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4.  Introduction 

4.1 Hypertension 

4.1.1 Epidemiology and classification 

Hypertension as in “high tension” and “high blood pressure” is a disease affecting billions of 

people worldwide. Essential hypertension can be defined as a rise in blood pressure of 

unknown cause that increases the risk for cerebral, cardiac, and renal events1. In a recent 

review the lifetime risk of becoming hypertensive in industrialised countries was estimated to 

exceed 90%1. Historically more emphasis was placed on diastolic than on systolic blood 

pressure as a predictor of cardiovascular morbidity and mortality2, and systolic blood pressure 

limits was not included in early guidelines and hypertension trials. In recent years more 

emphasis has been on the observation that in especially elderly people the risk of morbidity 

and mortality is directly proportional to the systolic blood pressure and the pulse pressure 

(systolic blood pressure minus diastolic blood pressure)3. In a large meta-analysis of 

observational data from 61 studies in almost 1 million subjects without cardiovascular disease, 

both systolic and diastolic blood pressures were independently and similar predictive of 

vascular (and overall) mortality, without any evidence of a threshold down to at least 115/75 

mmHg4, and therefore risk assessment in current guidelines are based on both systolic and 

diastolic measurements3, 5-7.

According to the new European Guidelines from the European Society of 

Hypertension (ESH) and the European Society of Cardiology (ESC), hypertension is graded 

from 1-3 of values above 140/90 mmHg (Table 1)3. However, the real threshold for 

hypertension and treatment must be considered flexible, being higher or lower based on the 

total cardiovascular risk of each individual patient3.
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Table 1. Definitions and classification of blood pressure levels (mmHg) according to 

ESH/ESC 2007 guidelines3.

Category Systolic Blood Pressure  Diastolic Blood Pressure
Optimal <120 and <80 
Normal 120-129 and/or 80-84 
High normal 130-139 and/or 85-89 
Grade 1 hypertension 140-159 and/or 90-99 
Grade 2 hypertension 160-179 and/or 100-109 
Grade 3 hypertension 180 and/or 110 
Isolated systolic hypertension 140 and <90 
* When a patient’s systolic and diastolic blood pressures fall into different categories the higher category 
should be applied 

4.1.2 Pathophysiology

Hypertension is a disorder of mismatch between intravascular volume and vasoconstriction 

resulting in excessive wall stress that damages the blood vessels and organs. The pathogenesis 

of essential hypertension is incompletely understood, and involves complex interactions 

between genetic, environmental and demographic factors8. Major pathophysiological 

mechanisms include increased sympathetic nervous system (SNS) and renin-angiotensin-

aldosterone system (RAAS) activity9, but a variety of other neural, hormonal, vascular and 

metabolic factors are also involved. 

 The SNS and renin-angiotensin system (RAS) have both mutually reinforcing actions 

that combine to regulate blood pressure. Sympathetic drive increases renin secretion from the 

juxtaglomerular cells of the kidney, thereby exerting amplified effects on the RAS, and 

angiotensin II increases noradrenaline release from sympathetic nerve terminals and 

potentates the vasoconstrictor responses to noradrenaline9. Blood pressure is regulated in the 

long-term by adjusting blood volume through urinary sodium and water excretion by the 

kidneys10 and short-term regulation is exerted through hormones, mechanical factors and 

neural reflexes11. The arterial baroreceptors are mechanosensitive nerve endings sited in the 

carotid sinuses and the aortic arch and provide an important and powerful feedback 

mechanism of blood pressure regulation12. Although the pathophysiology may be complex, 

the result is an increase in blood pressure known to make organ damage and increase 

morbidity and mortality.  

4.1.3 Complications 

Hypertension has been called the “silent killer”13 as many do not experience any symptoms of 

the high blood pressure itself. However, the World Health Organization (WHO) has reported 
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high blood pressure as a leading cause of death worldwide14. Stroke has been labelled as the 

most important “hypertension related complication”2, 3 , but also coronary events, heart failure, 

peripheral artery disease and end stage renal disease are known as important hypertension 

related diseases. As patients with hypertension often exhibit additional cardiovascular risk 

factors like dyslipidaemia, glucose metabolism abnormalities, obesity or left ventricular 

hypertrophy15, the assessment of total cardiovascular risk is important when evaluating and 

treating these patients3.

4.1.4 Treatment 

Non-pharmacological treatment regimens like low salt diet, weight loss, exercise, and alcohol 

restriction have been shown in meta-analyses to lower blood pressure16-19. However, 

antihypertensive drugs often have to be used to reach the blood pressure target of below 

140/90 mmHg (or lower if high-risk patients).  Five major classes of antihypertensive agents 

are recommended according to recent guidelines, either in monotherapy or in suitable 

combinations; thiazide diuretics, calcium channel blockers (CCBs), angiotensin-converting 

enzyme inhibitors (ACEIs), angiotensin II-receptor blockers (ARBs) and beta-blockers3. Most 

patients require multiple drugs to achieve blood pressure targets, but unfortunately many 

patients still remain untreated or under-treated. 

4.2 Diabetes mellitus 

4.2.1 Epidemiology and classification 

The global number of individuals with diabetes mellitus in 2000 was estimated to be 171 

million (2.8% of the world’s population), but many patients are undiagnosed and the 

prevalence is increasing exponentially primarily because of increase in sedentary lifestyle and 

obesity20. The estimated lifetime risk of diabetes mellitus is 30-40%21, and as in most other 

countries in the world the prevalence of diabetes mellitus in Norway is also increasing22.

Diabetes mellitus is a metabolic disorder of multiple aetiology characterised by 

chronic hyperglycaemia with disturbances of carbohydrate, fat, and protein metabolism 

resulting from defects of insulin secretion, insulin action, or a combination of both23. It 

consists in two distinct forms; Type 1 which usually occurs in younger subjects and type 2 

which is far more common and comprising over 90% of adults with diabetes mellitus23.

There are different diagnostic criteria and different ways to classify dysglycaemia and 

diabetes mellitus, but the WHO 1999 criteria, as shown in Table 2, is often used24.

Progression from normal glucose tolerance to diabetes mellitus involves intermediate stages. 
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Impaired fasting glucose (IGF) and impaired glucose tolerance (IGT) are both known risk 

factors for later diabetes mellitus development25, but IGT is probably a stronger marker of 

future cardiovascular disease25-27.

Table 2. Criteria used for glucometabolic classification according to WHO 199923, 24

Glucometabolic category Classification criteria* 
Normal glucose regulation Fasting plasma glucose <6.1 mmol/L + 2-hour post-

load plasma glucose < 7.8 mmol/L†

Impaired fasting glucose (IFG) Fasting plasma glucose 6.1 mmol/L and <7.0 mmol/L 
+ 2-hour post-load plasma glucose <7.8 mmol/L†

Impaired glucose tolerance (IGT) Fasting plasma glucose < 7.0 mmol/L + 2-hour post-
load plasma glucose 7.8 mmol/L and <11.1 mmol/L†

Impaired glucose homeostasis Impaired fasting glucose or impaired glucose tolerance 
Diabetes mellitus Fasting plasma glucose 7.0 mmol/L or 2-hour post-

load plasma glucose 11.1 mmol/L†

* 1 mmol/L glucose= 18 mg/dL glucose 
† Standardised oral glucose tolerance test (OGTT); Performed in the morning, after an overnight fast         
(8-14 h); one blood sample should be taken before and one 120 min after intake of 75 g glucose dissolved in 
250-300 mL water in the course of 5 minutes 

4.2.2 Pathophysiology 

Hyperglycaemia results from insulin supply insufficient to meet the body's needs, and in 

diabetes mellitus the hyperglycaemia exceeds the threshold where the risk of diabetic 

retinopathy is currently thought to begin (Table 2)24. In type 1 diabetes mellitus there is a lack 

of pancreatic insulin production due to -cell destruction and an absolute insulin deficiency23.

While in type 2 diabetes mellitus there is a chronic and often progressive peripheral insulin 

resistance and an insufficient insulin supply due to increased demands and a relative insulin 

deficiency. These processes antedate the clinical diagnosis of diabetes mellitus, they cause the 

disease, and they continue to worsen after the diagnosis is made. The rising blood glucose in 

type 2 diabetes mellitus results from a combination of genetic predisposition, unhealthy diet 

of energy dense food, physical inactivity, and increasing weight with a central distribution 

resulting in complex pathophysiological processes23. In the following I will focus on type 2 

diabetes mellitus. 

4.2.3 Risk factors 

To qualify as a risk factor for diabetes mellitus, the association between the risk factor and the 

disease must be independent of known confounders and the evidence must suggest that 

interventions to reduce the risk factor (not always possible) will lead to a reduction in risk of 

diabetes mellitus25. Early detection and treatment of risk factors may decrease the chance of 
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developing diabetes mellitus and diabetes complications. The entity of risk factors named the 

metabolic syndrome, as discussed below, are known to increase the risk of developing type 2 

diabetes mellitus28.

Possibly, the most important risk factor for diabetes mellitus development may be 

genetics. A first-degree relative with diabetes mellitus is important when assessing a patient’s 

risk of developing diabetes mellitus. There are also high-risk populations and known 

differences in diabetic risk between races e.g. African Americans are known to have an 

elevated risk of diabetes mellitus compared with Caucasians29, 30. The risk for diabetes 

mellitus also increases with age31.

When looking at more modifiable risk factors, dysglycaemia and increased blood 

glucose are as expected important risk factors for diabetes development32. IFG as defined 

above is a known risk factor for diabetes mellitus33, but there is probably a continuum of 

increased risk from even lower levels of ”normal” fasting glucose. The results from the 

MELANY study showed that increased fasting glucose level from even within the normal 

range (<5.55 mmol/L) constitutes an independent risk factor for later type 2 diabetes mellitus 

development34. These results may suggest that there is a relative overproduction of hepatic 

glucose already existent in patients at risk of diabetes and in a retrospective analysis there has 

been shown that there is an elevated risk of cardiovascular disease (myocardial infarction and 

stroke) more than 15 years before the clinical diagnosis of diabetes mellitus35. Unhealthy diet, 

smoking, physical inactivity and obesity are other important modifiable risk factors for 

diabetes36. Some data have shown that waist circumference, as a measurement of obesity, 

predicts diabetes mellitus marginally better than body mass index (BMI)37-39, however other 

studies have shown equivalent predictive value38. Low socioeconomic status is also shown to 

be an important risk factor for diabetes mellitus31.

 Hypertension and diabetes mellitus often cluster together, and other cardiovascular 

diseases like peripheral vascular disease also increase the risk of diabetes development31, 40.

Blood pressure and blood pressure progression were strong and independent predictors of 

type 2 diabetes mellitus in The Women’s Health Study41. The multivariable adjusted hazard 

ratio (HR) was 2.03 (1.77-2.32) in patients with hypertension compared to patients with 

normal blood pressure (120-129/75-84 mmHg) after adjusting for BMI and other components 

of the metabolic syndrome41. This is in line with the results from the ARIC study showing a 

relative risk of developing diabetes mellitus of 2.34 (2.16-2.73) in hypertensives42.

