood pressure level, calculated from Framingham data (55). 
The low risk group includes men below 55 and women below 65 years of age with 
Grade 1 hypertension and no other risk factors. Medium risk was defined as Grade 2 
hypertension and no other risk factors as well as Grade 1 or Grade 2 hypertension 
with one or two risk factors. High risk includes patients with three or more risk factors, 
diabetes or TOD combined with Grade 1 or 2 hypertension, as well as Grade 3
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hypertension without other risk factors. Patients with Grade 3 hypertension and one 
or more risk factors and all patients with clinical cardiovascular disease carried the 
highest risk of cardiovascular events, defined as 30% or more over 10 years.

11.4 Computer program for risk categorisation
In order to stratify patients according to the W HO/ISH risk assessment method, a 
computer decision support program was used. The program was adapted for this project, 
through facilities for database access, which made it possible to read MONICA data 
and put each subject into the right “risk cell” according to the W HO/ISH risk 
stratification scheme. The output was an ordinary Microsoft Excel file, which was 
further analysed in the Microsoft Excel 2000 program. This DSS was constructed 
using the same basic principles as the DSS for antihypertensive drug treatment. First 
the rules for BP categorisation were formalised using the method described for the 
drug treatment system. Secondly, rules specifying impact of risk factors, target organ 
damage and established CV disease were specified according to the description of the 
W HO/ISH risk stratification method given above. The version intended to be used 
by physicians was somewhat different from that used in the project. One major 
difference was the possibility to give as input several blood pressures taken at different 
dates in the clinical version. The DSS could then compute average BP and give 
recommendations depending on the number of BP measurements and on whether 
observation time was considered sufficient according to the W HO/ISH Guidelines. 
Another major difference was the implementation of written recommendations 
according to the W HO/ISH Guidelines in the clinical version. The physician specified 
the patients medical profile and received in response the estimated risk, whether drug 
treatment was indicated, target blood pressure and comments.

12. Paper IV
12.1 The Västerbotten Intervention Programme
In the county of Västerbotten in Northern Sweden a community-based programme 
for the prevention of cardiovascular disease (CVD) and diabetes, the Västerbotten 
Intervention Programme (VIP), was launched in 1985 (157). This programme 
combined a population-oriented and an individually oriented strategy. As one part of 
VIP all men and women in Västerbotten County were invited to a health screening 
and individual health counselling at their primary health care centre, at 30, 40, 50 
and 60 years of age. By 1999, almost 60,000 individuals had participated, representing 
a participation rate of 60% of those invited. In a previous study, differences in social 
characteristics between participants and non-participants were explored. According 
to this, the social selection bias was small, indicating the Swedish primary health care 
service to be a rather unbiased base for educational health counselling (158).
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12.2 The case-referent study
The case finding of stroke among participants in the MONICA and VIP screening 
was based mainly on three sources: discharge records from hospitals, reports from 
general practitioners, and death certificates. All cases with acute stroke (age group 25- 
74 years) and acute myocardial infarction (AMI) (age group 25-64 years) from the 
MONICA area have been included in the Northern Sweden MONICA registries 
since 1985. A nested case-referent design was used in which the incident cases were 
definite first-ever stroke events, classified according to MONICA criteria and identified 
during the period 1 January 1985 to 31 August 1996. We identified 166 individuals, 
who after participation in either the MONICA or VIP health surveys, suffered from a 
first-ever ischaemic or haemorrhage stroke before the age of 75. In order to avoid 
secondary behavioural effects, individuals with a previous AMI (n=15), or cancer 
diagnosis according to the Regional Cancer registry (n=13) were excluded. Also, 9 
cases with a previous stroke event were excluded. Thus, 129 cases (107 ischaemic and 
22 haemorrhagic; 83 men and 46 women) remained. Potential referents for each case 
were randomly selected among participants in the MONICA or the VIP surveys. 
They were matched for sex, age (± 2 years), type of survey (MONICA or VIP) and 
date (± 1 year) of health survey, and geographical region. Individuals were excluded if 
they had died or had moved away from the Northern Sweden MONICA region before 
31 August 1996. Referents were also excluded if they were known from the Northern 
Sweden MONICA incidence registry to have had AMI or stroke before the health 
survey. An additional questionnaire was sent to all referents to further ensure absence 
of stroke and/or AMI in their history. Finally, two referents for each case were selected. 
However, one of the patients had only one corresponding matched referent.

12.3 Measurements of biomedical variables in VIP
Smoking habits were defined as those reporting (i) daily smoking of cigarettes, cigarillos, 
cigars or a pipe, (ii) ex-smokers and (iii) non-smokers. Individuals who reported being 
“occasional smokers” were classified as non-smokers.

In the MONICA surveys BP was measured twice by a random zero sphygmomanometer 
in the sitting position after a 5-minute rest, and the mean of the two measurements 
was recorded. In the VIP survey the BP was recorded after 5 minutes’ rest. For subjects 
with blood pressure measured only in a recumbent position, adjustment for sitting 
posture was based on comparisons between sitting and recumbent position in 1,850 
subjects within the VIP health survey. Systolic blood pressure (SBP) was divided into 
three groups according to clinical relevance: less than 140, 140-159 and 160 mmHg 
or higher. Diastolic blood pressure (DBP) was grouped into less than 90, 90-99 and 
100 mmHg or higher. BP status was categorised as: (a) normotensive (SBP<140 and 
DBP<90 mmHg), (b) treated and adequately controlled hypertension (SBP<140 and
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DBP<90), (c) treated but poorly controlled hypertension (SBP >140 and/or DBP>90), 
(d) untreated hypertension (SBP >140 and/or >90 and awareness of having high BP), 
and (e) newly detected elevated BP hypertension (SBP >140 and/or DBP>90 and the 
patient not aware of previous elevated BP).

For total cholesterol, four groups were judged clinically relevant: below 5.2, 5.2-6.49, 
6.5-7.79 and 7.8 mmoI/L or more. Samples for lipid measurements were obtained 
after a minimum of four hours’ fasting. Total cholesterol was measured using a bench 
top analyser (Reflotron®, Boehringer Mannheim GmbH Diagnostica, Germany) or 
by an enzymatic method (Boehringer Mannheim GmbH Diagnostica, Germany). 
Body Mass Index (BMI) was calculated as weight (kg)/(height in m)2. Weight was 
measured in light indoor clothing and recorded to the nearest 0.5 kilogram and height 
was measured to the nearest centimetre, without shoes. BMI was divided into four 
groups, below 23, 23-26.9, 27-29.9 and >30 kg/m2. History of diabetes was classified 
from the answer to the question “Do you have diabetes?” in the health survey 
questionnaire.

12.4 The cross-sectional study
As a second step the case-referent study categorisation of patients with elevated blood 
pressure (BP) was used to estimate the proportion of these categories among the VIP 
participants until 31 December, 1999 (altogether 59,735 persons). The purpose of 
this praxis study was to explore the extent to which the 1999 W HO/ISH Hypertension 
Guidelines were followed in the different categories (1).

12.5 Statistical analysis
Means for baseline cardiovascular risk factors were calculated for cases and referents. 
To evaluate the mean differences in risk factors, Student s t-test was used for continuous 
variables and chi-squared testing for distributions. A p-value less than 5% was regarded 
as statistically significant. Missing values for categorical variables were treated in the 
analyses as a separate category (omitted from tables). The data were analysed by 
univariate and multivariate logistic regression using the conditional maximum * 
likelihood routine designed for matched analysis to estimate odds ratios (OR) with 
95% Cl and trends in odds ratios. To test the relation between increasing levels of risk 
factors and the risk of stroke, we categorised the continuous variables in clinically 
defined levels. In the cross-sectional study, means between blood pressure control 
categories were compared after adjustment for age differences using a General Linear 
Model.
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13. Paper V
13.1 End-point definition
The three MONICA cohorts from 1986, 1990 and 1994 were used for estimation of 
risk equations for MI (fatal and non-fatal) and stroke (fatal and non-fatal). Only 
hospitalised patients registered in the Swedish Hospital Discharge Register with a 
primary diagnosis of acute MI or stroke were included as end-points in this study. 
Non-fatal MI included the following diagnoses according to the “International 
Statistical Classification of Diseases and Health Problems” (ICD), ICD-8 (410*), ICD- 
9 (410*) or ICD-10 (121*, 146.1), and non-fatal stroke comprised the following 
diagnoses: ICD-8 (431*, 433* and 436*), ICD-9 (431*, 434* and 436*) and ICD-10 
(161*, 163* and 164*), i.e. haemorrhagic, thrombotic and undefined stroke cases. All 
subarachnoid haemorrhage or transitory ischaemic attacks were excluded.

From the Swedish Cause of Death Register, those with one of the above diagnoses 
registered as the principal death cause were included as fatal MI or stroke. The end
points had to be preceded in time by the MONICA screening examination. In patients 
with multiple cardiovascular events, only the first event was considered in this study. 
End-point data were collected from screening date until 31 December 2000.

13.2 Statistical analysis
The Cox proportional hazards regression model (159) was used to estimate the NSW 
MONICA risk functions. One equation was estimated for MI (n=91) and one for 
stroke (n=118). The estimated probability of an event was calculated as P=l-[S(t)]ß, 
where S(t) is the estimated baseline survival function for time t and ß is the sum of the 
products of the risk factor levels and the estimated coefficients. The baseline survival 
function was determined for 10 years as 0.000119 for MI and 0.0000812 for stroke. 
The risk factors included in the models were age, sex, SBP, smoking, cholesterol and 
diabetes. They were chosen to match the 1999 W HO/ISH risk factors as closely as 
possible. Using different factors could give highly different risk estimates in individual 
subjects merely because of differences in selected factors, compared to guidelines, 
which we wanted to avoid. We also wanted to include the risk factors typically used by 
physicians. Continuous variables were age and systolic blood pressure; categorical 
variables were sex, smoking (smoker defined as daily smoking or stopped within the 
last year), diabetes (yes/no) and total cholesterol level (<=6.5 mmol/L or >6.5 mmol/ 
L). The diagnosis of diabetes was based on the following question: “Do you have 
diabetes?”

13.3 Framingham risk function and risk comparison
The Framingham risk equations for ten-year risk of myocardial infarction or stroke 
were used (55). Since the high-density lipoprotein (HDL) value was not included as a
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risk factor and data on HDL were not available for the MONICA sample, the value 
1.0 was used for all subjects in the equation. Information on left ventricular hypertrophy 
(LVH) was not available in the NSW MONICA population, and this value was 
therefore set to negative for all subjects.

Each subject in the study population was classified by a computer-based decision 
support system, into the four risk categories (low, medium, high and very high) defined 
by 1999 W HO/ISH Hypertension Guidelines. Risk factors considered were age, sex, 
total cholesterol level, current smoking, systolic blood pressure, diastolic blood pressure, 
diabetes and family history of premature cardiovascular disease.

In the next step the ten-year risk of fatal/non-fatal MI or stroke was computed for 
each individual in each of the four risk groups by the Framingham risk equations and 
by the risk equations derived from the NSW MONICA samples. The spread of 
individual risk values in each risk group was then compared to the risk interval proposed 
for each risk group by 1999 W HO/ISH Hypertension Guidelines.
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RESULTS 

14. Paper I
A CDSS for antihypertensive drug treatment was developed and the following main 
characteristics were implemented. The input comprised the medical profile of the 
individual patient concerning factors relevant for the selection of the drug class. In 
addition, ongoing antihypertensive drug therapy and non-usable drugs could be 
specified. For instance, a drug tested by the patient but rejected due to side effects 
could be labelled as non-usable. If ongoing antihypertensive drug treatment was 
specified, the DSS was programmed to find the most suitable addition to current 
treatment. If ongoing treatment included a contra-indicated drug it was discarded by 
the DSS. If no ongoing therapy was specified, a recommendation was given explicitly 
from the patients medical profile.

The feedback to the physician consisted of the follow main items:

• Medical profile specified by the physician.
• Contra-indicated drugs (if any) due to the medical profile.
• Ranking list of advantages and/or disadvantages (if any) of different drug classes 

in relation to the medical profile.
• Recommended drug or validated51 combination of drug classes.
• General comments.

The user must obtain a full account of the decisions and rankings made by the CDSS, 
in order to judge what relevance the recommendation has to the needs of the individual 
patient. The feedback is built to give a clear and concise summary of the factors 
emphasised by the guidelines. Figure 7 from paper I (next page) shows a typical 
summary including input, contra-indicated drugs (if any), advantages and disadvantages 
in ranking order and the drug class recommendations given. There are also a number 
of appropriate comments, which are issued to give additional information and guidance 
to the physician. If needed the recommendation can be printed. The CDSS can suggest 
up to five antihypertensive drugs in combination.

If the CDSS is unable to find a combination on the specified level it responds with 
“No drug found”. This could be the case if the patient has several ongoing drugs, if 
several drugs are not tolerated or contra-indicated. If there is no suitable combination 
there is certainly a need for consultation with a specialist regarding pharmacological 
treatment.

aValidated combination means that the combination in itself is correct, i.e. the combination can be used 
as such.
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c u r a i

1
: Version 1.1 U£ 
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i  Side-effects: CafDihydro)

I Patient-profile:
* Prior myocardial infarction
* Aortic stenosis
* Older persons f >= 70 years)

Contra-indications: 
;; ÀCCI and AT-!!

i Evaluating advantages and disadvantages. Most important first; 
Beta is beneficial to use (because of myocardial infarction) 
Thiazide is beneficial to use (because of older patients!
Beta has further advantages (because of older patients)

Favourable drugs (most favourable first): 
Beta and Thiazide 
No unsuitable drugs.

: Current treatment: Thiazide with potassiumspar 
D rugs to include; T hiezide.