 Different treatment regimens (e.g. diuretics, beta-blockers, and steroids) and other 

biochemical markers (e.g. dyslipidaemia, ALAT (alanine aminotransferase), and CRP (C 
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reactive protein)) have been linked with diabetes development, but the association may not be 

so general and independent.  

4.2.4 Complications 

Diabetes mellitus is associated with development of specific long-term organ damages 

including retinopathy, nephropathy and autonomic dysfunction23. These microvascular 

damages are related to the hyperglycaemia and the threshold for the diabetes diagnosis24.

Patients with diabetes mellitus are also at a particularly high risk for cardiovascular, 

cerebrovascular, and peripheral artery disease23, and these macrovascular diseases are with 

lesser degree associated with hyperglycaemia and the increased risk starts below the level of 

blood glucose used to define diabetes mellitus and before the actual diabetes mellitus 

diagnosis25, 43. More than 20% of patients admitted for suspected myocardial infarction have 

type 2 diabetes mellitus44. And a difference in morbidity and mortality between patients with 

and without diabetes mellitus has remained despite improved therapeutic modalities that have 

resulted in a decline in the overall morbidity and mortality following acute coronary artery 

disease45. Possible mechanisms may be diffuse coronary atherosclerosis, diabetic 

cardiomyopathy, autonomic neuropathy, increased heart rate, increased thrombus formation, 

or an impaired fibrinolytic function in diabetics44. In long-term follow-up studies it has been 

shown that patients with diabetes mellitus without any prior myocardial infarction have 

similar risk for fatal coronary heart disease as non-diabetic patients with prior myocardial 

infarction46-48. The majority of deaths in patients with diabetes mellitus result from 

accelerated cardiovascular and cerebrovascular atherosclerosis25, and cardiovascular mortality 

is increased 1.5-4.5-fold, and all-cause mortality is increased 1.5-2.7-fold in diabetics25. The 

combination of diabetes mellitus and hypertension may have especially ominous 

consequences and increases the risk of coronary heart disease independently and 

dramatically49, 50.

4.2.5 Treatment 

Type 2 diabetes is a progressive disease and prevention or treatment requires modification of 

the underlying condition and reduction of the hyperglycaemia. Lifestyle intervention is 

important and has shown to reduce the risk of developing diabetes in patients with IGT with 

almost 60%51, 52, and lifestyle intervention with diet and physical activity should be 

emphasised in all patients. Oral anti-diabetic drugs (e.g. acarbose, metformin, sulfonylurea, 

thiazolidinediones) may reduce hyperglycaemia due to reduced glucose absorption, increased 
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insulin sensitivity and increased insulin secretion. Many patients with type 2 diabetes mellitus 

may also need insulin treatment to get their diabetes under control. Aggressive management 

of other cardiovascular risk factors including hypertension and dyslipidaemia are also 

important and tight blood pressure control has shown to substantially decrease the risk of 

diabetes-related deaths and the progression of microvascular and macrovascular 

complications53, 54. Some antihypertensive treatment regimens has also shown potential to 

reduce or postpone diabetes development55, 56.

4.3 Insulin resistance 

In healthy subjects insulin action and secretion are coordinated to regulate the blood glucose 

level into normoglycaemia. The response to elevated plasma glucose is insulin secretion that 

stimulates glucose uptake and glycogen synthesis and inhibits glycogenolysis and 

gluconeogenesis in insulin responsive tissues (i.e. liver, fat and skeletal muscle). Skeletal 

muscle is the largest tissue by mass regulated by insulin and is responsible for more than 80% 

of insulin stimulated glucose disposal57. The glucose uptake in peripheral tissue is a complex 

mechanism. The activation of the glucose-transport system is highly regulated starting with 

insulin stimulation and via series of intracellular proteins resulting in translocation of the 

glucose transporter GLUT-4 to the sarcolemma membrane where glucose transport takes 

place via a facilitative diffusion process58. Glucose transport into muscle can also be 

stimulated by insulin-independent mechanisms activated by contraction and hypoxia, but less 

is known about these mechanisms58.

The term insulin resistance refers to reduced capacity of insulin to stimulate glucose 

uptake and utilisation, and is a primary defect leading to the development of pre-diabetes and 

overt type 2 diabetes mellitus58. In insulin resistance, intracellular defects in the insulin 

signalling sequence result in reduced GLUT-4 translocation and glucose uptake. Skeletal 

muscle accounts for a large part of insulin-stimulated glucose disposal and is the major site of 

peripheral insulin resistance. The aetiology of skeletal muscle insulin resistance is 

multifactorial, but accumulating evidence shows that over-activity of RAS is one important 

contributor58. Other mechanism like oxidative stress, SNS activity, and excessive visceral 

adipose tissue lipolysis or reduced adiponectin levels may also contribute59. A compensatory 

hyperinsulinaemia is thought to permit normal glucose tolerance as long as pancreatic -cell 

function is sufficient. 

A number of methods have been developed for the quantitative measurement of 

insulin sensitivity. The hyperinsulinaemic glucose clamp technique is considered to be the 
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most accurate or the “gold standard”60, but other methods like insulin infusion sensitivity test 

and different model assessments also exist61, 62.

Insulin resistance is associated with dyslipidaemia, hypertension, hypercoagulability 

and atherosclerosis. The link between insulin resistance and hypertension is not known for 

sure63, 64, as only about 50% of hypertensive subjects are insulin-resistant64.  Post-insulin-

receptor defects, altered skeletal muscle fibres and decreased skeletal muscle blood flow with 

reduced delivery of insulin and glucose may cause insulin resistance in hypertensives63.

Insulin resistance in hypertension appears to be strongly dependent of abdominal and overall 

obesity65, but not entirely66. According to the hypothesis of Landsberg67, insulin resistance in 

the obese is a mechanism evolved to limit further weight gain, and the price to pay is the 

hyperinsulinaemia and sympathetic activation which increase blood pressure through 

vasoconstriction, kidney sodium reabsorption and increased cardiac output. According to the 

hypothesis of Julius68, enhanced sympathetic activity is the primary factor to be associated 

with both hypertension, insulin resistance and possibly obesity. Sympathetic influences may 

reduce insulin sensitivity via haemodynamic effects due to vasoconstriction and increased 

diffusion target-distance or by direct cellular effects59. Insulin resistance can reciprocate 

sympathetic stimulation and sympathetic stimulation can cause insulin resistance, and a 

vicious cycle may evolve in which the components reinforce each other68 and a classic 

“chicken and egg” question is raised59.

4.4 The metabolic syndrome 

In 1988 Reaven described a syndrome designed “syndrome X” based on the clustering of the 

following abnormalities: resistance to insulin-stimulated glucose uptake, hyperinsulinaemia, 

hyperglycaemia, increased triglycerides, decreased high-density lipoprotein (HDL) 

cholesterol and high blood pressure69. The clustering had been known for decades70, but he 

proposed insulin resistance as the common feature and the aetiology of the syndrome. 

However, growing evidence suggests that several of the factors are primarily caused by 

obesity (especially intra-abdominal adiposity or visceral obesity) and the terms “metabolic 

syndrome” or “cardiometabolic syndrome” are now more commonly used71. Others again 

look at the SNS as the ‘primum movens’ of these cardiovascular and metabolic alterations59.

A lot of other features and more “non-traditional” risk factors have also been discussed to be 

included in the syndrome like dysfunction of inflammation, coagulation, fibrinolysis, platelets, 

lipoproteins, endothelium, and miscellaneous biological processes. Currently, there are 

different definitions of the metabolic syndrome proposed by international and national 
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organisations or expert group as shown in Table 3. And there is an ongoing discussion about 

the syndrome’s existence. The debate is (in part) related to lack of a universally accepted 

definition, but also due to the aetiology and doubts regarding the need for these disparate 

cardiovascular risk factors to be “lumped” together under one “artificial” diagnostic heading. 

All individual metabolic syndrome components have been shown to be independent risk 

factors for cardiovascular disease and death, so it’s not surprising that the clustering of these 

abnormalities has been reported to be accompanied by a substantial increase in the incidence 

of coronary disease as well as overall cardiovascular morbidity, cardiovascular and all-cause 

mortality59. However, patients known to have this clustering of abnormalities have increased 

cardiovascular risk and an increased risk of developing diabetes mellitus28, 72-75, whether or 

not this is due to the clustering or the individual components themselves.  

Table 3.  Different definitions for metabolic syndrome 
 WHO  

(1999)24
EGIR  

(1999)76
NCEP /ATPIII  

(200177 and *2005 
update78)

IDF
(2005)79

ACE
/AACE80

Main 
criteria 

Insulin resistance or
DM/IGT/ 
IFG 6.1mmol/L 

Insulin resistance  3 of the following:  
• Abdominal obesity 
(>102( )/ 88( ) cm)* 
• TG 1.7 mmol/L 
• HDL<1.0( )/      
1.3( ) mmol/L 
• BP 130/85 mmHg or
treatment 
• IFG 6.1(*5.6)-6.9 
mmol/L or treatment

Central obesity 
(waist 94( )/
80( ) cm) 

• TG 1.7 mmol/L 
• HDL<1.0( )/
1.3( ) mmol/L 
• BP  130/85 mmHg 
• IFG:6.1-6.9 mmol/L 
or IGT 

Other 
criteria 

 2 of the following: 
• BP 140/90 mmHg or
treatment
• Dyslipidaemia 
(TG 1.7 mmol/L or 
HDL<0.9( )/       
1.0( ) mmol/L) 
• Central obesity 
(BMI 30 kg/m² or 
waist-hip-ratio 
>0.9( )/0.85( ))
• Microalbuminuria 
(AER 20 μg/min or 
albumin:creatinine    

30 mg/g) 

2 of the following: 
• IFG 6.1 mmol/L 
• BP 140/90 mmHg 
or treatment 
• Dyslipidaemia 
(TG>2.0 mmol/L, 
HDL<1.0 mmol/L or
treatment)
• Central obesity 
(waist 90( )/
80( ) cm)

2 of the following: 
• BP 130/85 mmHg 
or treatment 
• TG 1.7 mmol/L or
treatment
• HDL<1.0( )/ 
<1.3( ) mmol/L or 
treatment 
• IFG 5.6 mmol/L or 
DM2 

Risk factors 
• BMI 
• Non-Caucasian 
• Family DM2, CVD 
• Sedentary lifestyle 
• CVD, PCOS, 
NAFLD, gestational 
DM, acanthosis 
nigrican 

AACE; American Association of Clinical Endocrinologists, ACE; The American College of Endocrinology, 
AER; albumin excretion rate, BMI; body mass index, BP; blood pressure, DM; diabetes mellitus, EGIR; 
European Group for the Study of Insulin Resistance,  IDF; International Diabetes Federation, IFG; 
Impaired fasting glucose, IGT; Impaired glucose tolerance, NAFLD; Nonalcoholic fatty liver disease, NCEP-
ATP III; US National Cholesterol Education Project Adult Treatment Panel, NHLBI; National heart, lung, 
and blood institute, OGTT; oral glucose tolerance test, PCOS; polycystic ovary syndrome, TG; triglycerides, 
WHO; World Health Organization
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4.5 Diabetes development in hypertension 