I Primary selection T hiazide with potasstumspar and 8 eta
I AC ree; Beta: Seloken-ZOC«» (because of prior myocardial infarction), 100 mg x1. 
3 Cost: 38 $/3 months

Fig. 7. Program response for an older patient with aortic stenosis and previous myocardial infarction. He has experienced side-effects 
from Ca-antagonists and is taking a thiazide with potassium-sparing agent.

15. Paper II
The average cost for one year of antihypertensive drug therapy for all 338 patients was 
1,804 SEK, which was in accordance with earlier Swedish estimates of 1,600 and 
1,700 SEK per year (160, 161). The corresponding annual cost for treatment based 
on the DSS was, according to given premises, 1,076 SEK, a reduction of total costs by 
40%.

The CDSS proposed only a fraction of calcium antagonists used, but several times 
more thiazide diuretics than prescribed by physicians on the HCCs. Since the CDSS 
only implemented recommendations obtained from guidelines, it was obvious that 
thiazide diuretics were given to patients instead of calcium antagonists if the patient 
did not have any specific medical advantage from the calcium antagonist, see figure 2 
from paper II (next page).

The doses and brand of drug chosen for each generic class of antihypertensives directly 
reflected the total cost of treatment. The following example refers to recommendations 
of the CDSS. For example, if Seloken-ZOC® (metoprolol CR) 30 mg o.d. or 100 o.d. 
was chosen for the DSS instead of Atenolol NM Pharma® (atenolol) 50 mg o.d. this 
gave a 1.6% or 3.5% higher total cost. This illustrates the potential further gain in 
cost-efficiency if the most inexpensive generic is used. Renitec® (enalapril) 20 mg o.d.
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Fig. 2 Distribution of generic 
classes for treatment of 
hypertension, actually used 
compared to the distribution 
proposed by the DSS ( n  = 338).
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gave a 7.4% higher cost for the CDSS’s drug profile than Renitec® 10 mg o.d. The 
distribution of Renitec® doses per day for actual treatment was: 2.5 mg (n=l), 5 mg 
(n=12), 10 mg (n=17), and 20 mg (n=ll).

The treatment cost varied among the four health centres studied, but there was no 
correlation to the patients’ ages, blood pressure levels or the number of registered 
complicating factors, except that the health centre with the most expensive treatment 
also had the oldest hypertensive population.

Treatment cost correlated to sex: Men had a somewhat more expensive treatment 
than women and the same was true for the CDSS’s recommendation. The expense for 
actual treatment of women was 83% of the expense for men’s treatment. The 
corresponding figure for CDSS’s recommendation was 89%.

Current guidelines recommend different treatment regimes in hypertensives with 
complicating diseases, as stated above. The CDSS was programmed accordingly. For 
example, the CDSS give priority to beta-blockers in patients with prior myocardial 
infarction, migraine or ischaemic heart disease. In contrast, beta-blockers were not 
suggested by the DSS if asthma was present. Actual treatment was compared with the 
CDSS’s recommendation in patients suffering from complicating diseases such as 
previous myocardial infarction, diabetes, migraine, left ventricular hypertrophy or 
asthma. Nothing in the proportion of given drugs in groups with complicating diseases 
indicated that the quality of given treatment deteriorated due to the shift between 
thiazide diuretics and calcium antagonists; on the contrary, diabetics received more 
ACE-inhibitors, and those suffering from IHD received more beta-blockers.
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In this study only 21% of the patients had systolic blood pressure <140 mm Hg and 
diastolic blood pressure <90 mm Hg, as shown, which parallels the result in paper III 
where BP control in the NSW MONICA sample from 1999 was examined.

16. Paper III
The MONICA sample from 1999 included 6,000 patients (49% men, 25-79 years, 
mean age 54.2 years). Only one fifth of drug-treated hypertensives had their blood 
pressure controlled to <l40/<90 mm Hg. More than two-thirds of those with high 
blood pressure did not take antihypertensive drugs. Most of them were unaware that 
they had high blood pressure.

Fig. 2

75% t—— ------------------------------------------

6 2 .0 %

Low M edium  High Very high 

Risk group

Percentage of subjects with high BP in each WHO/ISH risk group; not 
drug-treated, n =  1 773; drug-treated, n =  737; not age-adjusted.

In the drug-treated hypertensives with remaining high blood pressure (n=737) almost 
all had a medium or higher risk; in fact, 35% had a very high risk, figure 2 from paper 
III. In the untreated subjects with high blood pressure (n= 1,773) the risk group pattern 
was more benign. The risk increased successively with age both for drug-treated and 
non-drug-treated subjects.

Out of 917 drug-treated subjects, 278 were below the age of 60. When target blood 
pressure was shifted from below 140/90 to below 130/85 (in our computer model) 
for these drug-treated subjects under 60, as recently recommended by WHO/ISH, 
the number of inadequately treated subjects increased by 34 (12% increase of 
inadequately treated in ages below 60 years), 14 of whom were in the low risk group, 
while 15 had one or two risk factors and thus belonged to the medium risk group, and 
only five had a high or a very high risk.
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The risk stratification was extended into the normotensive range, which made it possible 
to stratify the whole population. There was a considerable difference in age between 
different risk groups, in the low risk group, 12% were aged 60 or above. The 
corresponding figures for the other risk groups were: 42% (medium), 69% (high), 
and 85% (very high).

Out of 5,997 subjects, 3,431 were normotensives. The distribution of all subjects 
with high blood pressure (n=2,566), not divided into treated/not treated, was different 
when the W HO/ISH risk stratification approach was used, compared with the 
distribution when only blood pressure levels were used. The borderline group was 
smaller if risk factors were considered as well.

17. Paper IV
All persons in the case-referent study were participants in a prior health survey. The 
stroke events occurred on average 36 months after the health survey. In 78% of the 
cases an event of ischaemic stroke (60 males and 41 females) occurred, 17% had an 
intracerebral haemorrhage (18 males and 4 females), while the remaining 5% stroke 
events (5 males and 1 female) had an unspecified stroke diagnosis.

The univariate analyses revealed diabetes, smoking, obesity (BMI > 30), systolic and 
diastolic blood pressure, and BP status (c) treated but poorly controlled hypertension, 
and (d) untreated hypertension, to be important in predicting risk of stroke.

In the multivariate regression model we used the factors that were significant in the 
univariate analysis. Due to multicolinearity, BP status, but not diastolic and systolic 
blood pressure was included in the model. In this combined model only history of 
diabetes and BP status (c), treated but poorly controlled hypertension, and (d), 
untreated hypertension, proved to be important in predicting stroke, while smoking 
and obesity could not be shown to be independent risk factors, Table 3 from paper IV 
(next page). The risk of stroke associated with treated but poorly controlled hypertension 
was six times higher than for normotensives and well-treated hypertensives.

When applying the five case-referent hypertension categories to praxis, more than 
two thirds (69%) of the 59,735 VIP participants were normotensive, and 3% had 
adequately controlled hypertension (8% of all hypertensives, corresponding well with 
the result from paper III with 7% controlled hypertensives). Among the remainder, 
15% had newly detected elevated blood pressure, 6% had treated but poorly controlled 
hypertension, while 7% had known but untreated hypertension. Population- 
attributable risk (PAR) of poorly treated hypertension was 46%, i.e. non-controlled 
blood pressure among people with blood pressure >140/90 in the survey explained 59
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Table 3 Multivariate conditional logistic regression

Risk factors Cases Controls OR 95% Cl

Biomedical
Diabetes 

No history 110 226 1.0
History 14 3 21.4 2.6 to 1 77.3

Smoking status 
Non-smoker 60 141 1.0
Ex-smoker 31 67 1.2 0.7 to 2.3
Daily smoker 35 45 1.7 0.8 to 3.3

Body mass index 
< 2 5  kg/m2 40 99 1.0
2 5 -2 6 .9  kg/m2 29 58 1.0 0.5 to 1.9
2 7 -2 9 .9  kg/m2 31 58 1.4 0.7 to 2.8
3*30 kg/m2 26 32 1.8 0.8 to 3.9

Hypertension treatment 
categories

Normotensive (SBP < 140  mmHg, 33 107 1.0
DBP < 9 0  mmHg)

Treated and adequately controlled 1 9 0.3 0.1 to 3.1
hypertension (SBP < 1 4 0  mmHg, 
DBP < 9 0  mmHg)

Untreated hypertension 23 24 4.3 1.7 to 10.5
Treated but poorly controlled 30 27 6.1 2.4 to 15.3

hypertension (SBP 3*140 mmHg 
or DBP ^ 9 0  mmHg, or both) 

Newly detected increased BP 37 88 1.9 0.9 to 3.6

OR, Odds ratio; Cl, confidence interval; SBP, DBP, systolic and diastolic blood pressures; BP, blood 
pressure.

out of 129 stroke cases in the population. This means that half of all stroke cases 
would be eliminated if all hypertensives were adequately controlled. The normotensive 
participants were younger than the other four categories. Women were over-represented 
in all categories but newly detected elevated BP. The normotensive category showed a 
more favourable risk factor pattern in all respects, except for daily smoking. However, 
when the possible interaction between smoking and BP status was analysed, daily 
smoking and poorly controlled hypertension combined indicated the highest risk of 
stroke. Again, these two factors are identified to be of key importance for development 
of stroke, and consequently priority should be given to interventions against them.

18. Paper V
Hypertensives (n=l,781) in the NSW MONICA sample from 1999 were categorised 
into four different risk groups defined by the 1999 W H O /ISH  Hypertension 
Guidelines, and in the next step the Framingham risk equations and NSW MONICA 
risk equations were used to compute risk for each individual in the various groups. 
The agreement was good when the values from the Framingham risk equation were 
averaged for each WHO/ISH risk group. The mean values were somewhat higher 
than the median values due to outliers with high risk.

The risk obtained with the NSW MONICA risk equation and the Framingham risk 
equation for those belonging to the low risk group is shown in Figure 2 from paper V. 
The box plot shows the median value, first and third quartile, maximum and minimum
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values and outliers. All had a risk below the cut-off value for low risk (15%) defined 
by the guidelines, and half of the subjects had risk values below 5.6% and 2.5% 
respectively, a well-defined low risk group, and no one exceeded 15% in risk.

The ten-year risk distribution, computed with risk equations, for the medium, high 
and very high risk groups from the W HO/ISH classification, are also shown in Figure 
2 from paper IV. The average risk increases for each risk group, but if the predicted 
risk for each individual is considered the risk varies from low to high depending on 
variations in risk factor values within the limitations given by the 1999 W HO/ISH 
Hypertension Guidelines.

0,60i------------------------— — r = ----------------------------------------------

N= 317 1148 158 156 317 1145 158 156

NSW MONICA Framingham

Fig 2. Distribution of ten-year risk of MI or stroke in the low, medium, high 
and very high risk groups computed with the NSW MONICA risk equa
tions and Framingham risk equations, age 30-74 years. O represents outliers.

The distribution of risk for different age groups (30-39, 40-49, 50-59, 60-69 and 
70-74 years) in the medium risk group was calculated. As expected, the risk increases 
with more advanced age, reflecting the dominating importance of the age variable in 
cardiovascular risk equations.
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DISCUSSION

19. EviBase HT clinical decision support system for drug treat
ment of hypertension
19.1 Complexity of antihypertensive drug treatment
The objective of hypertension guidelines and guidelines in other medical domains is 
to summarise relevant scientific facts, but it is not only a passive accounting of published 
scientific work. Instead different results are weighted against each other and the quality 
of evidence is assessed and ranked. Billions are spent on clinical trials to establish best 
treatment regimes, and guideline authors perform a tremendous amount of work 
gathering and compiling all this abundant quantity of scientific evidence. This is 
compiled into recommendations about management of patients in routine clinical 
practice and distributed to the medical profession.

The 1999 W HO/ISH Hypertension Guidelines (1) and JNC VI (2) are likewise based 
on a comprehensive review and interpretation of current cardiovascular research, with 
the aim of improving management of hypertension. Recommendations concerning 
antihypertensive drug treatment in routine clinical care are an important part of the 
guidelines. However, antihypertensive drug treatment is complex and this is true despite 
the fact that every single recommendation given seems simple and easy to carry out. 
Although guidelines have been produced in large numbers during the past 20 years, 
the clinical impact on blood pressure control has been far from satisfactory, and the 
complexity of antihypertensive drug treatment is one of the factors counteracting 
adequate BP control. The rationale for a CDSS for drug treatment of hypertension is 
discussed as well as its medical concept, technical aspects and limitations.

The huge expansion of evidence-based knowledge concerning antihypertensive drug 
treatment is impressive but has led to increased complexity. Large clinical trials have 
established that certain antihypertensive drugs are advantageous if certain complicating 
diseases are present, e.g. beta-blockers in patients with IHD, ACE-inhibitors and 
angiotensin-II antagonists in heart failure or diabetic nephropathy. On the other hand, 
drugs can also be unfavourable in certain conditions, e.g. certain calcium antagonists 
in heart failure, beta-blockers in asthma. Every antihypertensive drug class has its own 
set of absolute contra-indications, which the physician has to consider. Furthermore, 
it is not possible to combine antihypertensive drugs randomly, either due to contra
indications or because of less BP lowering effect with certain combinations of drugs. 
Side effects can likewise contribute to the complexity of treatment and limit the number 
of available drugs.

By aggressive forced step-up drug treatment regimes, several large treatment trials 
have accomplished better blood pressure control than seen in everyday clinical practice
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(68, 72, 162, 163) and we have learnt that combinations of two or more drugs are 
needed for most hypertensives to achieve target blood pressure. Large observational 
studies have found that systolic blood pressure is as important for the development of 
cardiovascular disease as diastolic BP (14). Large treatment trials have established that 
drug treatment of systolic hypertension is effective in reducing CV disease (77, 164- 
166). Since systolic BP is more difficult to control than diastolic BP, the need to 
combine drugs has increased (99).

While the total cost of treatment and health care is more of a political and ethical 
issue, the cost-efficiency is much more a medical issue for which the medical profession 
should take responsibility. Given two equally effective therapies, it is imperative to 
abandon the more expensive one, in order to maximise health benefits from the limited 
resources allocated to health care. As the knowledge base of medical evidence increases, 
is it important to discard ineffective or unnecessarily expensive therapies and 
managements to improve health care outcome, but at the same time increasing the 
demands put upon practising physicians.

The first-line drug is the one to use if no drug class has any special advantage or 
disadvantage for a certain patient. The concept of first- and second-line antihypertensive 
drug classes is based on proven efficacy, safety and scientific documentation. Thiazide 
diuretics and beta-blockers are well documented as being as safe and effective as newer 
drugs such as ACE-inhibitors, calcium antagonists, and angiotensin-II receptor 
antagonists. As add-on therapy the drugs most often used are alpha-blockers, loop- 
diuretics and spironolactone. Despite the superior cost-efficiency of thiazide diuretics 
and beta-blockers and the fact that all guidelines include them among first-line drugs, 
the use of thiazides decreased during the 1990s (167, 168).

To complicate matters further, marketing activities from large pharmaceutical companies 
have been intensive, focusing on factors with proven or theoretical advantages for their 
own drug. The information about antihypertensive drug treatment is now so 
overwhelming that the basic treatment rules have been blurred. Unless one is a specialist 
in the field, one will need guidelines to be able to treat patients in accordance with all 
these medical factors and accompanying rules. Making guidelines universally available 
has been the preferred way to support the practising doctor, but it soon became evident 
that implementation and use of new knowledge for individual patients was still difficult, 
and making the guidelines widely accessible has not yet been sufficient to make their 
content applied to individual patients in a busy practice. An elaborate examination of 
the steps necessary to comprehend and apply recommendations typically given in 
guidelines formed the basis for the development of a clinical decision support system for 
drug treatment of hypertension described in paper I.
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19.2 From guideline to an applied medical decision

19.2.1 Find significant medical factors
Antihypertensive drug treatment is complex and difficult, but there are also a number 
of obstacles when guidelines are used to support a complicated medical decision. Some 
of these obstacles are described below.

Each evidence-based medical decision, e.g. concerning selection of antihypertensive 
drug, is based on an essential set of medical factors which must be considered by the 
physician, before an evidence-based decision can be made. This subset of factors is 
highly specific and significant for the decision at hand, and is drawn from the much 
larger set of medical factors within the domain of arterial hypertension. This subset 
should influence the decision (select drug class) in order to get the optimal outcome 
(effect on health and cost). Neglecting important factors or ignorance about one or 
more indispensable items in the subset jeopardises the quality of the decision.

It is up to the physician to recognise these factors and apply them when decisions are 
to be made concerning individual patients. This subset must be looked for in 
hypertension guidelines. However, in the guideline each factor is often described in its 
own context, e.g. grouped according to the drug class to which it belongs, not according 
to medical decisions. The consequence is that the information needed is scattered 
within the guidelines, making it difficult to extract those factors that are essential for 
a particular medical decision. Furthermore, patients1 medical profiles are often 
subdivided into different categories contributing to further fragmentation, which can 
make the link between the decision and factors governing the decision even more 
obscure and difficult to apprehend.

19.2.2. Dependencies and individual values
Once the subset is characterised, the value of each factor has to be set. This collection 
of several variables, specific for each patient, has to be remembered by the physician 
during the decision-making process. Moreover, guidelines contain many dependencies, 
i.e. what is stated in one place in the guidelines could be overruled by another statement 
concerning another factor in a different part of the guidelines, forcing the physician 
to have a working knowledge of the entire guideline text. When all possible 
dependencies are cleared and the collection of factors governing the medical decision 
is found and given a patient specific value, then the phase of applying the evidence- 
based knowledge to the individual case begins.

19.2.3 Find significant rules to apply
What rules should be applied to the collection of data in order to finally find the 
correct answer? This is often the most complex and time-consuming part. Although
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each isolated rule is very simple, the complexity arises when these rules are combined. 
Assume that each rule consists of three possibilities a, b and c, and that you have nine 
rules none more complicated than three possibilities; you then end up with 19,683 
possible combinations from these nine simple rules, and all must be taken into 
consideration simultaneously — a daunting task in a busy doctors office.

It will not be possible to describe each typical patient because of the exponential 
increase in alternatives. Instead each rule is described and arranged in some hierarchical 
logical order, e.g. according to drug class and within each class according to different 
diseases. The tricky part is to figure out the combined result of all these simple rules 
scattered all over the guidelines, each with different ranking and priority information 
attached to it. These are, briefly, some of the difficulties encountered when applying 
complex knowledge in key medical areas.

The key link between the evidence-based knowledge and the desired recommendation 
is the patients medical profile consisting exactly of the medical factors needed to take 
a high-quality evidence-based decision.

19.3 The EviBase medical concept

19.3.1 Defining decision to support
Guideline-based CDSSs must have a technical architecture capable of implementing 
a dedicated kernel for presentation and execution of rules and for distributing the 
system to users. But the technical solution has to be based on a medical concept which 
describes the premises for guideline-based CDSSs. The guideline-based CDSSs 
explicitly address problems associated with the use of guidelines to support clinical 
decisions.

The development cycle does not begin by an exhaustive search of the MEDLINE to 
gather all available information on antihypertensive drug treatment and in the second 
step try to cram all evidence-based knowledge into the CDS S. The basic approach is 
instead to define what key medical decisions the physicians have to make in order to 
give cost-effective and high-quality care (high-quality care has many dimensions, we 
are here referring to core medical decisions, if possible based on EBM). Selecting 
which persons with high BP to treat with drugs is one fundamental question. The 
next question is which drug class should be used, alone or in combination, to obtain 
blood pressure control. This process of finding appropriate and important medical 
questions requires profound medical knowledge of the particular medical domain 
and also knowledge of the environment (mostly country-specific issues) where the 
evidence is about to be used. In short, the CDSS must focus on important issues and 
it must be possible to base its solutions on evidence.
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19.3.2 Choose guidelines
The medical guidelines on which to base the solution must meet certain requirements. 
As the selected guideline will be the medical anchor of the CDSS, any deviation from 
the guideline must be clearly stated in the output. The guideline itself must be 
recognised and cleared by some trusted authority. The evidence used must also be of 
importance to the physician and recognised by the physician. The EviBase concept is 
that of evidence-based medicine, and the user must also acknowledge this broader 
concept. The CDSS is a tool for applying knowledge that the physician understands, 
acknowledges and wants to implement, but is too complex for him/her to consistently 
implement in an accurate way in a busy clinical practice.

19.3.3 Specification of medical factors
Factors of significant importance for the decision have to be specified. Even though 
the CDSS is based on a specified guideline and evidence-based factors, there will 
always be delimitation problems. The most important and best-proven evidence should 
be included, while that of doubtful significance should be ignored or implemented as 
comments. In this stage specialist knowledge is required to decide which factors to 
include and where to make delimitations. It is important to understand that the quality 
of the CDSS is based on the amount of proven evidence in the guideline, not on 
precisely which factors are judged to be too uncertain to be included. A large amount 
of factors are not only of practical concern; uncertain factors interfere with proven 
evidence and could lead to poorer recommendations. It is not crucial to include as 
many factors as possible in the CDSS; instead it is crucial not to leave out important 
evidence while taking in less valuable factors. The definition of each factor is also an 
important development step; the purpose of these definitions is to make sure that the 
input of the medical profile will be as correct as possible. Also, the arrangement of the 
visual elements in the input box is designed to support an intuitive and correct input 
of data to the CDSS.

19.3.4 Specification of rules
The rules needed to make a decision for the medical profile fed through the interface 
to the system by the physician are those rules and recommendations specified and 
retrieved within the chosen guideline. In this step too, specialist medical knowledge 
will be required since not all recommendations in the guideline are always specified as 
clear-cut logic rules. When rules are executed the system should provide feedback to 
the user, in order to give a full account of the rules that have been applied to the 
medical profile.

19.3.5 Doctor-patient relationship
Not all factors and circumstances should be forced into the CDSS, rather as few
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factors as possible. These few factors are those based on evidence, which of course 
limits the decisions the system could support. Factors that are not evidence-based 
or based on facts should not be implemented in the CDSS as rules, since there is no 
way to predict the validity or reliability of the result. For instance, dose adjustment 
could be a question that is better left to the physician and patient to agree upon. 
Particularly factors that are important for the doctor-patient relationship should be 
left out of the CDSS. It is important to remember that even if a medical decision is 
based on evidence, it is also heavily dependent on the interaction between the doctor 
and the patient.

19.3.6 Guideline recommendation vs. medical decision
It is crucial for the understanding of the meaning of the CDSS’s output to separate 
the medical decision made by the physician from the recommendation obtained from 
guidelines; although they may often be the same, they are not always so. The medical 
decision is made by the physician from all information available and in concordance 
with the patient, while the recommendation obtained from guidelines concerns the 
medical profile alone. The CDSS does not provide medical decisions. The CDSS is 
not a replacement for a physician, on the contrary. However, it supports the decision 
making by supplying the recommendation given by the guideline in response to the 
patients medical profile. This guarantees that evidence-based factors will be considered 
or at least known by the physician in the decision-making process.

19.3.7 Incentive to use
The incentive to use the system should be its ability to facilitate clinical decision 
making for the individual physician. It helps the physician to make a complicated 
decision when dealing with common therapeutic problems and at the same time 
implements the knowledge and preferred behaviour built into the evidenced-based 
medical guidelines. This is possible due to the concentration on a few key issues.

19.3.8 Educational function
The idea is to remind the doctor of key therapeutic principles each time the CDSS is 
used. The preferred management of a certain medical issue is not only provided in the 
answer, but also built into the user-interface of the CDSS. The medical profile, the 
definition of its components and the wording of comments are intended to remind 
the user of the underlying evidence and principles put forward in guidelines. The 
repeated reminders of certain key elements and management sequences are built into 
the very use of the CDSS. The checkboxes with the request for key data are in their 
simplest form just a reminder of what is imperative to consider before making the 
decision.
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One important source of evidence-based medical knowledge widely used today and 
easy to access from one’s own computer is MEDLINE and other databases with huge 
amounts of medical information. Other examples are large sites dedicated to medical 
information, advertisement and collegial interaction, e.g. MedScape®. Guideline- 
based CDSSs, on the other hand, reside on the other end of the support spectrum 
providing support for key medical decisions.

19.3.9 Summary of basic features
The guideline-based CDSSs explicitly address problems associated with the use of 
guidelines in clinical practice by: (i) focusing on key medical decisions; (ii) presenting 
the collection of factorsb needed to make an evidence-based decision; (iii) keeping 
track of all relevant dependencies within the guideline; (iv) automatically processing 
the set of values following the rules stated in the guideline; (v) giving the 
recommendations for this particular medical profile.

The physician has to recognise and acknowledge the existence of a medical problem, 
and gather the values needed to submit the medical profile of the patient. The final 
analysis is made by the system and a statement that justifies the given recommendation 
is issued back to the physician. This statement together with information and knowledge 
not derived from the CDSS is finally compiled into a medical decision taken in mutual 
understanding between the physician and the patient.

The basic idea is to facilitate the use of knowledge by replacing the general description 
in the guideline by a specific description relevant for a certain individual or a certain 
medical profile. In other words, it should be easy for a physician to obtain the guideline 
recommendation for a given patient regarding the medical decision at hand.

Interaction between the user (physician) and the CDSS goes through the interface 
consisting of the medical profile of the patient. The medical profile is the raw material 
to which the knowledge derived from the underlying guidelines will be applied.

19.4 Formal representation
Medical decision-making is complex, and many steps in the decision-making are not 
obvious for a layman. The text, figures and tables in the guidelines must be described 
in a formal way, be reproducible, understandable and unambiguous. An important 
step in the development process includes a careful and thorough description of the 
factors involved in the decision, dependencies and how these facts interact to give the 
correct answer. A brief example of the formal representation of knowledge is given in 
the method section (paper I). A brief description of the technical architecture is given 
below.

bA factor could be age (value 59) or systolic blood pressure (value 160) or diabetes (valueyes/no) and so on.
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19.5 Technical architecture
The technical architecture concerns the implementation of a dedicated kernel for 
presentation and execution of rules, internal and external communication, platforms, 
update, interfaces, installation, and distribution. The physician navigates to the prepared 
web page in order to use the CDSS.

The CDSSs are web-based and there are two main advantages with web versions. 
Firstly, there is no need for program installation on the client computer, avoiding a 
considerable quantity of work. Breakdowns due to program incompatibilities when 
installing new programs are also avoided. Secondly, updating of current CDSSs is 
done in one place and additional CDSSs are in the same way installed on one server 
for all users, instead of program installation on each individual computer.

The EviBase Web system is currently being developed on a Windows N T (Win2000) 
platform for the server part, and Microsoft Internet Explorer (version 5.5+) for the 
client part. The application is delivered by standard web technologies. Application 
framework is implemented using Microsoft C++. For the whole system there are 
multiple programming languages involved; Microsoft C++ and JavaScript for server 
and client functionality, XML as an interface language, and HTM L for client 
presentation. EviBase Web site is hosted by a commercial internet provider.

Ideally the platform should support all available hardware from personal computer 
platforms to handheld devices, computer pads and mobile phones.

The logic part is not limited in any way except for the parameters sent from/to the 
logic. Basic features of the EviBase systems are: (i) to be able to implement new CDSSs 
for various medical decisions whenever it is necessary and cost-effective to do so, (ii) 
when the logic module is in place it will run automatically on every device connected 
to the Internet, (iii) to maintain and update these CDSS.