4.5.1 Pathophysiology 

As part of the metabolic syndrome, hypertension and diabetes mellitus, frequently occur 

together, and both conditions independently increase the propensity to cardiovascular disease 

and organ damage, e.g. greater incidence of stroke, coronary heart disease, congestive heart 

failure, renal failure, peripheral artery disease and cardiovascular mortality81. As discussed 

above insulin resistance may be one pathophysiological mechanism explaining the strong 

relationship69. Endothelial dysfunction and inflammation may be other possible mechanisms 

e.g. markers of inflammation such as C-reactive protein have been consistently related to 

incident type 2 diabetes and to increasing blood pressure levels82-86. Others have linked low 

birth weight with adult hypertension and diabetes mellitus87, 88. The autonomic nervous 

system may also be a possible link89 and will be discussed later. However, as always the 

sequence of events can be discussed and the question is what comes first?90

4.5.2 Consequences 

Diabetes mellitus is a major risk factor for cardiovascular disease including microvascular 

disease and accelerated atherosclerosis with more severe extensive and diffuse lesions 

compared to those in non-diabetic patients49, 54. The risk is added when the patients also have 

hypertension, and the patients with both diabetes mellitus and hypertension have 

approximately four times the cardiovascular risk of non-diabetic non-hypertensive subject49, 50, 

54, 81, 91. The current antihypertensive treatment targets are also lower in diabetic patients 

(<130/80 mmHg) due to higher risk of cardiovascular endpoints3.

The risk associated with new-onset diabetes mellitus or incident diabetes mellitus in 

hypertensives in hypertension trials is not so well characterised. In the up to 16-years follow-

up from the observational PIUMA (Progetto Ipertensione Umbria Monitoraggio 

Ambulatoriale) study, there was a yearly incidence of new-onset diabetes mellitus of 1.9% 

during antihypertensive treatment, and the patients developing diabetes mellitus during 

follow-up developed a risk of a subsequent cardiovascular event that approached those with 

diabetes mellitus at baseline32, 92. Hypertension and incident type 2 diabetes increased the risk 

of coronary heart disease independently, and the combination increased the risk dramatically, 

particularly in women, in a large Finnish population survey50. The coronary heart disease 

incidence was increased by 23% (1.10-1.37) in men and 2.04 times (1.80-2.30) in women 

during 21.5-year of follow-up 50. Results from the MRFIT (Multiple Risk Factor Intervention 

Trial) trial have shown that the patients developing diabetes mellitus during 18-years of 
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follow-up had increased total, cardiovascular and coronary heart disease mortality compared 

to patients without diabetes mellitus93. And among the 282 patients developing new-onset 

diabetes mellitus during 11 years of follow-up in the CHS (Cardiovascular Health Study) 

study, new-onset diabetes mellitus was associated with an increased risk for all-cause and 

cardiovascular mortality compared with non-diabetics with a HR of 1.9 (1.4-2.5) and 2.2 (1.4-

3.4), respectively94. The mortality risk was elevated within 2 years of onset, but surprisingly it 

did not increase further over time94. In a recent published 28-year follow-up study from 

Sweden there was a yearly incidence of new-onset diabetes of 1.0% in hypertensives, and 

there was a greater risk for major cardiovascular complications and mortality in subjects who 

developed new-onset diabetes than in those who did not95. However, this was not seen in the 

same patients at 15 years follow-up96. So the results differ, but most likely the risk of 

developing diabetes is increasing over time. 

In a post-hoc analysis from the ALLHAT (Antihypertensive and Lipid-Lowering 

Treatment to Prevent Heart Attack Trial) trial, incident diabetes mellitus was associated with 

a statistically significant increased risk of coronary heart disease with a HR of 1.64 (1.15-

2.32) during the first 2 years of follow-up, but there was no significant increase in any other 

outcomes in association with the diabetes development97. However, the follow-up time was 

short, fasting glucose measurement was only known for half of the cohort, and information 

about possible diabetes treatment was not available97. Similarly, in the extended follow-up of 

the SHEP (Systolic Hypertension in the Elderly Program) study, new-onset diabetes was 

associated with a higher risk of all-cause and cardiovascular mortality in the placebo group, 

but not in the patients treated with diuretic98. However, in these elderly subjects with isolated 

systolic hypertension and high cardiovascular risk in the short term, the highly favourable 

prognostic effect of blood pressure reduction may have outweighed the adverse prognostic 

impact of diabetes development92, 98. The patients from the SHEP report were also not closely 

followed after the randomised part of the trial was stopped and the authors lack information 

about treatment, blood pressure and diabetes development during later follow-up and the 

mortality status was assessed from a national database (National Death Index)98. From the 

Swedish follow-up study discussed above we know it can take even longer than 15 years of 

follow-up to see significant outcome results, and this may also explain why no significant 

differences were seen in the ALLHAT and the SHEP study follow-up99.
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4.5.3 Differences in diabetes development between antihypertensive treatment regimens

All antihypertensive drugs lower (by definition) blood pressure, and this decline is the best 

determinant of cardiovascular risk reduction. However, differences between drugs exist with 

respect of target-organ damage and prevention of cardiovascular events1. Recent guidelines 

recommend five different antihypertensive drugs as first line treatment3. However, there are 

known differences in diabetogenic effect between the regimens56, 100, 101. A net-work meta-

analysis published in Lancet in 2007 have calculated the odds ratio for new-onset diabetes to 

be 0.62 (0.51-0.77) for ARB, 0.67 (0.57-0.79) for ACEI, 0.75 (0.63-0.89) for placebo, 0.79 

(0.67-0.92) for CCB, and 0.93 (0.78-1.11) for beta-blockers compared with treatment with 

diuretics (reference drug=1)56. In the USA 20 million people are treated with thiazide diuretic 

and an equal number are on beta-blockers1. Based on known diabetogenic risk, this translates 

into 250 000 cases of new-onset diabetes mellitus associated with these so-called traditional 

antihypertensive drugs every year1.

Thiazid diuretics may in high-doses worsen glycaemic control by impairing insulin 

secretion and decreasing peripheral insulin sensitivity102. They may worsen glycaemic control 

through stimulation of renin secretion and thereby angiotensin II production. Impaired insulin 

sensitivity has been proposed to be due to increased catecholamine release in response to 

thiazides102. Furthermore thiazide diuretics have a drug- and dose-dependent hypokalaemic 

effect that may blunt the release of insulin from the pancreas103, 104, but potassium 

supplementation and a combination with ACEI or ARB may prevent hypokalaemia.  

There is accumulating evidence that beta-blockers increase the likelihood of new-onset 

diabetes mellitus42, 105, particularly when combined with thiazide diuretics, as shown in the 

ASCOT study106. Potential diabetogenic mechanisms may include weight gain and unopposed 

2 receptor-mediated glycogenolysis, inhibition of pancreatic insulin secretion, alteration in 

insulin clearance and, probably most important, reduced peripheral blood flow due to 

increased peripheral vascular resistance107, 108. 1-selective blockers with vasodilating action 

through 2-agonist stimulation or -blocking activity appear to have minimal detrimental 

effects on glycaemic control108.

CCBs are considered to be neutral in their effects on glucose homeostasis56, 109.

Vasodilatation and improved peripheral blood flow may explain the improvement in insulin 

sensitivity sometimes seen with calcium channel blockade110. However, in supra-therapeutic 

doses CCB are known to inhibit insulin release111 and some CCBs may activate the SNS112.
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4.6 Renin-angiotensin system (RAS) 

4.6.1 Pathophysiology 

The RAS is a major neurohormonal regulatory system of cardiovascular and renal function to 

maintain haemodynamic stability. It plays an important role in the regulation of blood 

pressure on its own, but it also interacts extensively with other blood pressure control systems 

including the sympathetic nervous system and the baroreceptor reflexes113. RAS is stimulated 

by e.g. blood loss or excessive loss of sodium and water. The classic activation of RAS occurs 

from release of renin by the kidney and renin cleaves angiotensinogen into the inactive 

angiotensin I114. The next rate-limiting step is conversion from angiotensin I into angiotensin 

II by the angiotensin-converting enzyme (ACE) as shown in Figure 1. There are also other 

activation mechanisms and local production of angiotensin II as well as other angiotensin 

peptides, which complicate the picture114, 115. The final step of the RAS cascade is activation 

of angiotensin II receptors, and the clinically important ones are type 1 (and 2)114. The AT1-

receptor belongs to the superfamily of G-protein-coupled receptors and has been localised in 

most tissues including heart, kidney, vascular smooth-muscle cells, brain, adipocytes, platelets, 

adrenal glands and placenta114. The increased level of angiotensin II increases blood pressure 

by stimulation of the AT1-receptor by various mechanisms, including vasoconstriction of 

resistance vessels, aldosterone synthesis and release, renal tubular sodium reabsorption 

(directly and indirectly through aldosterone), thirst stimulation, release of antidiuretic 

hormone and enhanced sympathetic outflow from the brain and noradrenaline release8. In 

addition to promote cardiovascular and renal disease, elevated levels of angiotensin II are 

associated with the development of peripheral insulin resistance116.
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Figure 1. The renin-angiotensin system (RAS) and potential RAS-blockers 

(Modified from Aksnes TA et al. Seminars in Cardiology 2006; 12(4):125-135)  
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4.6.2 Blockers of RAS 

The development of pharmacological agents that block RAS specifically have helped to 

define the contribution of this system to blood pressure control and to the pathogenesis of 

hypertension and renal failure114. Angiotensin II receptor blockade with saralasin in the 1970s 

lowered blood pressure and improved haemodynamics, but had to be administered 

intravenously, and in high doses it had some partial angiotensin-II-like effects114. Later oral 

active ACEI and specific blockers of the angiotensin II AT1-receptor were produced. 

Recently direct oral renin inhibitors have been put on the market117, and other sympatholytic 

agents are also in use (e.g. beta-blockers inhibit renin release from the kidney). RAS-blockers 

have antihypertensive, anti-atherosclerotic, anti-inflammatory, anti-proliferative and oxidative 

stress lowering effects which protect against cardiovascular, cerebrovascular and renal 

damage115.

 So far, seven orally active AT1-receptor blockers or ARBs with different 

pharmacodynamic and pharmacokinetic characteristics are launched in Norway (candesartan, 

eprosartan, irbesartan, losartan, olmesartan-medoksomil, telmisartan, valsartan). ARBs are 
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effective antihypertensive drugs. The blood pressure becomes salt-dependent when RAS is 

blocked, so salt reduction and combination with diuretic increase the antihypertensive 

effect114. ARBs reduce target organ damage like left ventricular hypertrophy, improve 

haemodynamic indices and reduce cardiovascular and end stage renal disease. Another 

important advantage is the tolerability of the drug class as the adverse-effect profile is 

comparable with that seen in placebo groups118.