The CDSS is a stand-alone application and can be used simultaneously with any 
patient record system. One “logic module” is a totally stand-alone component, and 
the system is not dependent on other modules on the client side. The architecture can 
use any security mechanism supported by the web browsers (i.e. server certificates 
using 128-bit encryption). However, no critical or personal identification is currently 
being transferred, only a medical profile submitted by the physician.

19.6 Usage in practice
It is important to separate the medical decision and the actual execution of that decision 
when it is made, e.g. the physician wants to know what antihypertensive drug class
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patient A is recommended. He/she opens the EviBase window, supplements the patient- 
specific factors that govern this decision. He/she finds that the patient, according to 
the guidelines, should be given a thiazide diuretic and that it is highly cost-effective to 
do so. The EviBase is not needed anymore, the physician proceeds to execution of the 
decision (whatever that decision is), which will be done in the ordinary practice 
management system used for prescribing and documentation.

Why should a health care provider be interested in a CDSS? The cost-effectiveness is 
heavily dependent on key medical decisions, decisions made by physicians on a daily 
basis. Antihypertensive drug treatment costs from about 400 SEK to 2,500 SEK yearly 
depending on drug, statin treatment costs about 4,500 SEK yearly, and therapy is 
intended to be lifelong. Treating hypertension according to guidelines has the potential 
to save about 40% of antihypertensive drug costs in Sweden. We must pinpoint the 
most important decisions in each medical domain and try to support these decisions 
by the most updated and high-quality information available and then help the physician 
to implement this knowledge in clinical practice.

19.7 Limitations
We don’t yet know whether guideline based CDSS will be of any practical use to busy 
physicians. Secondly, only a very limited number of decisions can be supported in this 
way. Most medical decisions are far too complex to be handled in this way. Thirdly, 
and perhaps most important, the CDSS cannot be better or more trusted than the 
guideline which it is based upon. Also, a guideline cannot be better than the scientific 
evidence that it is founded on. A general-purpose programming language was used to 
develop the CDSS and this imposes some limitations: (i) it does not per se support 
implementation of logic-based rules, instead a dedicated kernel for representing and 
execution of rules has to be implemented; (ii) very complex problems have to be 
broken down into manageable pieces; (iii) the technical implementation requires a 
professional programmer.

20. Guideline-based antihypertensive drug treatment
Actual antihypertensive drug treatments given by physicians were compared in paper 
II to treatment recommended in hypertension guidelines. The strength of this study 
being the fact that the antihypertensive drug treatment proposed by the CDSS was 
influenced in a very elaborate way by available data in the patient record, in accordance 
with recommendations in guidelines. In this way the cost for antihypertensive drug 
treatment could be reduced by 40%, while keeping the amount of drugs and doses 
equal to actual treatment given by physicians. Another strength is that the principles 
used to accomplish this are well founded and mostly based on evidence from 
randomised controlled trials.
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Paper II gives strong evidence for the opinion that the potential for cost saving with 
maintained treatment quality is great in hypertension, the weakness being the fact 
that it is a potential, not an obtained saving in a randomised controlled trial. 
Furthermore, the introduction and use of CDSSs by physicians can effectively be 
prevented by a heavy workload that hinders every effort to bring about management 
changes.

Changes in drug prices will of course have a huge impact on treatment cost. Perhaps 
the difference in cost will become less startling in the future. The opposite scenario is 
also possible, if new expensive drugs are introduced to the market. Since BP control 
was poor (21% controlled to <l40/<90 mm Hg) and the average number of drugs 
given was about 1.5 it can at least be speculated that a CDSS that makes it easy to 
combine antihypertensive drugs can contribute to better BP control among patients 
that need several drugs. Furthermore, since the CDSS always proposes a thiazide- 
diuretic, if not already given or if no compelling indication exists for another drug 
class, it is likely that the proposed treatment will be cost-effective.

Future challenges lie in studies defining CDSS usage, user satisfaction, user behaviour 
changes and effects on blood pressure control and treatment cost. To prove benefits by 
following hypertension guidelines concerning antihypertensive drug treatment on hard 
endpoints would require a large randomised controlled trial, and it is unlikely that 
such a trial will be carried out, if only for funding reasons. Another question concerns 
physicians’ willingness to comply with evidence-based medicine and guidelines. 
Physicians who actively want to diverge from guidelines will not use a CDSS based on 
such recommendations. How large this group is compared to those who want to follow 
guidelines but for various reasons are unable to do so, is to my knowledge unknown.

21. Cardiovascular risk estimation
21.1 Blood pressure and risk estimation
Several aspects of high blood pressure have been studied in papers III, IV and V, and 
our findings will be discussed in relation to the current management of hypertension. 
Much of the data used are from Northern Sweden, and are therefore of high relevance 
for our own locally adopted treatment and management policy of hypertension. Data 
from the NSW MONICA study and the Västerbotten Intervention Programme tell 
us that high blood pressure is very common, and those with high blood pressure carry 
high risks of future cardiovascular disease. We can only conclude that treatment of 
blood pressure is poor, with a minority obtaining target blood pressure, and also that 
those inadequately treated carry a six fold increased risk of stroke compared to those 
adequately treated.
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As resources, both time and money, are limited, it is of paramount importance that 
resources are allocated optimally to maximise outcome. The cost-efficiency of 
antihypertensive drug treatment is heavily dependent on short-term absolute risk of 
CV disease, and what is needed is an easy to use, yet accurate, risk prediction tool 
intended for use by busy physicians in the clinical setting. The fact that there are 
many different interventions, targeted at many different risk factors and all with 
different efficacy and price tags, makes resource allocation even more complicated. 
The risk estimate is not only used by health professionals in decision making but also 
to motivate patients to take appropriate actions.

21.2 Blood pressure is not enough
The prevalence of hypertension in the community is high (89, 107, 169), the increase 
in risk begins already at a blood pressure level of 115/75 mm Hg (14), and the risk 
increase associated with high BP applies to all ages; the consequences in disease events 
occur in the normal and high normal range of the BP scale as well as in mild, moderate 
and severe hypertension. Despite all this, the benefit of antihypertensive drug treatment 
is much more closely correlated to the global cardiovascular risk of the individual than 
to the exact BP level (1,2).

These circumstances make blood pressure inadequate as a single determinant of how 
to manage hypertension, e.g. for specifying the intensity of preventive interventions 
and drug treatment. In consequence, most hypertension guidelines now acknowledge 
global risk estimation as an important part of hypertension management [1,2,3].

21.3 Risk burden
In paper III the NSW MONICA sample from 1999 was categorised according to the 
risk stratification scheme proposed by the 1999 W HO/ISH Hypertension Guidelines, 
in order to obtain an idea of the amount of risk in the hypertensive population [1]. 
One of the main findings was that drug-treated hypertensives also had a high associated 
risk of CV disease, and among drug-treated hypertensives not attaining target blood 
pressure 87% had medium, high or very high risk according to the guidelines.

Moreover, it is well known that hypertensives have more severe risk factor profiles 
than non-hypertensives, also known as risk factor clustering (43, 170). From data in 
paper IV it is also indicated that the metabolic profile among hypertensives is more 
unfavourable and drug-treated hypertensives seems to be a selected group of high-risk 
individuals.

21.4 Comparing guidelines with risk equations
The risk stratification proposed in the 1999 W HO/ISH Hypertension Guidelines is 
easy to use but implementation of age is weak and the medium risk group includes a
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variety of risk factors and risk levels. By comparing each risk group defined by the 
1999 W HO/ISH Guidelines with risk equations, we wanted to evaluate the spread of 
risk within a risk group due to variations in number and level of risk factors.

21.5 Risk equations
21.5.1 Risk equations used
Risk equations are used to get a more accurate individual risk prediction than obtained 
with the crude categories of the guideline. Risk equations, as a means of evaluating 
the W HO/ISH risk categorisation scheme, have several properties that make them 
suitable for that purpose. The risk equations assess the combined effect on risk of all 
risk factors and can use their exact values in the calculation, e.g. it is crucial to obtain 
a reliable estimate of the impact of the age variable since age is a dominating factor 
when absolute risk is calculated.

Primarily our aim was to develop a NSW MONICA risk equation and use that equation 
on the 1999 NSW MONICA cohort. The main comparison was planned between 
the 1999 W HO/ISH Hypertension Guidelines risk groups and risk equations derived 
from previous MONICA samples in Northern Sweden. In this way both the risk 
spread and the absolute risk could be assessed.

Unfortunately, there were too few events during the follow-up of the MONICA samples 
from 1986, 1990 and 1994, and it was impossible to attain significant coefficients for 
all desired risk factors. This forced us to use the Framingham risk equations as well, in 
order to ensure that risk spread was not a chance finding. However, using the 
Framingham risk equations also had advantages, one being the fact that W HO/ISH 
Hypertension Guidelines’ authors had used risk estimates from the Framingham cohort 
to calculate risk levels in the four risk groups of the risk stratification scheme. Another 
was the possibility to compare differences between equations, while keeping in mind 
that these functions are not interchangeable. Absolute risk levels calculated with the 
NSW MONICA risk function were lower than the risks produced by the Framingham 
risk equation. This difference in absolute risk levels is explained by several factors: (i) 
there is a more restrictive definition of events in the NSW MONICA risk equation; 
(ii) it is based on a more recent material than the Framingham equation and reflects a 
decreasing incidence of coronary heart disease during the 90s; (iii) it has previously 
been shown that the Framingham risk function overestimates the risk of coronary 
heart disease when applied to Swedish populations, especially in subjects with few risk 
factors (11).

21.5.2 Included risk factors
Physicians and others often point out the fact that certain risk factors are missing in 
guideline algorithms or risk equations. The main reason for not including all factors is
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that it is uncertain whether all factors have independent risk contribution exceeding 
that of the major risk factors. But this does not imply that they are clinically 
unimportant; on the contrary, they are very important since they influence the major 
risk factors. The important thing is always to incorporate the major risk factors as the 
basis for your decision and of course to give other factors some consideration as well. 
However, estimation of cardiovascular risk is not a critical issue for advocating 
interventions against smoking, obesity and physical inactivity.

The use of predisposing risk factors in risk equations is prevented mainly because they 
are difficult to quantify in a reliable way (food intake, physical activity and psychoso
cial factors) and secondly their independent contribution to CV disease beyond that 
of the major risk factors has been difficult to establish (23, 57), even if associations 
have been found in a number of studies (171-173).

The 1999 W HO/ISH risk stratification scheme specifies which risk factors to use, 
and we wanted to apply a risk function that matched these as closely as possible. A 
drawback with risk functions is that factors not included in the function have no 
impact on the risk estimated by the function. Using risk factors other than those 
included in the guideline specification could yield highly different risk estimates on 
the individual level just because of difference in the selected set of factors. The risk 
factors used by the guideline were also considered as well established major risk factors 
and widely used by physicians.

21.5.3 Average vs. individual risk
Is it fair and meaningful to compare these equations with the algorithm proposed in 
the 1999 W HO/ISH Guidelines; after all, each W HO/ISH risk group has been found 
to correlate to increased risk (162, 174). Furthermore, the Framingham risk equations 
have been used to estimate absolute risk in each of the four risk groups by the W H O / 
ISH Guidelines’ authors. However, the crucial point is that average risk for the whole 
group is not equivalent to the risk experienced by each individual in the group, i.e. 
half of the subjects may have low risk and half high risk, but the group as a whole will 
have medium risk. Problems arise when the crude risk categorisation is applied to 
individuals, particularly as the result is intended to be used as a basis for treatment 
decisions. As the spread of risk increases within the category, the risk of misjudgement 
of individual cases increases, and that must be observed and corrected by the physician.

21.6 Who and how?

21.6.1 Global risk estimation
It may be obvious that global risk (defined as absolute risk of an event (MI, stroke or 
CV death), i.e. number of events in a certain period of time divided by population
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count) has to be considered before a decision about intervention level is made. But it 
is somewhat less obvious for whom this global risk estimate is relevant and how to 
carry out this global risk estimation. Both underestimation and overestimation of 
future risk will cause a deviation from optimal treatment (optimal is here defined as 
the best use of available resources).

21.6.2 High risk groups
In two groups of hypertensives interventions are mainly governed by other 
circumstances than absolute risk: (i) an extreme deviation of one risk factor, which 
can often be a sufficient reason for intervention, e.g. familial hypercholesterolemia, 
severe hypertension and smoking; (ii) those belonging to high risk groups by definition 
(those with diabetes, target organ damage or established cardiovascular disease). The 
consensus is unanimous in most guidelines about these categories; they should be 
treated down to a target level of <140/<90 mm Hg and in certain subgroups even 
lower. Every individual in the specified group is at such a high risk now or in the 
foreseeable future that drug treatment is warranted.

For the remaining hypertensives global risk estimation is necessary and gives valuable 
and indispensable information about treatment benefits. This confines the clinically 
useful estimation of absolute risk to the low and medium risk categories according to 
the 1999 W HO/ISH risk stratification scheme for predicting absolute cardiovascular 
risk.

21.6.3 Medium risk group
The medium risk group as defined by the 1999 W H O /ISH  Guidelines is 
heterogeneous, large and heavily dependent on diagnostic efforts to find TOD. 
Furthermore, when risk for each individual in the medium risk group was estimated 
by risk equations, the risk spread was large. In fact, when the Framingham risk equation 
was used, about half of the individuals in the medium risk group had a lower risk than 
that specified by WHO/ISH Guidelines and one quarter had higher risk. This spread 
of risk was caused by variations in age and risk factors within the boundaries given by 
the guidelines for each risk group. The conclusion from our work in papers III and V 
is that the W HO/ISH risk stratification scheme is valuable and easy to use, but that it 
is not accurate enough for the heterogeneous medium risk group, see figure 2 next 
page.

Instead I propose for the medium risk group a complementary risk estimation performed 
by a suitable risk equation. Risk equations need computation, e.g. by a CDSS or by 
using already calculated risk charts, e.g. those included in the New Zealand hypertension 
guidelines (175). The risk section of this thesis discusses some pitfalls and flaws concerning 
the use of risk equations and that discussion will not be repeated here.
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21.6.4 Low risk group
The low risk group, according to the 1999 W HO/ISH Hypertension Guidelines, 
seems to be a well-defined low risk group, both according to the guideline algorithm 
for risk categorisation and according to risk estimates by equations from the 
Framingham Heart Study or the NSW MONICA Study. It is important to realise 
that this group of mild hypertensives is devoid of other risk factors, which makes 
them unusual, and furthermore they are young (male <55, female <65 years).

Further analysis showed that there was no large group of low risk patients with mild 
hypertension that accounted for a majority of poorly treated hypertensives. This is 
despite the fact that the MONICA data did not include information about target 
organ damage. Intense diagnostic efforts to establish the presence of target organ damage 
would have reclassified a substantial part of the low and medium risk group into the 
high risk group, further increasing CV risk (176-178). Only about one fifth belonged 
to the low risk group, hence four out of five had medium or higher risk, and this 
pattern was even more pronounced among poorly treated hypertensives (only 13% 
had low risk), see paper III.

21.6.5 Borderline groups
One nice feature of the risk stratification scheme described in the 1999 W HO/ISH 
Hypertension Guidelines is that it does not create huge borderline groups. Those with 
high normal BP and mild hypertension are a large, heterogeneous group, and if BP 
alone is used to decide whether drug treatment should be initiated or not, it will be 
very difficult to make a correct clinical decision. The risk stratification produces a low 
risk group, which is well defined and seems to contain only low risk patients, also 
when estimated by risk equations.

Figure 2. It is important to determine absolute risk for individuals in the medium risk group, 
e.g. by use of risk equations. Those with several risk factors, diabetes, target organ damage, 
established CV disease and severe hypertension should always be treated. The low risk group 
is well defined, and in this group drug treatment is not urgent.
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22. Tougher target blood pressure for younger people
In paper III the impact of a lower BP target level for those below the age of 60 years 
was simulated, and the result showed that this would (not surprisingly) predominantly 
affect those with low and medium risk, and if it is not a mistake by the guideline 
committee, it is not consistent with the overall stated view in the WHO/ISH Guidelines 
to adjust the intensity of preventive measures depending on current risk. O f course, it 
could be speculated that intense treatments early will yield even less target organ damage 
and CV disease in the long run, which probably is true, but the cost-efficiency will 
probably be low, especially if the outcome measure is the number of events averted.

23. Absolute risk
Although risk equations certainly have many flaws and there are several pitfalls before 
they can be used in a reliable way, is it difficult to argue against risk equations as the 
best tool today for predicting absolute risk. The management of the medium risk 
group will be intensively discussed in the coming years, and I doubt that risk equations 
will put a final end to that discussion. The reasons for this is that absolute risk also has 
its shortcomings apart from the difficulties discussed earlier in this thesis.

Absolute risk as a measure of treatment benefit constrains drug treatment for a limited 
group with high risk, and the money spent will give the most possible averted events. 
As resources increase/decrease or costs change, the cut-olf limit for intervention could 
be reduced/increased, still giving maximum averted events. Could it be any better?

However, the importance of absolute risk diminishes at both ends of the age scale, because 
young people always have low short-term risk due to the slowly progressive nature of 
cardiovascular disease, and for the same reason elderly have high risk, irrespective of risk 
factor levels. High cut-off levels of absolute risk before drug treatment is initiated will 
yield a high cost-efficiency, but most events will happen before treatment is started 
(179) and the dominating factor for when drug treatment is given will become old age.

Another recommendation given by the Second Joint Task Force of European and other 
Societies on Coronary Prevention was to project the risk to the age of 60 years, for 
younger people, to neutralise the age variable (33). This is less explicitly expressed in the 
New Zealand guidelines, which transfer the responsibility to the physician by wordings 
like “whether the benefits of treating the elderly should be discounted according to age, 
or alternatively a premium accorded younger people to be treated at a lower risk level, is 
a complex issue and difficult to adjust for in a risk equation” (175).

The trouble with absolute risk is that it gives equal weight to a death from coronary 
heart disease at 55 as at 80 years. It could be asked whether life years gained would not
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be a better measure of treatment benefit than number of events averted in a specified 
time (179).

Using absolute risk in preference to life year gained or relative risk postpones treatment 
to older age, e.g. a 35-year-old with a doubled relative risk has to wait until age 60 
before absolute risk reaches 2% yearly or 75 years before he reaches an absolute risk 
per year of 3% (179). The measure chosen for treatment benefit influences the choice 
of individuals that seem most advantageous to treat. If the number of events averted 
in five years is the outcome measure, then absolute risk will predict the most efficient 
therapy. If life years gained per year of treatment are instead considered, then more 
resources will be allocated earlier in life to those with high relative risk (179).

The preferred way to reduce high long-term risk, if short-term risk is low, is modification 
of lifestyle habits and then later on, if the short-term risk eventually rises to a high 
level (if lifestyle changes fails) initiating drug treatment. The drawback is of course 
that those just under the cut-off limit for treatment will never be treated or that drug 
treatment will be introduced late in life when most individuals in that category have 
already accumulated most of their lifetime events (179).

24. Limitations
What then are the limitations of papers III and V? The common and most important 
shortcoming in these two articles is the lack of data on target organ damage. Information 
about target organ damage is important and has consequences for both studies. The 
consequences are however predictable and are not crucial for the main conclusions 
drawn from the results. However, it is indisputable that the risk in the low and medium 
risk groups is underestimated when data on TOD are lacking. While proteinuria is 
relatively uncommon among mild and moderate hypertensives (180) without diabetes 
or established CV disease, left ventricular hypertrophy is prevalent (181, 182). The 
prevalence of LVH, diagnosed by electrocardiography, in hypertensives cared for in 
primary health care in Sweden has been estimated at 22% (183) and in the ALPINE 
study of newly detected hypertensives, conducted in Northern Sweden in 2001, the 
prevalence was 17% [Lindholm, et al. J Hypertens. In press]. Investigation by 
ultrasound and echocardiography would transfer additional individuals from the low 
and medium risk group to the high risk group. However, this fact would only have 
strengthened our finding that people with high blood pressure often carry a high risk 
of cardiovascular disease.

The MONICA study is population-based, i.e. a sample that represents the whole 
population within the catchment area. The MONICA sample is stratified according 
to age and sex, and this gives an overrepresentation of older individuals. Furthermore, 
there was a lower participation rate particularly among the youngest. With adjustment
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for this, the low risk group increased from 16.2% to 22.6% among those not treated 
and from 5.5% to 13.0% among drug-treated hypertensives. Individuals seen at health 
care centres are probably somewhere in between these figures, because unawareness, 
especially among young men, is high (99).

Blood pressure is measured on one occasion, and some of those with high blood 
pressure at the MONICA screening would have lower blood pressure in repeated 
measurements. Blood pressure was measured using the random zero equipment, which 
slightly underestimates blood pressure. In the group “aware of having high blood 
pressure”, 65% also had high blood pressure at this MONICA screening, and the 
consistency of high blood pressure between 1994 and 1999 was 61%, which indicates 
that about two thirds had hypertension.

25. Blood pressure control
The size and importance of the hypertensive disease has successively been discovered, 
and several large studies have established high BP as a common, dangerous and 
important condition both for number of deaths and for lost years of life worldwide (9, 
10). Epidemiological studies have verified that hypertension is very common (7), and 
the same was found in the 1999 MONICA sample.

In the 1999 NSW MONICA sample only 20% of drug-treated hypertensives had 
obtained target blood pressure, although the dangers of inadequately treated BP have 
been known for a long time. Blood pressure control in the Västerbotten Intervention 
Programme was 29% among drug-treated hypertensives, reflecting that participants 
in the VIP were younger than in the 1999 MONICA sample (average age 47 vs. 54 
years).

These results, although disappointing, with the vast majority not obtaining adequate 
BP control, are consistent with results from many other countries, see table 3 (page 
22). It is unusual to attain BP values below 140/90 mm Hg, which emphasises that 
antihypertensive drug treatment is difficult. A majority were not aware that they had 
high blood pressure, which is surprising since many studies have reported rather high 
values for awareness and treatment (95, 96, 100). O f course, not all will have 
hypertension when strict diagnostic criteria are applied, but we estimate that about 
two thirds of those with high blood pressure and not drug-treated would in fact have 
hypertension.

Paper IV also illustrates risk factor clustering in hypertension; those with high blood 
pressure had a high prevalence of obesity, and greater lipid and glucose concentrations. 
Ail of these factors will increase the risk of cardiovascular disease.
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26. Management of hypertension
One im portant reason for poor BP control is of course changed treatment 
recommendations, with successively lower target levels as new discoveries from RCT 
have emerged. Studies showing that elevated systolic blood pressure is as bad as elevated 
diastolic blood pressure, and the efficacy of treating isolated systolic hypertension, 
have imposed further treatment demands.

Most uncontrolled hypertensives have a systolic blood pressure between 140 and 159 
mm Hg, and might be dismissed by physicians as not necessary to treat, if the 
cardiovascular risk is not observed and apprehended. It is not yet fully understood 
that the benefit of treatment is much greater in a patient with a very high risk and a 
systolic BP of 140 mm Hg than in a person with low risk but a systolic BP of 160 mm 
Hg, and therefore a majority of older patients between 140 and 159 mm Hg are not 
treated adequately for their hypertension or even recognised as being hypertensives.

It must also be emphasised that a majority of hypertensives will not be controlled 
down to <l40/<90 by one drug alone. Management of high blood pressure is 
numerically a huge problem, but above all a complex and time-consuming problem. 
However, we are not empty-handed in dealing with our most prevalent disease. Effective 
treatment exists and it is up to the medical profession to give this treatment to those at 
risk of cardiovascular disease together with high blood pressure.

Knowledge about hypertension, its risks, and how to avoid them is rapidly expanding, 
but the implementation is seriously lagging behind. While knowledge expands, so too 
does the complexity of management, and it becomes more and more difficult to actually 
carry out treatment recommendations tailored for the individual. The complexity is 
due to the many factors involved in the treatment decision, and the difficulty is due to 
the need for several consultations and several drugs used together and prescribed over 
a long period of time. The attitudes towards and understanding of cardiovascular risk 
associated with mild or moderate hypertension are important for willingness to treat 
and for the apprehension of patient benefit from drug treatment.

Could a clinical decision support system targeted at certain key decisions in the 
management of hypertension be useful in obtaining better blood pressure control and 
more efficient and cost-effective drug treatment? This could be obtained by better 
compliance with guidelines and easy access to information about how to combine 
several antihypertensive drugs in those needing several drugs in order to attain an 
acceptable BP in relation to their cardiovascular risk. However, the implementation 
and evaluation of CDSS in clinical practice is still to be done. As time for disease 
management decreases and the burden of bureaucracy increases, a real effort will be 
needed to enhance the management of hypertension.
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CONCLUSIONS
• The prevalence of hypertension in Northern Sweden is high and the majority 

with high blood pressure are also at medium or high risk of developing cardio
vascular disease.

• A majority of drug-treated hypertensives are poorly controlled and the risk of 
stroke is six times higher among poorly treated than among those with well- 
controlled blood pressure.

• Estimation of cardiovascular risk is important for selecting those to treat with 
antihypertensive drugs.

• The 1999 W HO/ISH Hypertension Guidelines risk stratification scheme is easy 
to use but is not accurate enough for the medium risk group where risk estima
tion by risk equations is recommended.

• Evidence-based treatment of hypertension is needed, even though antihyperten
sive drug treatment is complex and difficult.

• A clinical decision support system for drug treatment of hypertension was deve
loped, supporting evidence-based selection and combination of antihypertensi
ve drugs.

• Drug treatment according to recent hypertension guidelines could reduce costs 
by 40% with maintained BP lowering and treatment quality.

71



Bring h y p e r te n s i o n  g u id e l in e s  in to  p lay

72



Mats Persson

Acknowledgement
This thesis was carried out in the Department of Public Health and Clinical Medicine, 
Umeå University. I want to thank all my colleagues and the personnel in the Department 
of Family Medicine for helping and supporting me during this work.

First and foremost, my supervisor, inspiration and friend, Professor Lars Hjalmar 
Lindholm, for guidance in scientific thinking and working. Excellent in all your doings, 
and with an enthusiasm, knowledge and energy hardly seen before in the institution. 
Never worried and with a one hundred percent trust in the ability of your co-workers. 
I will never forget our work on my manuscripts during your touchdowns in Umeå.

My co-supervisor and friend Bo Carlberg, for invaluable support and help, during the 
more tedious working periods of detailed planning and analysis of data. Always a good 
answer or advice to give, often on matters far from the hypertension domain. Special 
thanks for the support and good thinking with the guideline-based CDSS concerning 
drug treatment of hypertension.

My second co-supervisor and teacher Tom Mjörndal, also a very important contributor 
to the CDSS for drug treatment of hypertension.

My dear Birgitta Stegmayr, for introducing me to and enthusiastically helping me 
with the invaluable data-base “MONICA”, which I have used in one way or the other 
in most of my papers.

All my co-authors for helpful and constructive criticism, comments and viewpoints 
on my work and ideas. Thanks especially to Professor Patrik Eklund: without you the 
CDSS on hypertension drug treatment would never had left the blueprint phase. And 
of course to Jens Bohlin, brilliant in making my ideas into efficient computer code 
and one of the brains behind the technical aspects of the EviBase concept. Leif Nilsson, 
for your work with those darned risk equations, without which paper V never would 
have been published. And thanks also to Marie Nilsson for your earlier work with the 
same darned equations. Special thanks to Lars Weinehall for support and for generosity 
in sharing scientific work, ideas and data with me.