4.6.3 Effects of RAS blockers on diabetes development and insulin sensitivity  

New-onset diabetes is not a “hard endpoint” like myocardial infarction, stroke and mortality, 

but has been included as an intermediate endpoint in the recent European guidelines3. In the 

network meta-analysis presented above, the relative odds ratio for developing diabetes was 

lowest with long-term use of ARBs 0.62 (0.51-0.77) and next lowest with ACEIs 0.67 (0.57-

0.79) compared with diuretics56. Although a trend, there was no significant difference 

between RAS blockade compared with placebo or between ARBs and ACEIs56.  However, 

these results are predominantly based on data from secondary and post hoc analyses of 

randomised controlled trials, and there are of course also a possible publication bias due to the 

fact that older drugs have been longer on the market and more information are known119. In

the DREAM (Diabetes REduction Assessment with ramipril and rosiglitazone Medication) 

trial, treatment with RAS blockade was investigated with new-onset diabetes as a primary end 

point120, and soon results from the ongoing NAVIGATOR (Nateglinide And Valsartan in 

Impaired Glucose Tolerance Outcomes Research)121 and ONTARGET (ONgoing Telmisartan 

Alone and in combination with Ramipril Global Endpoint Trial)/TRANCEND (Telmisartan 

Randomised AssessmeNt Study in ACE- iNtolerant subjects with cardiovascular Disease)122

trials will be published and give further knowledge about RAS-blockade and new-onset 

diabetes. In the DREAM trial treatment with the ACEI ramipril did not reduce the incidence 

of diabetes mellitus or death, but a significant regression towards normal glucose levels was 

observed120. There is today difficult to conclude whether RAS blockade exerts real anti-

diabetogenic action or simply lacks a diabetogenic action possessed by other antihypertensive 

treatment regimens3, but more trials are on their way and will hopefully be able to clarify the 

effect. There are many hypotheses on how RAS-blockade may improve insulin sensitivity and 

reduce diabetes development that will be discussed more extensively later. However, both 

haemodynamic effects with better delivery of insulin and glucose to the peripheral skeletal 

muscle and non-haemodynamic effects including effects on insulin signalling and glucose 

handling, adipocyte differentiation, hypokalaemia and fibrosis prevention, may be of 
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importance100, 123. The ARB telmisartan has even reported to have partial effect on activity of 

the peroxisome proliferator-activated receptor–  (PPAR- ), a well-known target for insulin-

sensitising anti-diabetic drugs55. Thus, the effect may involve both improvements of insulin 

secretion as well as insulin action.  

Table 4 shows studies investigating the effect of treatment with ARBs on insulin 

sensitivity measured with hyperinsulinaemic glucose clamp. The reason for differences 

between the study results may be due to different study design and duration, different drugs 

and dosages used, and different patient groups being included in the studies. In spite of some 

mixed results a possible improvement of insulin sensitivity after treatment with ARBs may be 

suspected. 

Table 4. Studies with ARBs investigating insulin sensitivity measured with glucose clamp 

Study Design Drugs Effect ARB 
(p-value) 

Akel et al.124 8 w parallel treatment of 18 hypertensives ARB (losartan) and 
ACEI (enalapril) 

NS 

Aksnes et al. (Paper II) 8 w double-blind crossover study of 17 mild-
moderate hypertensives with other CVD risk factors 

ARB (losartan) vs. CCB 
(amlodipine) 

+17%* 

Fogari et al.125 6 w double-blind crossover study of 25 mild-
moderate hypertensives 

ARB (losartan) vs. ACEI 
(lisinopril) 

NS 

Fogari et al.126† 6 w double-blind crossover study in 28 overweight 
mild-moderate hypertensives

ARB (losartan) vs. ACEI 
(perindopril) 

NS 

Fogari et al.127† 12 w double-blind parallel-group study of 44 
postmenopausal mild-moderate hypertensive women 

ARB (losartan) and 
ACEI (trandopril)  

NS 

Furuhashi et al.128‡ 2 w parallel-group study of 16 insulin-resistant mild-
moderate hypertensives 

ARB (candesartan) and 
ACEI (temocapril) 

+45%*  

Higashiura et al.129‡ 2 w study of 8 mild-moderate hypertensives ARB (candesartan) vs. 
placebo

+42%*  

Iimura et al.130 2 w parallel-group study of 13 mild-moderate 
hypertensives 

ARB (candesartan) and 
ACEI (delapril) 

+42%*  

Laakso et al.131 12 w double-blind parallel-group study of 20 
hyperinsulinaemic hypertensives 

ARB (losartan) and BB 
(metoprolol) 

NS 

Moan et al.132 6 w open-study of severe hypertensives  ARB (losartan) 
vs. placebo 

+30%* 

Moan et al.133 4 w double-blind crossover study of mild 
hypertensives  

ARB (losartan) 
vs. placebo 

NS 

Olsen et al.134 1, 2 and 3 year follow-up of 70 hypertensives with 
ECG-documented LVH (LIFE substudy) 

ARB (losartan) and BB 
(atenolol) 

NS 

Paolisso et al.135 4 w single-blind parallel-group study of 16 insulin-
resistant mild-moderate hypertensives 

ARB (losartan) and 
placebo 

+30%** 

Ura et al.136 2 w parallel-group study of 13 hypertensives ARB (candesartan) and 
ACEI (delapril) 

+42%* 
† and  ‡ ; Partly the same  population, *; p-value<0.05, **; p-value<0.01 
 (BB; beta-blocker, CVD; cardiovascular disease, LVH; left ventricular hypertrophy, NS; non-significant, 
w; week) 

Large hypertension and heart failure trials have reported impact on diabetes 

development in favour of RAS-blockade as shown in Figure 2. CCBs have been considered 
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neutral in case of new-onset diabetes109. However, recently ARBs and ACEIs have shown to 

be associated with significantly less new-onset diabetes than CCBs56, 137, 138. The VALUE 

(The Valsartan Antihypertensive Long-term Use Evaluation) trial was the first opportunity to 

formally compare the effect of an inhibitor of RAS with a CCB on the development of new-

onset diabetes, and the results indicate that the risk for developing diabetes mellitus is either 

lower or delayed in patients treated with valsartan (ARB) than in those treated with 

amlodipine (CCB) with a relative risk reduction of 23% (OR 0.77 (0.69-0.87, p-value< 

0.0001)137. Recently also the CASE-J (The Candesartan Antihypertensive Survival Evaluation 

in Japan Trial) trial has shown a 36% relative risk reduction (HR 0.64 (0.43-0.97), p-

value=0.033) of new-onset diabetes in patients treated with candesartan (ARB) compared 

with amlodipine (CCB)138. There was also a numerical difference in favour of treatment with 

ACEIs compared with CCBs in the results from the ALLHAT trail, however the trial design 

precluded a formal statistical comparison139. In the STOP-2 (Swedish Trial in Old Patients 

with Hypertension-2) study no difference in new-onset diabetes was found140. Although a 

possible favourable effect, it is not establish if RAS blockade reduces or delays the onset of 

type 2 diabetes mellitus.  
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Figure 2. New-onset diabetes mellitus in large trials using blockers of RAS106, 137-139, 141-144

(ACEI; angiotensin-converting enzyme inhibitor, ARB; angiotensin II-receptor     
blocker, BB; beta-blocker, CCB; calcium channel blocker, D; diuretics) 
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4.7 Adipokines 

Since 1994 and the discovery of leptin145,  it has been known that adipose tissue is more than 

a passive storage of fat and energy. Adipose tissue secretes multiple bioactive molecules with 

local or systemic effects called adipocytokines or adipokines. Adiponectin, leptin, and tumor 

necrosis factor-alpha (TNF- ) are among the best characterised adipokines and have been 

linked with insulin resistance and diabetes development. However, the contribution of the 

various adipokines to the development of insulin resistance is complex and not fully 

understood. It has also been hypothesised that blockade of RAS promotes the recruitment and 

differentiation of pre-adipocytes into small insulin-sensitive adipocytes that counteract ectopic 

deposition of lipids and thereby improves insulin sensitivity146.

Low plasma levels of the adipokine adiponectin has been associated with obesity and 

type 2 diabetes mellitus in different ethnic groups, and it has been shown that circulating 

adiponectin levels correlate better with insulin resistance and hyperinsulinaemia than 

adiposity and glucose intolerance147-151. Adiponectin increases rates of fatty acid oxidation 

and decreases muscle lipid content which may in part be the underlying mechanism to their 
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possible insulin sensitising effect57. More recently, it has been hypothesised that low 

adiponectin might be involved in development of hypertension152, 153. In Table 5 studies 

investigating and reporting effects of treatment with ARBs on insulin sensitivity and 

adiponectin levels are shown, and although some mixed results a trend towards improvement 

of both insulin sensitivity and adiponectin after ARB treatment may be sensed128, 154-165. There 

are different hypotheses of how RAS-blockade may increase adiponectin levels e.g. RAS-

blockade may promote and increase adipogensis and adipocyte differentiation that may result 

in a greater capacity for adiponecetin production146. It has also been shown that RAS blockade 

may suppress TNF-  synthesis166, which again suppresses adiponectin expression167-169. The 

effects may also be on gene expression as at least one ARB, telmisartan, has shown to act as a 

PPAR-  agonist like the thiazolidinediones55, 167, 170. One experimental study has concluded 

that ARB-induced adiponectin stimulation is most likely to be mediated via PPAR-

activation involving a post-transcriptional mechanism171, but this does not explain the positive 

effect seen of other RAS-blockers with less known PPAR-  effect172. Animal models have 

also indicated that blockade of angiotensin II-receptor ameliorates adipokine dys-regulation in 

obese, and that such action is mediated by preventing oxidative stress in obese adipose 

tissue173. In addition to adiponectin’s strong association with type 2 diabetes mellitus, a 

possible association between high adiponectin concentrations and a favourable cardiovascular 

risk profile has been suggested174. However, this association with coronary heart disease is 

more moderate and requires further investigation174.

Leptin is polypeptide derived from adipose tissue that promotes weight loss by acting 

in the hypothalamus to reduce appetite175. Results from studies of individuals with leptin 

deficiency176 or leptin receptor defects177, have revealed a critical role of leptin in the normal 

regulation of appetite and adiposity in humans. The primary biological role of leptin appears 

to be adaptation to low energy intake rather than to inhibit over-consumption and obesity170.

Leptin is considered to play a key role in the elevation of sympathetic activity commonly 

found in obese hypertensive patients178, 179, presumably by means of increasing caloric 

expenditure and losing weight59. It exerts a direct effect on the kidneys resulting in increased 

sodium reabsorption and regulates vasomotion180. Leptin may decrease muscle lipid content 

which may in part improve insulin sensitivity57. Leptin has also shown pro-atherosclerotic, 

pro-inflammatory, and pro-thrombotic effects. 