A hug to you Cia, always ready to help and to keep things in due order, such as money 
in funds and salary.

My colleagues and co-workers, new and old, at Ersboda Health Care Centre for 
supporting me all these years, even when working conditions were bad partly due to 
my absence. And especially to Nino Brazin, for your support and for taking on an 
enormous workload and responsibility during my research.

73



Bring h y p e r t e n s i o n  g u id e l in e s  in to  p la y

My colleagues at the institution, for supporting and helping me with ideas, comments 
and valuable criticism. Thanks especially to Herbert Sandström and Roger Karlsson 
for excellent support and for believing in my decision support systems; this has kept 
me going. And thanks to my room-mate, Olov Rolands son, my friend and a very 
solid source of knowledge in scientic matters.

Carl-Gunnar Hallgren, my friend, colleague and co-computer enthusiast, for your 
tremendous knowledge of computing and programming. Without years of training, 
decision support building with Toolbook®, the EviBase concept, would simply not 
have been possible to accomplish.

My relatives, for support and interest during all these years.

My family, Elin, Emil and Oskar for their patience, and Vanja for love, patience and 
running the home.

74



Mats Persson

REFERENCES

1. Chalmers J, et al. W HO-ISH Hypertension Guidelines Committee. 1999 World 
Health Organization - International Society of Hypertension Guidelines for the 
Management of Hypertension. J Hypertens 1999;17:151-185.

2. Joint National Committee on Prevention Detection Evaluation and Treatment 
of High Blood Pressure. The Sixth Report of the Joint National Committee on 
Prevention, Detection, Evaluation, and Treatment of High Blood Pressure. Arch 
Intern Med 1997;157:2413-46.

3. Elliott P. High blood pressure in the community. In: C.J.Bulpitt, editor. Handbook 
of Hypertension, Voi 20. Epidemiology of hypertension. Amsterdam: Elsevier 
Science; 2000. p. 1-18.

4. Williams G. Hypertensive vascular disease. In: Harrisons Principles of Internal 
Medicine. 14 ed: McGraw-Hill Companies; 1998. p. 1380-94.

5. W HO. International Statistical Classification of Diseases and Related Health 
Problems. 10 ed: WHO; 1992.

6. Ramsay L, Haq I, Yeo W, Jackson P. Interpretation of prospective trials in 
hypertension: do treatment guidelines accurately reflect current evidence? J 
Hypertens 1996;14:187-194.

7. Joffres M, Hamet P, MacLean D, L’italien G, Fodor G. Distribution of blood 
pressure and hypertension in Canada and the United States. Am J Hypertens 
2001;14:1099-1105.

8. National High Blood Pressure Education Program Working Group. Report on 
primary prevention of hypertension. Arch Intern Med 1993;153:186-208.

9. Murray C, Lopez A. Mortality by cause for eight regions of the world: Global 
Burden of Disease Study. Lancet 1997;349:1269-76.

10. Ezzati M, Lopez A, Rodgers A, Vander Hoorn S, Murray C, and the Comparative 
Risk Assessment Collaborating Group. Selected major risk factors and global 
and regional burden of disease. Lancet 2002;360:1347-60.

11. The Swedish Council on Technology Assessment in Health Care (SBU). 
Moderately Elevated Blood Pressure. J Intern Med 1995;238(Suppl 737): 1-225.

12. Collins R, Peto R, MacMahon S, Herbert P, Fiebach N, Eberlein K, et al. Blood 
pressure, stroke, and coronary heart disease. Part 2, short-term reductions in 
blood pressure: overview of randomised drug trials in their epidemiological 
context. Lancet 1990;335:827-838.

13. Lloyd-Jones DM, Evans JC, Larson MG, O 'Donnei CJ, Rocella EJ, Levy D. 
Differential control of systolic and diastolic blood pressure. Factors associated with 
lack of blood pressure control in the community. Hypertension 2000;36:594-599.

75



Bring h y p e r te n s i o n  g u id e l in e s  into p lay

14. Prospective Studies Collaboration. Age-specific relevance of usual blood pressure 
to vascular mortality: a meta-analysis of individual data for one million adults in 
61 prospective studies. Lancet 2002;360:1903-13.

15. Stamler J, Stamler R, Neaton JD. Blood pressure, systolic and diastolic, and 
cardiovascular risks: US population data. Arch Intern Med 1993;153:598-615.

16. Flack JM, Neaton J, Grimm RJr, et al, for the Multiple Risk Factor Intervention 
Trial Research Group. Blood pressure and mortality among men with prior 
myocardial infarction. Circulation 1995;92:2437-45.

17. Whelton P, He J, Appel L, Cuder J, Havas S, Kotchen T, et al. Primary prevention 
of hypertension. Clinical and public health advisory from the National High 
Blood Pressure Education Program. JAMA 2002;360:1882-88.

18. Levy D, Larson MG, Vasan RS, Kannel WB, Ho KK. The progression from 
hypertension to congestive heart failure. JAMA 1996;275:1557-62.

19. Lloyd-Jones D, Larson M, Beiser A, Levy D. Lifetime risk of developing coronary 
heart disease. Lancet 1999;353:89-92.

20. Vasan RS, Beiser A, Seshadri S, et al. Residual life-time risk of developing 
hypertension in middle-aged women and men: the Framingham Heart Study. 
JAMA 2002;287:1003-1010.

21. Stamler J, Stamler R, Neaton JD, et al. Low risk-factor profile and long-term 
cardiovascular and non-cardiovascular mortality and life expectancy: findings 
for 5 large cohorts of young adult and middle-aged men and women. JAMA 
1999;282:2012-18.

22. Kiel U, Liese A, Hense H, Filipiak B, Döring D, Stieber J, et al. Classical risk 
factors and their impact on incident non-fatal and fatal myocardial infarction 
and all-cause mortality in southern Germany. Results from the MONICA 
Augsburg cohort study 1984-92. Eur Heart J 1998;19:1197-1207.

23. Grundy S, D’Agostino, Mosca L, Burke G, Wilson P, Rader D, et al. Summary 
of National Heart, Lung, and Blood Institute Workshop on Cardiovascular Risk 
Assessment. Bethesda: National Heart, Lung, and Blood Institute; 1999.

24. O 'Donnei C, Kannel WB. Cardiovascular risks of hypertension: lessons from 
observational studies. J Hypertens 1998;l6(Suppl 6):3-7.

25. Stamler J, Wentworth D, Neaton JD. Is the relationship between serum cholesterol 
and risk of premature death from coronary heart disease continuous and graded? 
Findings in 356,222 primary screenees of the Multiple Risk Factor Intervention 
Trial (MRFIT). JAMA 1986;256:2823-28.

26. Rodgers A, Lawes C, MacMahon S. Reducing the global burden of blood pressure- 
related cardiovascular disease. J Hypertens 2000;18(Suppl l):3-6.

76



Mats Persson

27. National High Blood Pressure Education Program Working Group. National 
High Blood Pressure Education Program Working Group report on primary 
prevention of hypertension. Arch Intern Med 1993;153:186-208.

28. Stamler R. Implications of the INTERSALT study. Hypertension 1991 ; 17 (Suppl 
1): 116-120.

29. Cook NR, Cohen J, Hebert PR, Taylor JO, Henekens CH. Implications of small 
reductions in diastolic blood pressure for primary prevention. Arch Intern Med 
1995;155:701-709.

30. The Expert Panel on Detection evaluation and Treatment of High Blood 
Cholesterol in Adults. Report of the National Cholesterol Education Program 
expert panel on detection, evaluation, and treatment of high blood cholesterol 
in adults. Arch Intern Med 1988;148:36-69.

31. Expert Panel on Detection Evaluation and Treatment of High Blood Cholesterol 
in Adults. National Cholesterol Education Program: second report of the Expert 
Panel on Detection, Evaluation, and Treatment of high blood cholesterol (Adult 
Treatment Panel II). Circulation 1994;89:1329-1445.

32. Bethesda Conference Report 27 th Bethesda Conference. Matching the intensity 
of risk factor management with the hazard for coronary disease events. J Am 
Coll Cardiol 1996;27:957-1047.

33. Wood D, De Backer G, Faergeman O, Graham I, Mancia G, Pyörälä K, et al. 
Prevention of coronary heart disease in clinical practice. Recommendations of 
the Second Joint Task Force of European and other societies on coronary 
prevention. Eur Heart J 1998;19:1434-1503.

34. Smith SC, Greenland P, Grundy SM. Beyond secondary prevention: identifying 
the high-risk patient for primary prevention. Executive summary. Circulation 
2000;101:111-116.

35. Stangle V, Baumann G, Stangl K. Coronary atherogenic risk factors in women. 
Eur Heart J2002;23:1738.

36. Grundy SM. Age as a risk factor: you are as old as your arteries. Am J Cardiol 
1999;83:1455-57.

37. Pearson T. New tools for coronary risk assessment. What are their advantages 
and limitations? Circulation 2002;105:886-892.

38. Chambless LE, Heiss G, Folsom AR, et al. Association of coronary heart disease 
incidence with carotid arterial wall thickness and major risk factors: the 
Atherosclerosis Risk in Communities (ARIC) Study, 1987-1993. Am J Epidemiol 
1997;146:483-494.

39. Sun Y, Lin CH, Lu CJ, Yip PK, Chen RC. Carotid atherosclerosis, intima media 
thickness and risk factors - an analysis of 1781 asymptomatic subjects in Taiwan. 
Atherosclerosis 2002;164:89-94.

77



Bring h y p e r te n s io n  g u id e l in e s  into p lay

40. O ’Leary DH, Polak JF, Dronmal RA, et al. Carotid-artery intima and media 
thickness as a risk factor for myocardial infarction and stroke in older adults: 
Cardiovascular Health Study. N Engl J Med 1999;340:14-22.

41. Del Sol A, Moons K, Hollander M, Hofman A, Koudstaal P, Grobbe D, et al. Is 
carotid intima-media thickness useful in cardiovascular disease risk assessment? 
The Rotterdam Study. Stroke 2001;32:1532-38.

42. Taylor A. Atherosclerosis imaging to detect and monitor cardiovascular risk. Am 
J Cardiol 2002;90:8L-11L.

43. Kannel WB, Wilson WF. Hypertension as a cardiovascular risk factor. In:
C.J.Bulpitt, editor. Handbook of Hypertension, Epidemiology of Hypertension. 
Amsterdam: Elsevier Science; 2000. p. 19-42.

44. Håheim L, Holme I, Hjermann I, Leren P. Risk of fatal stroke according to 
blood pressure level: an 18-year follow-up of the Oslo Study. J Hypertens 
1995;13:909-913.

45. Jousilahti P, Tuomilehto J, Vartiainen E, Korhonen H, Pitkäniemi J, Nissinen A, 
et al. Importance of risk factor clustering in coronary heart disease mortality and 
incidence in eastern Finland. J Cardiovasc Risk 1995;2:63-70.

46. Tanne D, Yaari S, Goldbourt U. Risk profile and prediction of long-term ischemic 
stroke mortality. A 21-year follow-up in the Israeli Iscaemic Heart Disease (IIHD) 
Project. Circulation 1998;98:1365-71.

47. Kannel WB. Blood pressure as a cardiovascular risk factor. Prevention and 
treatment. JAMA 1996;275:1571-76.

48. Alberti KG, Zimmet PZ. Definition, diagnosis, and classification of diabetes 
mellitus and its complications. Part I: diagnosis and classification of diabetes 
mellitus provisional report of a W HO consultation. Diabet Med 1998;15:539- 
553.

49. Menotti A, Jacobs D, Blackburn H, Kromhout D, Nissinen A, Nedeljkovic S, et 
al. Twenty-five-year prediction of stroke deaths in the Seven Countries Study. 
The role of blood pressure and its changes. Stroke 1996;27:381-387.

50. van den Hogen P, Feskens E, Nagelkerke N, Menotti A, Nissinen A, Kromhout
D. The relation between blood pressure and mortality due to coronary heart 
disease among men in different parts of the world. N Engl J Med 2000;342:1-8.

51. Klag MJ, Whelton PK, Randall BL, et al. Blood pressure and end-stage renal 
disease in men. N Engl J Med 1996;334:13-18.

52. Njolstad I, Arnesen E, Lund-Larsen P. Smoking, serum lipids, blood pressure, 
and sex differences in myocardial infarction. A 12-year follow-up of the Finnmark 
study. Circulation 1996;93:450-456.

78



Mats Persson

53. Menotti A, Farchi G, Seccareccia F, and the RIFLE Research Group. The 
prediction of coronary heart disease mortality as a function of major risk factors 
in over 30 000 men in the Italian RIFLE Pooling Project. A comparison with the 
MRFIT primary screenees. J Cardiovasc Risk 1994;1:263-270.

54. Thomsen T, McGee D, Davidsen M, Jorgensen T. A cross-validation of risk-scores 
for coronary heart disease mortality based on data from the Glostrup Population 
Studies and Framingham Heart Study. Int J Epidemiol 2002;31:817-822.

55. Anderson KM, Odell PM, Wilson P, Kannel WB, McGee D, Gordon T. 
Cardiovascular disease risk profiles. Am Heart J 1990;121:293-298.

56. Dawber T, Meadors G, Moore F. Epidemiological approaches to heart disease: 
the Framingham Study. Am J Public Health 1951;41:279-86.

57. Grundy SM, Pasternak R, Greenland P, Smith S, Fuster V. Assessment of 
cardiovascular risk by use of multiple-risk-factor assessment equations. A statement 
for healthcare professionals from the American Heart Association and the 
American College of Cardiology. Circulation 1999;100:1481-92.