The adipokine resistin was discovered in 2001 by screening for genes that were 

induced during adipocyte differentiation and down-regulated in mature adipocytes treated 

with thiazolidinediones, and it got its name due to the thinking of this being the linkage 
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between obesity and diabetes (RESISTance to INsulin)181. In mice studies high levels of 

resistin have shown to correlate with insulin-resistant states, and resistin administration has 

led to insulin resistance in vivo and in vitro studies59. However, there are differences in 

protein structure between mice resistin and human resistin, and the link between obesity and 

diabetes in humans has shown to be complicated. Resistin has been shown to directly impair 

insulin signalling and insulin stimulated glucose uptake in muscle, but has not shown direct 

effect on altering muscle lipid metabolism.

Plasminogen activator inhibitor type 1 (PAI-1), an inhibitor of fibrinolysis, is another 

protein related to adipocytes. It has been linked to a variety of biological processes and is 

secreted by adipocytes, hepatocytes, platelets and vascular smooth muscle and endothelium182, 

183. Elevated level of PAI-1 may predict future diabetes mellitus and cardiovascular disease in 

part because elevated levels also reflect visceral obesity and insulin resistance82, 182, 183.

Weight loss and improvement in insulin sensitivity due to treatment with anti-diabetic drugs 

have shown significant reduction in circulating PAI-1 levels183. In the Framingham Study, 

PAI-1 had a positive graded relationship with development of type 2 diabetes mellitus, and 

the association was independent of other risk factors including obesity, homeostasis model 

assessment for insulin resistance (HOMA-IR), IFG/IGT, triglycerides and inflammation82.

TNF-  is a pro-inflammatory cytokine and has been suggested to play a key role in 

insulin resistance in obesity and may contribute to the development of type 2 diabetes 

mellitus184. One possible mechanism may be by impaired insulin signalling and tyrosine 

kinase activity at the insulin receptor, which is important for the biological activities of 

insulin185. Other mechanisms may be that TNF-  increase release of free fatty acids from 

adipocytes and reduce adiponectin synthesis168. At least one study has shown reduction of 

TNF-  with ARB treatment186, and effects through modulation of RAS may be another 

linkage between TNF-  and insulin resistance. 
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Table 5. Studies with ARBs reporting effect on insulin sensitivity and adiponectin 

Study Design 
Insulin  

sensitivity Adiponectin 

Aksnes et al.(Paper III)  21 HT, losartan 8w + +/- 

Benndorf et al.154 37 HT, telmisartan 6w + +/- 

Chujo et al.155 28 HT, telmisartan 24w +/- (+†) + 

de Vinuesa et al.156 52 CKD, olmesartan 16w + +/- 

Furuhashi et al.128 16 HT, temocapril/ candesartan 14 d  + + 

Koh et al.157 47 HT with hypercholesterolemia, losartan 2m + + 

Koh et al.158 45 HT, candesartan 2m  + + 

Koh et al.159 44 HT with hypertriglyceridaemia, candesartan 2m + + 

Negro et al.160 46 HT with IR, irbesartan or telmisartan 6m + + 

Nielsen et al.161 9 men with DM1, losartan 6w + + 

Park et al.162 44 HT with IR and DM, losartan 6m + + 

Usui et al.163 36 HT with DM2, telmisartan 6m + ‡ +/- 

Yenicesu et al.164 21 DM2 with proteinuria, ramipril 4w + + 

Yilmaz et al.165  20 HT with MetS, valsartan 3m + + 

* CKD; chronic kidney disease, d; days, DM; diabetes mellitus, HT; hypertensives, IR; insulin-resistant, m; 
months, MetS; metabolic syndrome, w; weeks, +; positive effect, +/-; neutral effect (non-modified effect) 
† In patients with MetS (n=14). ‡ In patients not taking anti-diabetic drugs (n=14). 

4.8 The autonomic nervous system 

The nervous system is divided into the somatic nervous system that controls organs under 

voluntary control (mainly muscles) and the autonomic nervous system (or visceral nervous 

system) that regulates individual organ function and homeostasis, and for the most part is not 

subject to voluntary control e.g. regulation of heart rate, respiration and digestion. The 

autonomic nervous system commands the organs through two antagonistic branches: the 

sympathetic nervous system, predominant in the active period (“fight, fright, and flight”), 

whereas the parasympathetic nervous system rules the body in the inactive period (“rest and 

digest”). 
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4.8.1 The sympathetic nervous system 

The sympathetic nervous system is the portion of the autonomic nervous system that enables 

the body to be prepared for fight or flight. Sympathetic responses include increase in heart 

rate, blood pressure, and cardiac output and diversion of blood flow away from the skin and 

splanchnic vessels to the blood vessels supplying skeletal muscle187. Efferent sympathetic 

activity releases noradrenalin and adrenalin from sympathetic nerve endings and from the 

adrenal medulla, and the cells containing adrenaline and noradrenaline are innervated by 

separate sympathetic neurons and descending pathways from the hypothalamus188.

Noradrenaline is the main postganglionic transmitter of the sympathetic nervous system in 

regulation of the cardiovascular system and sympathetic neural activity evokes and decays 

slower than the corresponding response to stimulation of the parasympathetic nervous system 

or vagal activity189. This is due to slow noradrenaline release, the slow 2nd messenger system 

coupling the adrenergic -receptors and the ion channels, and the slow removal of 

noradrenaline by cellular re-uptake and urinary excretion190. Increased activity of the 

sympathetic nervous system is thought to play an important role in the pathogenesis and 

maintenance of essential hypertension, especially in the early phase of hypertension8, 191, 192.

The specific cause of the increased sympathetic activity in essential hypertension remains 

largely unknown, although genetic influences are evident and behaviour and lifestyle factors 

like stress, physical inactivity and obesity are involved192. Noradrenaline released from 

sympathetic nerve endings in the kidney, heart, and blood vessels raises blood pressure by 

enhancing sodium reabsorption, increasing cardiac output, and increasing peripheral 

resistance193. According to the hypothesis of Julius68 enhanced sympathetic activity is the 

primary factor that can be associated with both hypertension and insulin resistance, and 

possibly obesity. The pressure-induced restriction of the microcirculation limits nutritional 

flow and thereby impairs glucose uptake in the skeletal muscle89, which is the major site of 

insulin resistance194. On the other side Landsberg193 has proposed hyperinsulinaemia as the 

primary cause of hypertension partly through increased sympathetic activity, and this classic 

“chicken and egg”-question is still not solved. The adverse effects of sympathetic activation 

in hypertension are both promotion of atherosclerosis and unfavourable effect on the 

metabolic profile by development and progression of insulin resistance and dys-lipidaemia195.

Locally released noradrenaline from sympathetic nerves is likely to increase glucose 

uptake in skeletal muscle and adipose tissues through -adrenergic stimulation and through 

insulin-independent mechanisms196. However, noradrenaline does not contribute so much as 

adrenaline to hepatic glucose production, and in the long term sympathetic activation may 
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reduce skeletal muscle glucose uptake through microvascular changes196, 197. Chronic 

sympathetic over-activity may produce insulin resistance by receptor mechanisms, decreased 

capillary density, or by -receptor-mediated vasoconstriction89, 198.

Sympathetic activation also increases adipose tissue lipolysis and releases free fatty 

acids into circulation and thereby producing another mechanism that directly inhibits glucose 

transport across the cell membrane59. There is a direct relationship between the number of 

sympathetic neural bursts to skeletal muscle tissue and insulin sensitivity assessed by HOMA-

IR199, indicating a linkage between insulin resistance and  increased sympathetic activity. The 

number of sympathetic bursts to skeletal muscle circulation is also greater in diabetic patients 

as well as in individuals with diabetic parents that still have normal blood glucose59, 200.

RAS and SNS are linked by a positive feedback relationship9. The stimulating effect 

of sympathetic nerves on renin release from juxtaglomerular cells in the kidney is 

reciprocated by the sympathostimulation caused by angiotensin II through a variety of 

peripheral (increase in noradrenaline release from sympathetic nerve terminals, potentiation of 

the adrenoceptor responsiveness to adrenergic stimuli) and more central (brain and ganglionic 

influences of angiotensin II) mechanisms59. Angiotensin II has shown inhibitory effects on 

baroreceptor reflex control of heart rate9, 113. It facilitates sympathetic and suppresses 

parasympathetic activity, and RAS blockers may restore the autonomic balance201, 202.

Dihydropyridine CCBs exert their blood pressure reducing effect through a decrease in 

peripheral resistance due to arterial vasodilatation and have showed mixed results in relation 

to SNS203. In a study comparing different dihydropyridine CCBs, a significant increase in 

plasma noradrenaline levels were observed after chronic therapy with amlodipine and 

felodipine, but not with the lacidipine and manidipine204. Sympathoinhibition cannot be 

obtained by CCBs whose administration may be accompanied by an increase, or at best, no 

change in sympathetic activity195. The possible increase of sympathetic activity by some 

CCBs, especially triggered by the acute blood pressure reduction, may make them fail to 

improve metabolic function195.

Other antihypertensive treatment regimens like diuretics may increase central 

sympathetic nervous system activity, and alfa-1 adrenergic antagonists may induce a 

reflectory increase in plasma noradrenaline due to peripheral arterial pressure reduction205. As 

expected beta-blockers and central sympatholytic antihypertensive drugs may reduce SNS 

activity205.

SNS in humans may be assessed by heart rate and haemodynamic measurements, 

noradrenaline measurement in urine and plasma, neurotransmitter release by radiotracer-
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derived measurements, microneurographic recordings, heart rate variability (HRV), baroreflex 

sensitivity (BRS), positron emission tomography (PET) and other imaging techniques59, 206.

4.8.2 The parasympathetic nervous system 

This part of the autonomic nervous system has opposite effects of the sympathetic nervous 

system and causes a reduction in heart rate and blood pressure, facilitates the digestion and 

absorption of nutrients, and excretion of waste products from the body187. The

parasympathetic nervous system regulates cardiovascular function through the action of 

acetylcholine on muscarinic cholinergic receptors. Stimulation of the parasympathetic 

nervous system by the vagus nerve reduces heart rate, inhibits atrioventricular conduction and 

reduces myocardial contractility. Due to fast coupling of muscarinic receptors to potassium 

channels and quick hydrolysis of acetylcholine by acetylcholinesterase, the parasympathetic 

nervous system allows for beat-by-beat control of heart rate190.

 Parasympathetic cardiovascular control tends to be reduced in patients with essential 

hypertension. However, this has received much less attention than activation of the 

sympathetic nervous system, probably due to methodological reasons and due to no direct 

“parasympathetic” antihypertensive drug207. Increased sympathetic activity and decreased 

parasympathetic activity have been linked not only to hypertension, but also to the associated 

metabolic abnormalities198, 208.   

Cardiovascular parasympathetic nervous system activity may be studied indirectly 

through haemodynamic measurements during pharmacologic blockade or assessment of BRS 

and HRV analyses207, 209.
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5.  Aims of the thesis 

The aims of the thesis were to investigate insulin resistance and development of diabetes 

mellitus in hypertensives. The main specific questions addressed can be summarised as 

follows: 

1. Patients with hypertension and high cardiovascular risk may also have a high risk of 

developing diabetes mellitus. What predicts diabetes development among 15245 high 

risk hypertensive patients? (Paper I) 

2. May additional antihypertensive treatment with AT-1 receptor blockade improve 

insulin sensitivity measured with the hyperinsulinaemic isoglycaemic glucose clamp 

compared to treatment with calcium channel blocker alone? (Paper II) 

3. We aimed to investigate the influence of AT-1 receptor blockade on circulating 

adipokines, inflammatory markers and blood viscosity (Paper III) 

4. We aimed to investigate if different effects on the sympathetic-parasympathetic 

balance measured with BRS, HRV and plasma catecholamines may be related to the 

changes in glucose metabolism after treatment with additional AT-1 receptor blockade 

compared to calcium channel blocker alone? (Paper IV) 

5. May development of diabetes mellitus in hypertensives during antihypertensive 

treatment affect cardiac outcomes? (Paper V)     
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6.  Material and methods 

6.1 The GOAAL study 

6.1.1 Study design and subjects 

The Glucose Optimisation with the Angiotensin II Antagonist Losartan in patients with 

hypertension and other cardiovascular risk factors (GOAAL) study is a double-blind, 

randomised crossover study designed to compare the metabolic effects of 10 mg amlodipine 

and 100 mg losartan + 5 mg amlodipine. After a 4-week open label amlodipine 5 mg run-in 

period, all hypertensive patients were randomised to additional treatment with either 

amlodipine 5 mg or losartan 100 mg for 8 weeks (Fig.3). At the end of this 8-week treatment-

period, patients underwent blood pressure measurement, blood sampling, a hyperinsulinaemic 

isoglycaemic glucose clamp and BRS/HRV measurements. Following this was a 4-week 

wash-out phase where the patients continued open label 5 mg amlodipine, and then they were 

crossed over to the opposite treatment regimen for another 8 weeks before the final 

examination with blood pressure measurement, blood sampling, hyperinsulinaemic 

isoglycaemic glucose clamp and BRS/HRV measurements  

The study was approved by the National Committees for Research Ethics in Norway 

and the Norwegian Medicines Agency. All patients gave verbal and written informed consent 

to participate before included in the study.  
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Figure 3. Study design  

(Modified after Figure 2 in Paper II) 

Consent                Glucose clamp                          Glucose clamp
History & PE           Safety labs Safety Labs Safety labs               Safety labs
I/E criteria               BP                       BP                                    BP                 BP
Safety labs                        BRS/HRV          BRS/HRV

24-h ECG              24-h ECG

”Run-in”
4 weeks

Losartan 100 mg 

V1 V2 V3 V4 V5

8 weeks

”Wash-out”
4 weeks

”Open label” Amlodipine  5 mg

Amlodpine 5 mg 

Losartan 100 mg

8 weeks

Amlodipine 5 mg 

BP; blood pressure, BRS; baroreflex sensitivity, Glucose clamp; hyperinsulinaemic isoglycaemic glucose 
clamp, HRV; Heart rate variability, I/E; inclusion/exclusion, labs; laboratory tests, PE; physical examination, 
V1, V2 etc; visit 1, visit 2 etc, 24-h ECG; 24-hour electrocardiography recording

Twenty-five patients with mild to moderate essential hypertension (office diastolic 

blood pressure 95-110 mmHg and systolic blood pressure <180 mmHg) were recruited from 

general practitioners in the city of Oslo. The participants were previously untreated (n = 4) for 

hypertension or treated with monotherapy (n = 21), but not with ACEIs or ARBs. All patients 

had to have IGT or IFG defined as fasting plasma glucose of 6.1-7.0 mmol/L. The participants 

also had to have either microalbuminuria (urine albumin excretion rate 20μg/min), dys-

lipidaemia (HDL-cholesterol <0.9 mmol/L or triglycerides >1.7 mmol/L), BMI >28 kg/m² or 

an increased waist-to-hip ratio (>0.9 for men and >0.85 for women) according to some of the 

WHO criteria for metabolic syndrome24. At the first visit a clinical examination and 

laboratory testing with electrolytes, creatinine and thyroid hormones were taken to screen for 

secondary hypertension. 
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Due to side effects of the study medication (ankle oedema, headaches, flushing and 

palpitation), three patients decided to withdraw during the study and are not included in the 

final analysis. One of the patients who completed the study was excluded from the analyses 

due to an error at the hospital pharmacy (the patient was given amlodipine 10 mg throughout). 

Thus, the final study population consisted of 21 subjects (Fig. 4); 11 women and 10 men. The 

mean age was 58.6 years (range 46-75 years). At inclusion, blood pressure averaged 160 ± 

3/96 ± 2 mmHg and heart rate 66 ± 2 beats/min. BMI was 29.2 ± 1.0 kg/m² in the whole study 

group and the waist-to-hip ratio was 0.92 ± 0.01 in the women and 1.05 ± 0.01 in the men. 

Four patients (19%) were previously untreated for their hypertension and seven (33%) were 

previously treated with thiazides, four (19%) with beta-blockers and six (29%) with a CCB. 

Five (24%) subjects were smokers. Four of the patients did not complete two glucose clamps 

due to technical problems during the clamp procedure.   

Figure 4. Study population 

(Modified after Figure 1 in Paper II) 

3 patients withdraw due 
to side effects of the 

study medication
1 patient excluded due to error in 

study medication by the local 
pharmacy

STUDY POPULATION:
21 patients

4 patients without two satisfactory 
hyperinsulinaemic isoglycaemic 

glucose clamp examinations

17 patients 
completed two hyperinsulinaemic 

glucose clamp examinations

25 patients 
included
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6.1.2 Study endpoints 

6.1.2.1 Hyperinsulinaemic isoglycaemic glucose clamp and measurement of insulin sensitivity 

A number of methods have been developed for the quantitative measurement of insulin 

sensitivity, but the hyperinsulinaemic glucose clamp is still considered the “gold standard”60.

The hyperinsulinaemic isoglycaemic glucose clamp in our study was performed after an 

overnight fast. Antecubital veins on the right and left arm were cannulated with short Teflon 

catheters (Optiva® 2, 18G; Medex Medical Ltd., Haslingden, Great Britain) and glucose and 

insulin were infused through one catheter, whereas the other catheter was used for blood 

sampling. The hyperinsulinaemic isoglycaemic glucose clamp was performed for 120 minutes 

using a modification of the method described by DeFronzo et al.60. The insulin infusion was 

prepared in a bag with 100 ml of 0.9% saline. To prevent insulin from adhering to the plastics, 

4 ml of saline was exchanged with 4 ml of whole blood from the patient, and 30 IE of Insulin 

Actrapid were then added to the saline + whole blood mixture and shaken well. The mixture 

was then drawn into a 50 ml syringe and infused at a fixed rate of 0.001 IE/ kg body weight/ 

min. The fasting blood glucose level was determined as the average of 3 measurements with 

an Accu-Chek® Sensor (Roche Diagnostics GmbH, Mannheim, Germany). The insulin 

infusion was kept unchanged during the clamp, and the glucose infusion (200 mg/ml) was 

started after 5 minutes at a rate of 20 ml/hour and was adjusted every 5 minutes according to 

the blood glucose level to keep the blood glucose concentration isoglycaemic or at the 

baseline level. Insulin sensitivity was expressed as the glucose disposal rate (GDR) 

(mg/kg/min), calculated from the average glucose infusion rate during the last 20 minutes of 

the 120 minute clamp. This technique for measuring insulin sensitivity has a coefficient of 

variation of less than 5% in our laboratory210. However, the glucose clamp technique is time-

consuming and expensive so more easily accessible methods have also been developed. 

Fasting insulin per se is a much easier way of measuring insulin sensitivity. However, 

in patients with pre-diabetes or diabetes the hyperglycaemia is accompanied by inadequate 

insulin secretion, and the relationship with insulin sensitivity is not so reliable. Therefore 

different indexes have been developed. The HOMA-IR is calculated in fasting conditions as 

serum glucose (mmol/L) multiplied by serum insulin (pmol/l) and divided with 135, as 

described by Matthews et al.211. HOMA-IR has shown to correlate well with euglycaemic 

clamp measures in men and women, young and older adults, and obese and non-obese 

individuals211, 212. HOMA and other indexes are proxies for these more complex measures like 

the glucose clamp as they do not provide the same depth of physiological information74.
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6.1.2.2 Blood pressure and heart rate 

Blood pressure was measured with a mercury sphygmomanometer with adequate cuff size 

and after 5 minutes rest in sitting position. The pressure was measured at least three times and 

the values registered were the mean of the two latest measurements. Resting heart rate was 

measured by pulse palpation for 30 seconds after the blood pressure measurement. 

6.1.2.3 Heart rate variability (HRV) 

HRV is the oscillation in the interval between consecutive heart beats as well as the 

oscillations between consecutive instantaneous heart rates209. The clinical relevance has been 

appreciated for more than forty years209, 213, however, the linkage between reduced variability 

and cardiac mortality has first been known later209, 214. HRV can be measured using time 

domain and frequency domain analysis of electrocardiographic (ECG) recordings and has 

emerged as one important non-invasive methods to measure tonic autonomic heart rate 

control209, 215.

Time domain variables are calculated from the R-R intervals or normal-to-normal 

(NN) intervals that is the intervals between two successive normal QRS complexes in the 

ECG. Thus, the mean R-R interval reflects heart rate, whereas the variable SDNN (standard 

deviation of the NN interval) is the square root of variance and reflects all cyclic components 

responsible for variability in the period of recording209. Other time domain variables measure 

high-frequency variations in heart rate, and these include the square root of the mean squared 

differences of successive NN (RMSSD) and the proportion of interval differences of 

successive NN intervals greater than 50 ms (PNN50). As the total variance of HRV increases 

with the length of the recording, the durations used should be standardised e.g. with short-

term 5-min recordings and 24-h long-term recordings as suggested by the Task Force of The 

European Society of Cardiology and The North American Society of Pacing and 

Electrophysiology209.

Frequency domain variables, derived from power spectral analysis of R-R interval 

variability, estimate the distribution of power (or variance) as a function of frequency209. The 

power components are very low frequency (VLF; 0.04 Hz), low frequency (LF; 0.04-0.15 

Hz) and high frequency (HF; 0.15-0.4 Hz) and measurements are usually made in absolute 

values of power (ms²), but normalised units (n.u.) of LF and HF may also be measured and 

represent the relative value of each power component in proportion to the total power minus 

the VLF component209.  The normalisation minimises the effect of change in total power and 

represents the balance of the two branches of the autonomic nervous system209. The HF 
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component reflects efferent vagal or parasympathetic activity, and on the contrary the LF 

component is thought to reflect both sympathetic and parasympathetic influences209. Low 

HRV and LF have been related to development of hypertension216, as well as insulin 

resistance and diabetes mellitus217, 218. Both short-term recordings (5 minutes) and long-term 

recordings (24-hour) may be used in the analyses 209.