58. Benfante PWF, Reed D. Is elevated serum cholesterol level a risk factor for 
coronary heart disease in the elderly? JAMA 1990;263:393-396.

59. Ahlbom A, Norell S. Introduction to modern epidemiology: Epidemiology 
Resources Inc; 1990.

60. Grover S, Lowensteyn I, Esrey K, Steinert Y, Joseph L, Abrahamowicz M. Do 
doctors accurately assess coronary risk in their patients? Preliminary results of 
the coronary health assessment study. BMJ 1995;310:975-978.

61. Thomsen T, Jorgensen T, Ibsen H, Borch-Johnsen K. Assessment of coronary 
risk in general practice in relation to the use of guidelines; A survey in Denmark. 
Preventive Medicine 2001;33:300-304.

62. Friedman P, Brett A, Mayo-Smith M. Differences in generalists’ and cardiologists’ 
perceptions of cardiovascular risk and outcomes of preventive therapy in 
cardiovascular disease. Ann Intern Med 1996;124:414-421.

63. Montgomery A, Fahey T, Mackintosh C, Sharp D, Peters T. Estimation of 
cardiovascular risk in hypertensive patients in primary care. Br J Gen Pract 
2000;50:127-128.

64. Hyman D, Pavlik V. Self-reported hypertension treatment practices among 
primary care physicians. Arch Intern Med 2000;160:2281-86.

65. Thomsen T, Davidsen M, Ibsen H, Jorgensen T, Jensen G, Borch-Johnsen K. A 
new method for CHD prediction and prevention based on regional risk scores 
and randomized clinical trials; PRECARD and the Copenhagen Risk Score. J 
Cardiovasc Risk 2001;8:291-297.

66. MRC Working Party. Medical Research Council trial of treatment of hypertension 
in older adults: principal results. BMJ 1992;304:405-412.

79



Bring h y p e r t e n s i o n  g u id e l in e s  in to  p lay

67. Lindholm LH, Ibsen H, Dahlöf B, Devereux R, Beevers G, de Faire U, et al. 
Cardiovascular morbidity and mortality in patients with diabetes in the Losartan 
Intervention For Endpoint reduction in hypertension study (LIFE): a randomised 
trial against atenolol. Lancet 2002;359:1004-10.

68. Dahlöf B, Devereux R, Kjeldsen S, Julius S, Beevers G, de Faire U, et al. 
Cardiovascular morbidity and mortality in the Losartan Intervention For 
Endpoint reduction in hypertension study (LIFE): a randomised trial against 
atenolol. Lancet 2002;359:995-1003.

69. Brown M, Palmer C, Castaigne A, Leeuw P, Mancia G, Rosenthal T, et al. 
Morbidity and mortality in patients randomised to double-blind treatment with 
a long-acting calcium-channel blocker or diuretic in the International Nifedipine 
GITS study: Intervention as a Goal in Hypertension Treatment (INSIGHT). 
Lancet 2000;356:366-372.

70. Hansson L, HednerT, Lund-Johansen P, Kjeldsen SE, Lindholm LH, Syvertsen 
JO, et al. Randomised trial of effects of calcium antagonists compared with 
diuretics and ß-blockers on cardiovascular morbidity and mortality in 
hypertension: the Nordic Diltiazem (NORDIL) study. Lancet 2000;356:359- 
365.

71. Hansson L, Zanchetti A, Carruthers G, Dahlöf B, Elmfeldt D, Julius S, et al. 
Effects of intensive blood-pressure lowering and low-dose aspirin in patients 
with hypertension: principal results of the Hypertension Optimal Treatment 
(HOT) randomised trial. Lancet 1998;356:1755-62.

72. ALLHAT Collaborative Research Group. Major outcomes in high-risk 
hypertensive patients randomized to angiotensin-coverting enzyme inhibitor or 
calcium channel blocker vs diuretic. The Antihypertensive and Lipid-Lowering 
Treatment to Prevent Heart Attack Trial (ALLHAT). JAMA 2002;288:2981-97.

73. The Heart Outcome Prevention Evaluation Study Investigators. Effects of an 
angiotensin-converting-enzyme inhibitor, ramipril, on cardiovascular events in 
high-risk patients. N Engl J Med 2000;342:145-153.

74. Heart Outcomes Prevention Evaluation (HOPE) Study Investigators. Effects of 
ramipril on cardiovascular and microvascular outcomes in people with diabetes 
mellitus: results of the HOPE study and MICRO-HOPE substudy. Lancet 
2000;355:253-259.

75. UK Prospective Diabetes Study Group. Tight blood pressure control and risk of 
macrovascular and microvascular complications in type 2 diabetes: UKPDS 38. 
BMJ 1998;317:703-713.

76. UK Prospective Diabetes Study Group. Efficacy of atenolol and captopril in 
reducing risk of macrovascular and microvascular complications in type 2 diabetes: 
UKPDS 39. BMJ 1998;317:713-720.

80



Mats Persson

77. Staessen J, Fagard R, Thijs L, Celis H, Arabidze G, Birkenhäger W, et al. 
Randomised double-blind comparison of placebo and active treatment for older 
patients with isolated systolic hypertension. Lancet 1997;350:757-764.

78. Hansson L, Lindholm LH, Niskanen L, Lanke J, Hedner T, Niklason A, et al. 
Effect of angiotensin-converting-enzyme inhibition compared with conventional 
therapy on cardiovascular morbidity and mortality in hypertension: the Captopril 
Prevention Project (CAPP) randomised trial. Lancet 1999;353:611-616.

79. Hansson L, Lindholm LH, Ekbom T, Dahlöf B, Lanke J, Scherstén B, et al. 
Randomised trial of old and new antihypertensive drugs in elderly patients: 
cardiovascular mortality and morbidity the Swedish Trial in Old Patients with 
Hypertension-2 study. Lancet 1999;354:1751-56.

80. Progress Collaborative Group. Randomised trial of a perindopril-based blood- 
pressure-lowering regimen among 6105 individuals with previous stroke or 
transient ischemic attack. Lancet 2001;358:1033-41.

81. Blood Pressure Lowering Treatment Trialists’ Collaboration. Effects of ACE 
inhibitors, calcium antagonists, and other blood-pressure-lowering drugs: results 
of prospectively designed overviews of randomised trials. Lancet 2000;355:1955- 
64.

82. He J, Whelton P. Elevated systolic blood pressure as a risk factor for cardiovascular 
disease and renal disease. J Hypertens 1999;17(Suppl 2):7-13.

83. Klüngel O, Strieker B, Breteler M, Seidell J, Psaty B, de Boer A. Is drug treatment 
of hypertension in clinical practice as effective as in randomized controlled trials 
with regard to the reduction of the incidence of stroke? Epidemiology 
2001;11:339-344.

84. Isles C, Walker L, Beevers G, Brown I, Cameron H, Clarke J, et al. Mortality in 
patients of the Glasgow Blood Pressure Clinic. J Hypertens 1986;4:141-156.

85. Lindholm LH, Ejlertsson G, Scherstén B. High risks of cerebro-cardiovascular 
morbidity in well treated male hypertensives. Acta Med Scand 1984;216:251- 
259.

86. Klüngel O, Heckbert S, Longstreth W, Furberg C, Kaplan R, Smith N, et al. 
Antihypertensive drug therapies and the risk of ischaemic stroke. Arch Intern 
Med 2001;161:37-43.

87. Gueyffier F, Boutitie F, Boissel JP, et al, for the INDANA investigators. Effects of 
antihypertensive drug treatment on cardiovascular outcomes in women and men: 
a meta-analysis of individual patient data from randomized, controlled trials. 
Ann Intern Med 1997;126:761-767.

88. Grimm RH Jr, Grandits GA, Cutler JA, et al, for the THOMS Research Group. 
Relationships of quality-of-life measures to long term lifestyle and drug treatment

81



Bring h y p e r te n s io n  g u id e l in e s  into p lay

in the Treatment of Mild Hypertension Study. Arch Intern Med 1997; 157:638- 
648.

89. Colhoun H, Dong W, Poulter N. Blood pressure screening, management and 
control in England: results from the health survey for England 1994. J Hypertens 
1998;16:747-752.

90. Primatesta P, Brookes M, Poulter N. Improved hypertension management and 
control: Results from the Health Survey for England 1998. Hypertension 
2001;38:827-832.

91. Steyn K, Gaziano T, Bradshaw D, Laubscher R, Fourie J. Hypertension in South 
African adults: results from the demographic and health survey, 1998. J Hypertens 
2001;19:1717-25.

92. Jo I, Ahn Y, Lee J, Shin K, Lee H, Shin C. Prevalence, awareness, treatment, 
control and risk factors of hypertension in Korea: the Ansan study. J Hypertens 
2001;19:1523-32.

93. Tao S, Wu X, Duan X, Fang W, Hao J, Fan D, et al. Hypertension prevalence 
and status of awareness, treatment and control in China. Chinese Medical Journal 
1995;7:483-489.

94. Gu D, Reynolds K, Wu X, Chen J, Duan X, Muntner P, et al. Prevalence, 
awareness, treatment, and control of hypertension in China. Hypertension 
2002;40:920-927.

95. Psaty B, Manolio T, Smith N, Heckbert S, Gottdiener J, Burke G, et al. Time 
trends in high blood pressure control and the use of antihypertensive medications 
in older adults: the Cardiovascular H ealth Study. Arch Intern Med 
2002;162:2325-32.

96. Kastarinen M, Salomaa V, Vartiainen E, Jousilahti P, Tuomilehto J, Puska P, et al. 
Trends in blood pressure levels and control of hypertension in Finland from 
1982 to 1997. J Hypertens 1998;16:1379-87.

97. Marques-Vidal P, Ruidavets JB, Cambou JP, Ferrières J. Trends in hypertension 
prevalence and management in southwestern France, 1985-96. J Clin Epidemiol 
2000;53:1230-35.

98. Rocella E, Burt V, Horan M, Cutler J. Changes in hypertension awareness, 
treatment, and control rates 20-year trend data. Ann Epidemiol 1993;3:547- 
549.

99. Hyman D, Pavlik V. Characteristics of patients with uncontrolled hypertension 
in the united states. N Engl Med J 2001;345:479-486.

100. Prencipe M, Casini AR, Santini M, Ferretti C, Scaldaferri N, Culasso F. Prevalence, 
awareness, treatment and control of hypertension in the elderly: results from a 
population survey. J Hum Hypertens 2000;14:825-830.

82



Mats Persson

101. Joffres M, Ghadirian P, Fodor G, Petrasovits A, Chockalingam A, Hamet P. 
Awareness, treatment, and control of hypertension in Canada. Am J Hypertens 
1997;10:1097-1102.

102. van Rossum C, van den Mheen H, Witteman J, Hofman A, Mackenbach J, 
Grobbee D. Prevalence, treatm ent, and control of hypertension by 
sociodemographic factors among the dutch elderly. Hypertension 2000;35:814- 
821.

103. Hypertension Study Group. Prevalence, awareness, treatment and control of 
hypertension among the elderly in Bangladesh and India: a multicentre study. 
Bull World Health Organ 2001;79:490-500.

104. Puras A, Sanchis C, Artigao L, Divison J. Prevalence, awareness, treatment, and 
control of hypertension in a Spanish population. Eur J Epidemiol 1998;14:31-36.

105. Mancia G, Sega R, Milesi C, Cesana G, Zanchetti A. Blood-pressure control in 
the hypertensive population. Lancet 1997;349:454-457.

106. Gnasso A, Calindro MC, Carallo C, De Novara G, Ferraro M, Gorgone G, et al. 
Awareness, treatment and control of hyperlipidemia, hypertension and diabetes 
mellitus in selected population of southern Italy. Eur J Epidemiol 1997; 13:421- 
428.

107. Banegas J, Rodriguez-Artalejo, de la Cruz Troca J, Guallar-Castillón, del Rey 
Calerò J. Blood pressure in Spain. Distribution, awareness, control, and benefits 
of a reduction in average pressure. Hypertension 1998;32:998-1002.

108. Wolf H, Andreou P, Bata I, Comeau D, Gregor R, Kephart G, et al. Trends in 
the prevalence and treatment of hypertension in Halifax county from 1985 to
1995. CMAJ 1999;161:699-704.

109. Collado-Mesa F, Colhount H, Stevens L, Boavida J, Ferriss J, Karamanos B, et 
al. Prevalence and management of hypertension in Type 1 diabetes mellitus in 
Europe: the EURODIAB IDDM Complications Study. Diabetic Medicine 
1999;16:41-48.

110. Roccella E. A call to action for more aggressive treatment of hypertension. J 
Hypertens 1999;17(Suppl l):3-7.

111. Sackett D, Rosenberg W, Gray M, Haynes B, Richardson S. Evidence based 
medicine: what it is and what it isn’t. BMJ 1996;312:71-72.

112. Geyman J. Evidence-based Medicine in primary care: an overview. J Am Board 
FamPract 1998;11:46-56.

113. Sackett DL. Evidence-based medicine: how to practice and teach EBM. New 
York: Churchill Livingstone; 1997.

114. Slawson DC, Shaughnessy AF, Bennett JH. Becoming a medical information master: 
feeling good about not knowing everything. J Fam Pract 1994;38:505-513.

83



Bring h y p e r te n s io n  g u id e l in e s  in to p lay

115. Wigertz O. Clinical decision support - how, when and for whom. Comput 
Methods Programs Biomed 1995;48:15-20.

116. Classen D. Clinical decision support systems to improve clinical practice and 
quality of care. JAMA 1998;280:1360-61.

117. Petterson G, Rydmark M. Medicinsk informatik. Falköping: Almqvist et Wiksell;
1996.

118. Lenfant C, Roccella EJ. A call to action for more aggressive treatment of 
hypertension. J Hypertens 1999;17(Suppl l):3-7.