We measured HRV using a finger blood pressure monitor (Finometer®, Finapres 

Medical System, Amsterdam, The Netherlands) and a Mingograph 7 recorder (Siemens Elema, 

Solna, Sweden) for 40 minutes during supine rest prior to the clamp procedure. HRV was 

computed using BeatScope (BeatScope® Finapres Medical System, Amsterdam, The 

Netherlands) and Nevrokard (Nevrokard® Medistar, Ljubljana, Slovenia) software program 

for short-term recordings of 5 minutes for frequency domain methods. The 5 minutes 

recordings were checked, and the intervals free of missing data and with a minimum of 

ectopic beats and noise were chosen as recommended209. Normalised HF and LF, and LF/HF 

ratio were analysed. 24-hour Holter recordings were analysed with HRV time domain 

methods using Novacor Holter software (Novacor HolterSoft Ultima version 2.3.1, Cedex, 

France). The mean R-R interval, SDNN, and PNN50 were measured. The same person did all 

the visual checks and manual corrections of individual RR intervals and QRS complex 

classification. 

6.1.2.4 Baroreflex sensitivity (BRS) 

In the clinical setting BRS can be assessed by studying either the reflex heart rate response to 

physiologic activation or deactivation of the baroreceptors obtained by a variety of 

mechanical or pharmacologic manipulations, or by analysing the spontaneous fluctuations of 

the arterial pressure in steady-state conditions measured as the ratio between changes in RR 

interval time and changes in systolic blood pressure (msec/mmHg)219. The development of a 

device for non-invasive measurement of arterial pressure (FINger Arterial PRESsure) has 

made measurements of BRS more easy accessible219, 220. Non-invasively measured 

“spontaneous BRS” correlates well with results obtained by the pharmacological techniques, 

and one important advantage is that no external intervention (except cuff application) is 

required221, 222.  The cuff pressure oscillations have been found to resemble the intra-arterial 

pressure wave in most subjects, and changes of blood pressure can be accurately estimated, 

although the absolute values may be underestimated (or overestimated) in some subjects220.

BRS measures the dynamic autonomic heart rate control, and cardiac baroreflex response to 

increase blood pressure is mediated by the parasympathetic nervous system215, 219. BRS 
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increases when there is a shift of the autonomic balance towards an increased parasympathetic 

dominance219. Both BRS and HRV are reduced in high normal blood pressure and 

hypertensive patients, and even more in hypertensives with hyperinsulinaemia223-225.

We measured BRS based on the beat-to-beat blood pressure and heart rate recordings 

performed with the Finometer and the Mingograph 7 as for the HRV analyses, and 5 minutes 

segments were used for BRS analyses using the Nevrokard software program.

6.1.2.5 Catecholamines 

Sympathetic activity can be estimated by measurement of the plasma concentration or urinary 

excretion of catecholamines and their precursors and metabolites226. Measurement of plasma 

noradrenaline concentration in venous blood represents the most commonly employed index 

of sympathetic activity in man226. Plasma catecholamine concentrations at our laboratory are 

measured with a validated radioenzymatic technique227, 228. Arterial catecholamines may be 

better than venous catecholamines when comparing hypertensive and normotensive groups228,

as arterial samples reflect the sympathetic tone from heart and kidney better than venous due 

to  skeletal muscle contributes to approximately 50% of peripheral venous noradrenaline229.

However, due to ethical considerations and discomfort to the patients, we used venous 

catecholamine. Measurement of plasma noradrenaline represents only a small fraction of the 

total noradrenaline released from sympathetic nerves and is also dependent on tissue 

clearance and neuronal re-uptake and does not discriminate between the central or peripheral 

nature of increased plasma noradrenaline and the regional differentiations226. Other 

measurements of increased sympathetic activity e.g. microneurographic analysis have been 

considered more optimal226, but were not used in our study.  

Most of the circulating adrenaline is derived from the adrenal medulla189, and an 

increase in plasma adrenaline is generally considered to indicate increased adrenaline 

secretion, although changes in clearance may also modify the concentration189.

6.1.2.6 Whole blood viscosity (WBV) 

Whole blood is a non-Newtonian solid-liquid suspension and whole blood viscosity (WBV) 

depends on the concentration of cellular elements and the viscosity of plasma. With a 

rotational rheometer, fluidity of blood can be measured over a range of shear stresses (or 

shear rates). The liquid is sheared between two surfaces under constant shear stress or shear 

rate and the resulting shear rate is measured as a response to the applied movement. We 

measured WBV with a controlled stress rotational rheometer (CS10, Bohlin Instruments Ltd, 
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Lund, Sweden), with a double gap measuring system. The rheological properties of blood in 

patients with essential hypertension are known to be altered compared to healthy subjects, and 

WBV is directly correlated to the blood pressure levels230. Previous studies from our group 

have shown that WBV is negatively related to insulin sensitivity210, 231.

6.1.2.7 Other laboratory analyses 

C reactive protein (CRP) got its name due to capacity to bind to the c-polysaccharide of 

streptococcus pneumoniae and is a known biomarker of cardiovascular disease, and a 

relationship between CRP and insulin resistance has been shown232. The values of high 

sensitivity CRP (hs-CRP) of < 1, 1-3, and > 3 mg/L correspond with low, moderate, and high 

cardiovascular risk across a wide group of patient233. Measurement of hs-CRP should ideally 

be performed in a metabolically stable person without obvious inflammatory or infectious 

conditions and be repeated within two weeks233, however this was not possible in our study 

due to the study design.  

6.2 The VALUE trial 

6.2.1 Study design and subjects 

The Valsartan Antihypertensive Long-term Use Evaluation (VALUE) trial is an investigator-

designed, prospective, multi-centre, double-blinded, randomised, active-controlled, parallel-

group trial. The primary objective was, for the same level of achieved blood pressure, to 

compare the long-term effects on the incidence of cardiac morbidity and mortality between 

antihypertensive treatment with the ARB valsartan and the CCB amlodipine. The trial was 

endpoint driven and the patients were followed for 4-6 years with regular visits, and upward-

titration of medication was implemented in five steps to reach a goal blood pressure below 

140/90 mmHg. The trial included 15245 patients older than 50 years who were treated (92%) 

or untreated for essential hypertension at baseline234. Previously untreated patients were 

included if they had a mean sitting systolic blood pressure between 160 and 210 mmHg 

(inclusive) and a mean sitting diastolic blood pressure below 115 mmHg, or a mean sitting 

diastolic blood pressure between 95 and 115 mmHg (inclusive) and a mean sitting systolic 

blood pressure below 210 mmHg235. For patients already on antihypertensive treatment the 

mean sitting blood pressure should not exceed 210 mmHg systolic and 115 mmHg diastolic, 

but there was no lower limit. Additional inclusion criteria were the presence of predefined 

combinations of cardiovascular risk factors and/or disease factors according to an algorithm 

based on age and gender235. The qualifying risk factors included diabetes mellitus, cigarette 
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smoking, hypercholesterolemia, proteinuria, serum creatinine >150 mol/l and left ventricular 

hypertrophy (LVH) without strain on ECG using Cornell236 or Sokolow-Lyon criteria237.  The 

qualifying disease factors included documented history of myocardial infarction or significant 

coronary heart disease (e.g. documented on arteriogram), peripheral vascular disease, cerebral 

stroke or transient ischemic attack, or the presence of LVH with strain on ECG. Women aged 

50-59 years had to have at least one disease factor and two risk factors, while men in the same 

age-group only had to have one disease factor or three risk factors to enter into the trial. For 

men and women 60-69 years at least two risk factors or one disease factor were required, and 

for patients above the age of 70 years only one risk factor or one disease factor were required 

for randomisation.  

6.2.2 Study endpoints 

6.2.2.1 New-onset diabetes mellitus 

We wanted to investigate patients patients that developed diabetes mellitus during the 

VALUE trial. All patients who at entry were diagnosed as diabetics, received anti-diabetic 

agents, or had abnormal glucose levels were excluded in the analysis of new-onset diabetes 

mellitus. To detect new-onset diabetes mellitus in the VALUE trial three different criteria 

were used, but patients could only be counted once. The criteria were:

1. Diabetes mellitus reported by the investigators as an adverse event during the trial. 

(The investigators were strongly encouraged to use the WHO 1999 criteria24)

2. Information about new use of oral anti-diabetic drug or insulin in study reports. This 

database contained a detailed directory of drugs by both generic and trade names in all 

participating countries. 

3. Fasting glucose concentration >7.0 mmol/L in a venous blood sample drawn at study 

end and analysed in a central laboratory. 

Diabetes mellitus was at baseline234 defined by the WHO 1985 criteria (fasting glucose 7.8

mmol/L on at least two separate occasions)238. In 1999, during the course of the study, WHO 

changed the definition of diabetes mellitus to a fasting blood glucose of >7.0 mmol/L and/or 

blood glucose >11.1 mmol/L two hours after oral intake of 75 g glucose24. During the blinded 

phase of the trial, the working classification of new-onset diabetes mellitus was therefore 

redefined to adhere with the WHO 1999 criteria24, and this protocol was pre-specified in a 
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study newsletter. Consequently new-onset diabetes mellitus in our manuscripts is defined as 

fasting blood glucose of >7.0 mmol/L during the trial in patients without diabetes mellitus or 

with blood glucose <7.0 mmol/L at entry. The new definition increased the number of 

diabetics at entry of the VALUE trial by 427, and these patients are also excluded from the 

analysis of new-onset diabetes mellitus. 

According to these criteria, we have divided the 15245 patients in the VALUE trial 

into three pre-specified groups; patients with diabetes at baseline, patients that developed 

diabetes during the average 4.2 years of the trial and patients without diabetes both at baseline 

and at the end of the trial. 5250 patients were diabetic at baseline, and 1298 of the initial 9995 

non-diabetic patients developed diabetes mellitus during the average 4.2 years of the VALUE 

trial. 
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7. Summary of results 

7.1 Paper I 

The risk of developing diabetes mellitus among the non-diabetic VALUE trial population of 

hypertensive patients with high risk of cardiovascular disease was investigated. Easily 

accessible baseline clinical characteristics (glucose, BMI, non-Caucasian race, low age, heart 

rate and history of coronary heart disease (CHD)) predict patients at risk of developing 

diabetes mellitus. Baseline blood glucose and BMI were by far the most important baseline 

predictors of new-onset diabetes mellitus in the VALUE trial population. 

7.2 Paper II 

Additional treatment with ARB improved insulin sensitivity (GDR) measured with 

hyperinsulinaemic isoglycaemic glucose clamp, compared with treatment with CCB alone 

despite similar blood pressure reduction. The GDR was significantly higher after treatment 

with losartan 100 mg + amlodipine 5 mg compared to amlodipine 10 mg (4.9 ± 0.4 vs.        

4.2 ± 0.5 mg/kg/min, p-value=0.039) in hypertensives with other cardiovascular risk factors. 