119. Editorial. Electronic prescribing and monitoring are needed to improve drug 
use. Arch Intern Med 2000;160:2713-14.

120. Chueh H, Barnett G. Just in time clinical information. Acad Med 1997;72:512- 
517.

121. Hetlevik I, Holmen J, Kruger O, Kristensen P, Iversen H. Implementing clinical 
guidelines in the treatment of hypertension in general practice. Blood Pressure 
1998;7:270-276.

122. RidderikhoffJ, van Herk. Who is afraid of the system? Doctors’ attitude towards 
diagnostic systems. Int J Med Inform 1999;53:91-100.

123. Brown S, Coney R. Changes in physicians’ computer anxiety and attitudes related 
to clinical information system use. J Am Med Informatics Assoc 1994;1:381-394.

124. Hunt DL, Haynes RB, Hanna SE, Smith K. Effects of computer-based clinical 
decision support systems on physician performance and patient outcomes: a 
systematic review. JAMA 1998;280:1339-46.

125. Montgomery A, Fahey T. A systematic review of the use of computers in the 
management of hypertension. J Epidemiol Commun Health 1998;52:520-525.

126. Eccles M, McColl E, Steen N, Rousseau N, Grimshaw J, Parkin D, et al. Effect 
of computerised evidence based guidelines on management of asthma and angina 
in adults in primary care: cluster randomised controlled trial. BMJ 2002;325:94l- 
947.

127. Dalen E, WideroeT, Hedevik I, Dahl K. Blood pressure records in general practice 
- expectations a reality. Tidsskr Nor Laegeforen 2001;121:158-161 (in 
Norwegian).

128. Lomas J. Words without action? The production, dissemination, and impact of 
consensus recommendations. Annu Rev Pubi Health 1991;12:41-65.

129. Knight E, Glynn R, Levin R, Ganz D, Avorn J. Failure of evidence-based medicine 
in the treatment of hypertension in older patients. J Gen Intern 2000; 15:702-709.

130. Hetlevik I, Holmen J, Krüger 0 ,  Hole A. Fifteen years with clinical guidelines in 
the treatment of hypertension - still discrepancies between intentions and practice. 
Scand J Prim Health Care 1997;15:134-140.

84



Mats Persson

131. Feldman R, Campell N, Larochelle P. Clinical problem solving based on the 
1999 Canadian recommendations for the management of hypertension. JAMC 
1999;161:18-22.

132. Tsuyuki RT, Ackman ML, Montague TJ. Effects of the 1994 Canadian 
Cardiovascular Society clinical practice guidelines for congestive heart failure. 
Can J Cardiol 2002;18:147-152.

133. Hubbs R, Rindfleisch T, Godin P, Melmon K. Medical information on the 
Internet. JAMA 1998;280:1361-62.

134. Siegel D, Lopez J. Trends in antihypertensive drug use in the United States. 
JAMA 1997;278:1745-48.

135. Teich J, Merchia P, Schiz J, Kuperman G, Spurr C, Bates D. Effects of 
computerized physician order entry on prescribing practice. Arch Intern Med
2000;160:2741-47.

136. Carpenter CA, Johnson NE, Rosenfeld JF. The impact of clinical guidelines on 
practice patterns: doing more versus doing less. Am J Med Qual 1998;13:98-103.

137. Langley C, Faulkner A, Watkins C, Gray S, Harvey I. Use of guidelines in primary 
care - practitioners’ perspectives. Fam Pract 1998;15:105-111.

138. Dalhuijsen G, Thomas S, Veld C, Rutten G, Mokkink H. Attributes of clinical 
guidelines that influence use of guidelines in general practice: observational study. 
BMJ 1998;317:858-861.

139. Ellrodt AG, Conner L, Riedinger MS, Weingarten S. Implementing practice 
guidelines through a utilization management strategy: the potential and the 
challenges. QRB Qual Rev Bull 1992;18:456-460.

140. Weed 1. New connections between medical knowledge and patient care. BMJ 
1997;315:231-235.

141. Ely J, OsheroffJ, Ebell M, Chambliss M, Vinson D, Stevermer J, et al. Obstacles 
to answering doctor’s questions about patient care with evidence: qualitative 
study. BMJ 2002;324:710-713.

142. Ramsay LE, Williams B, Johnston G, MacGregor G, Poston L, Potter J, et al. 
Guidelines for management of hypertension: report of the third working party 
of the British Hypertension Society. J Hum Hypertens 1999;13:569-592.

143. McAlister F, Zarnke K, Campell N, Feldman R, Levine M, Mahon J, et al. The 
2001 Canadian recommendations for the management of hypertension: Part 
two - Therapy. Can J Cardiol 2002;18:625-641.

144. Zarnke K, McAlister F, Campell N, Levine M, Schiffrin E, Grover S, et al. The 
2001 Canadian recommendations for the management of hypertension: Part 
one - Assessment for diagnosis, cardiovascular risk, causes and lifestyle 
modification. Can J Cardiol 2002;18:604-624.

85



Bring h y p e r t e n s i o n  g u id e l in e s  in to  p lay

145. MacMahon S, Peto R, Cutler J, Collins R, Sorlie P, Neaton J, et al. Blood pressure, 
stroke, and coronary heart disease. Part 1, prolonged differences in blood pressure: 
prospective observational studies corrected for the regression dilution bias. Lancet 
1990;335:765-774.

146. Hjemdahl P, Wiklund I. Quality of life on antihypertensive drug therapy: scientific 
end-point or marketing exercise? J Hypertens 1992;l4(Suppl 5): 187-194.

147. Remes J, Miettinen H, Reunanen A, Pyörälä K. Validity of clinical diagnosis of 
heart failure in primary health care. Eur Heart J 1991;12:315-321.

148. Lindholm LH, Hansson L, Dahlöf B, EkbomT, HednerT, de Faire U, et al. The 
Swedish Trial in Old Patients with Hypertension-2: A Progress Report. Blood 
Pressure 1996;5:300-304.

149. W HO MONICA Project Principal Investigators. The World Health Organisation 
MONICA Project (monitoring trends and determinants in cardiovascular disease): 
a major international collaboration. C Clin Epidemiol 1988;41:105-114.

150. Kuulasmaa K, Tunstall-Pedoe H, Dobson A, Fortmann S, Sans S, Tolonen H, et 
al. Estimation of contribution of changes in classic risk factors to trends in 
coronary-event rates across the W HO MONICA Project populations. Lancet 
2000;355:675-87.

151. Stegmayr B, Asplund K, Kuulasmaa K, Rajakangas A-M, Thorvaldsen P, 
Tuomilehto J. Stroke incidence and mortality correlated to stroke risk factors in 
the W HO MONICA project. An ecological study of 18 populations. Stroke 
1997;28:1367-74.

152. W HO. W HO MONICA Manual. Monitoring of trends and determinants in 
cardiovascular disease. Geneva: Cardiovascular Disease Unit, World Health 
Organisation; 1990.

153. Rose GA. The diagnosis of ischaemic heart pain and intermittent claudication in 
field surveys. Bull World Health Organ 1962;27:645-658.

154. Hypertension Detection and Follow-up Program Co-operative Group. Variability 
of blood pressure and the results of screening in the Hypertension Detection and 
Follow-up Program. J Chronic Dis 1978;31:651-667.

155. Fitzgerald DJ, O’Malley K, O ’Brien ET. Inaccuracy of London School of Hygiene 
sphygmomanometer. BMJ 1982;284:18-19.

156. Gaudemaris RD, Folsom AR, Prineas RJ, Luepker RV. The random-zero versus 
the standard mercury sphygmomanometer: a systematic blood pressure difference. 
Am J Epidemiol 1985;121:282-290.

157. Weinehall L, Westman G, Hellsten G, Boman K, Hallmans G, Pearson TA, et 
al. Shifting the distribution of risk: Results of a community intervention in a 
Swedish programme for the prevention of Cardiovascular disease. J Epidemiol 
Commun Health 1999;53:243-250.

86



Mats Persson

158. Weinehall L, Hallgren C-G, Westman G, Janlert U, Wall S. Reduction of selection 
bias in primary prevention of cardiovascular disease through involvement of 
primary health care. Scand J Prim Health Care 1998;16:171-176.

159. Kalbfleisch JD, Prentice R. The Statistical Analysis of Failure Time Data. New 
York: Wiley; 1980.

160. Johannesson M, Jönsson B. Economic evaluation in health care: is there a role 
for cost-benefit analysis? Health Policy 1991;17:1-23.

161. Nilsson P, Kandell-Collen A, Lindholm LH, Schem en B. The care of 
hypertensives in Dalby: organization and health economic aspects. J Hum 
Hypertens 1993;7:551-554.

162. Zanchetti A, Hansson L, Dahlöf B, Elmfeldt D, Kjeldsen S, Kolloch R, et al. 
Effects of individual risk factors on the incidence of cardiovascular events in the 
treated hypertensive patients of the Hypertension Optimal Treatment Study. 
HOT Study Group. J Hypertens 2001;19:1149-59.

163. Hansson L for the BBB study group. The BBB Study: The effect of intensified 
antihypertensive treatment on the level of blood pressure, side-effects, morbidity 
and mortality in “well-treated” hypertensive patients. Blood Pressure 1994;3:248- 
254.

164. Shep Cooperative Research Group. Prevention of stroke by antihypertensive drug 
treatment in older persons with isolated Systolic Hypertension: final results of 
the Systolic Hypertension in the Elderly Program (SHEP). JAMA 1991;265:3255-
64.

165. Lui L, Wang JG, Gong L, Liu G, Staessen JA, for the Systolic Hypertension in 
China (Syst-China) Collaborative Group. Comparison of active treatment and 
placebo for older patients with isolated systolic hypertension. J Hypertens 
1998;16:1823-29.

166. Wang JG, Staessen J, Gong L, Liu L, for the Systolic Hypertension in China 
(Syst-China) Collaborative Group. Chinese trial on isolated systolic hypertension 
in the elderly. Arch Intern Med 2000; 160:211-220.

167. Monane M, Glynn RJ, Gurwitz JH, Bohn RL, Levin R, Avorn J. Trends in 
medication choices for hypertension in the elderly. The decline of thiazides. 
Hypertension 1995;25:1045-51.

168. Onder G, Gambassi G, Landi F, Pedone C, Cesari M, Carbonin PU, et al. Trends 
in antihypertensive drugs in elderly: the decline of thiazides. J Hum Hypertens 
2001;15:287-289.

169. Burt V, Whelton P, Roccella E, Brown C, Cutler J, Higgins M, et al. Prevalence 
of hypertension in the US adult population. Results from the Third National 
Health and N utrition Examination Survey, 1988-1991. Hypertension 
1995;25:305-313.

87



Bring h y p e r t e n s i o n  g u id e l in e s  in to  p lay

170. Kannel WB. Cardioprotection and antihypertensive therapy: the key importance 
of addressing the associated coronary risk factors (The Framingham experience). 
Am J Cardiol 1996;77:6-11.

171. King KB. Psychologic and social aspects of cardiovascular disease. Ann Behav 
Med 1997;19:264-270.

172. Eaker ED. Psychosocial risk factors for coronary heart disease in women. Cardiol 
Clin 1998;16:103-111.

173. Christensen AJ, Smith TW. Cynical hostility and cardiovascular reactivity during 
self-disclosure. Psychosom Med 1993;55:193-202.

174. Ogden L, He J, Lydick E, Whelton P. Long-term absolute benefit of lowering 
blood pressure in hypertensive patients according to the JNC VI risk stratification. 
Hypertension 2000;35:539-543.

175. New Zealand Guidelines Group. The management of mildly raised blood pressure 
in New Zealand. In: New Zealand Guidelines Group; 1998.

176. Cuspidi C, Lonati L, Macca G, Samperi L, Fusi V, Severgnini B, et al. 
Cardiovascular risk stratification in hypertensive patients: Impact of 
echocardiography and carotid ultrasonography. J Hypertens 2001;19:375-380.

177. Schillaci G, de Simone G, Reboldi G, Porcellati C, Devereux R, Verdecchia P. 
Change in cardiovascular risk profile by echocardiography in low- or medium- 
risk hypertension. J Hypertens 2002;20:1519-25.

178. Leoncini G, Sacchi G, Viazzi F, Ravera M, Parodi D, Ratto E, et al. 
Microalbuminuria identifies overall cardiovascular risk in essential hypertension: 
an artificial neural network-based approach. J Hypertens 2002;20:1315-21.

179. Ulrich S, Hingorani A, Martin J, Vallance P. What is the optimal age for starting 
lipid lowering treatment? A mathematical model. BMJ 2000;320:1134-40.

180. Pontremoli R, Cheli V, Sofia A, Tirotta A, Ravera M, Nicolella C, et al. Prevalence 
of micro- and macroalbuminuria and their relationship with other cardiovascular 
risk factors in essential hypertension. Nephrol Dial Transplant 1995;10(Suppl 
6):6-9.

181. Teo K. Risk and management of hypertension-related left ventricular hypertrophy. 
Drugs 1995;50:959-970.

182. Schillaci G, Verdecchia P, Borgioni C, Ciucci A, Guerrieri M, Zampi I, et al. 
Improved electrocardiographic diagnosis of left ventricular hypertrophy. Am J 
Cardiol 1994;74:714-719.

183. Dahlöf B, Devereux R, de Faire U, Fyhrquist F, Hedner T, et al. The Losartan 
Intervention For Endpoint Reduction (LIFE) in Hypertension Study. Rationale, 
design, and methods. Am J Hypertens 1997;10:705-713.

88



UMEÅ UNIVERSITY MEDICAL DISSERTATIONS 
New Series No 837 

ISSN 0346-6612 ISBN 91-7305-440-2

&

U m eå  University  
SE-901 87 U m eå  SWEDEN 

w w w .u m u .se