Thus our data suggest that AT-1 receptor blockade with losartan improves glucose 

metabolism beneficially through mechanisms at the cellular level, beyond what can be 

expected by the vascular vasodilating effects and blood pressure reduction alone. 

7.3 Paper III 

No significant differences in adipokines, viscosity, inflammatory and fibrinolytic markers 

were found after treatment with losartan 100 mg + amlodipine 5 mg compared to treatment 

with amlodipine 10 mg. The difference in insulin sensitivity previously found after additional 

treatment with ARB compared with CCB alone is most likely caused by other mechanisms.  

7.4 Paper IV 

Plasma noradrenaline was significantly lower after additional treatment with ARB,             

304 ± 29 pg/ml after treatment with losartan 100 mg + amlodipine 5 mg compared to          

373 ± 43 pg/mL after treatment with amlodipine 10 mg (p-value=0.022). HRV, BRS or 

plasma adrenaline did not differ significantly between the two treatment regimens. The 

reduction seen in plasma noradrenaline may indicate a potential beneficial peripheral 

mechanism on the noradrenaline turnover. We think that improvement of insulin sensitivity 



46

and possible reduction in diabetes development by blockers of RAS may be related to the 

decreased plasma noradrenaline and potential sympatholytic effects. 

7.5 Paper V 

In the high-risk hypertensive VALUE population, patients with diabetes mellitus at baseline 

had higher cardiac morbidity and mortality than patients without diabetes. Also patients that 

developed diabetes during the average follow-up of 4.2 years of the trial had higher cardiac 

morbidity. This indicates that these patients who develop diabetes during antihypertensive 

treatment have cardiac morbidity intermediate between diabetics and never diabetics, and that 

it is of importance to find these patients at risk of diabetes development and optimise life style 

and medical treatment.  
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8. Discussion 

8.1 Methodological considerations 

8.1.1 Study subjects and methods 

8.1.1.1 The GOAAL study 

The acronym GOAAL was not used in the papers because we did not want to emphasise on a 

special generic drug, but on the ARB drug class as a whole. Patients in the GOAAL study 

were recruited due to being at special risk of developing diabetes mellitus. In a previous study 

from our group we found that open treatment with the ARB losartan for 6 weeks in patients 

with severe hypertension (untreated diastolic blood pressure (BP) 115 mmHg or treated >95 

mmHg) improved insulin sensitivity and reduced plasma noradrenaline significantly132.

However, in a follow-up randomised double-blind placebo-controlled crossover study, 

treatment of mildly hypertensive patients (office BP >140/95 mmHg or home diastolic BP > 

90 mmHg) with losartan for 4 weeks had neutral effect on insulin sensitivity133. Although, not 

an endpoint in the study, the authors found improvement of insulin sensitivity in the most 

insulin-resistant patients133. These results may be due to “regression towards the mean”, 

however we decided to investigate the effect of ARB treatment in patients at special risk of 

being insulin-resistant. Patients with glycaemic disarrangement like IGT or IFG are at risk of 

developing diabetes mellitus. Post-load hyperglycaemia reflects the acute increase in blood 

glucose after a glucose load and peripheral insulin sensitivity, whereas fasting blood glucose 

shows the glucose concentration after an overnight fast and reflects mostly hepatic glucose 

production. Other inclusion criteria in the GOAAL study were obesity and dys-lipidaemia, 

criteria often included in metabolic syndrome and known risk factors for diabetes 

development24.

 We used a crossover design with 8 weeks treatment-periods due to knowing the full 

antihypertensive effect of losartan is evident first after 6-8 weeks133. Since all the patients 

were moderate hypertensives and required antihypertensive medication, a placebo-controlled 

study was not an option. We used a CCB, amlodipine, as the comparator due to also being a 

vasodilator and to investigate if an ARB could have an effect beyond the vasodilating effect 

of a CCB. It would have been better to compare a CCB with ARB alone, but as all the patients 

were hypertensives in need of antihypertensive treatment, we did not find it ethical to take 

them off medication for the “run-in” and “wash-out” periods and the patients were therefore 

treated with open-label amlodipine 5 mg throughout the study. 
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Insulin sensitivity was measured using the hyperinsulinaemic glucose clamp. It’s 

considered to be the “gold standard” due to the direct measurement of the insulin effect to 

promote glucose utilisation60. In the early studies of insulin sensitivity from our group the 

blood sampling arm was warmed with a heating sleeve or cuff in order to arterialise venous 

blood for the estimation of arterial blood glucose (i.e. the stimulus to insulin secretion)133.

This manoeuvre gives higher blood glucose values and may affect the estimated glucose 

disposal, but it may also induce haemodynamic effects like systemic vasodilatation and reflex 

tachycardia that might have an effect on glucose metabolism, so in the latest studies from our 

group we have not used the heating cuff239. There is a lack of consensus regarding the optimal 

length of the glucose clamp, but 120 minutes clamp procedure is often used60, 61. The time to 

insulin action is slowed in obesity and non-insulin dependent diabetes mellitus240, and a 

shorter and less time-consuming clamp examination of our patients with obesity and risk of 

diabetes mellitus development may have influenced the results due to not reaching steady 

state before ending the clamp procedure and was not an option. 

Oral glucose tolerance test was not included in our study in order to minimise the 

strain on the recruited volunteers. If we had included an oral glucose tolerance test, the 

patients had to meet at the hospital on two separate days for each examination and we 

therefore chose to focus on the “gold standard”, the glucose clamp, for examination of insulin 

sensitivity.  

HOMA-IR analysis in a short- term study is questionable, but it has been included for 

the completeness of the results. We measured insulin in pmol/l and have therefore calculated 

HOMA as serum glucose (mmol/L) multiplied by serum insulin (pmol/l) and divided with 

135241, compared to dividing with 22.5 when insulin is measured in mU/L. This means that 

the values of HOMA-IR in our study can be compared with the HOMA-IR used in other 

studies measuring serum insulin in mU/L. 

Adipokines in the GOAAL study was investigated in venous blood samples, and 

possible differences in tissue (adipose and skeletal muscle tissue) in our patients cannot be 

ruled out. 

8.1.1.2 The VALUE trial 

The VALUE trial is a large multicentre trial including patients from more than 30 countries, 

and large trials have advantages and disadvantages. In trials like this there is a trade-off 

between number of variables included and making busy investigators able to cope with the 

registration schemes. National and local differences in investigation and treatment strategies 
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are also challenging. The patients were included according to the presence of predefined 

combinations of cardiovascular risk and disease factors, and this is due to the fact that most 

trials need high-risk patients to get enough endpoints to prove significance, but of course this 

may cause some limitations in the possibility to generalise. 

The primary endpoint in the VALUE trial was cardiac morbidity and mortality. 

However, new-onset diabetes was pre-specified as an endpoint in a study newsletter during 

the trial. The definition of diabetes was changed during the blinded phase of the trial to adhere 

with the WHO 1999 criteria24, and the investigators were encouraged to use the WHO 1999 

criteria when reporting diabetes mellitus and adverse events. We used three different 

databases to investigate new-onset diabetes in the VALUE trial (adverse events, antidiabetic 

drugs and a blood sample at study end). The patient could qualify with one, two or three 

criteria, but could only count once in the final database. By using three different databases the 

results were made more robust, however, in some patients the diagnosis were made on the 

basis of only one single blood sample at study end. On the contrary the baseline diagnosis of 

diabetes may also be on the basis of only one glucose value, and as known from the ELSA 

(European Lacidipine Study on Atherosclerosis) study a substantial proportion (42%) of the 

initial baseline diabetes mellitus diagnosis could no longer be confirmed at study end after 

average 3.8 years using the same criteria242. This indicates the vulnerability in the analysis 

using only one blood sample for the diabetes diagnosis, however this is a trade-off in large 

trials. 

There was a relatively high incidence of new-onset diabetes (3.1% per year) in the 

VALUE trial compared with other hypertension trials like ALPINE (2.3% per year)141,

ALLHAT (2.6% per year)139, CAPPP (1.1% per year)143, LIFE (1.5% per year)144, and 

NORDIL (1.0% per year)243. However, this can be related to different diagnosis criteria of 

new-onset diabetes, using the WHO 1985238 or the more strict WHO 199924 criteria for 

diabetes, and the high-risk population included in the VALUE trial. 

Investigation of cardiac outcomes in the patients with new-onset diabetes mellitus was 

a prespecified analysis in this prospective randomised trial, however, the analyses were by 

nature retrospective and analysed after the trial was ended. We included all clinical events 

during the trial period for the patients in the new-onset diabetes group; also events happened 

before the actual diagnosis of diabetes. This can be discussed, but was done due to knowing 

that the risk of cardiovascular disease is increased long before the clinical diagnosis of 

diabetes35.
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8.1.2 Statistics 

8.1.2.1 The GOAAL study 

Statistical analyses in the GOAAL study were performed using SPSS version for Windows 

(SPSS Inc., Chicago, Illinois, USA). The distribution of each data sample was tested for 

normality, and initial non-normally distributed variables were tested again for normality after 

natural logarithmic transformation. Based on this consideration, either parametric or non-

parametric statistical tests were used. Continuous variables were examined for statistical 

significance using paired sample t-test. Null hypotheses were rejected if the p-values were 

below 0.05. Data were given as mean values and their standard errors (SEM). 

In a crossover study the same group of patients are given both treatment regimens in 

sequence, and randomisation is used to determine the order in which the treatments are 

received. This means that the comparison between the treatments is “within-subjects” rather 

than “between-subjects”, and the sample size needed is smaller244. However, carry-over 

effects may appear with the crossover design meaning that the results obtained during the 

second treatment period are affected by what happened in the first period244. We therefore 

used a wash-out period of 4 weeks between the treatment periods. This may minimise carry-

over effects, but possible carry-over effects must still be considered in the results. One way to 

assess carry-over effects from the initial treatment period to the next is to compare the percent 

changes from baseline to the respective first and second treatment period. However, in our 

study we did not have insulin sensitivity (and most of the other endpoint parameters) at 

baseline. This design was chosen to minimise the stress on the patients and because 

differences in blood pressure must have been considered if baseline values were used, and 

would have made the analyses of baseline variables difficult. The results from baseline or visit 

1 are not homogenous as the patients then were untreated or treated with different anti-

hypertensives. However, baseline variables measured have been included in papers to better 

describe the study-population. 

Nine of the 17 patients who successfully completed two glucose clamp examinations 

were treated with amlodipine in their first crossover period, and GDR on amlodipine 10 mg 

treatment was the same for the patients randomised to this treatment in their first crossover 

period (4.2 ± 0.8 mg/kg/min, n = 9) and those randomised to this in the last crossover period 

(4.2 ± 0.6 mg/kg/min, n = 8). The GDR on losartan 100 mg + amlodipine 5 mg was 4.5 ± 0.4 

mg/kg/min in the patients given the losartan treatment regimen in the first crossover period, 

and 5.2 ± 0.6 mg/kg/min in the patients given the losartan treatment regimen in the second 
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crossover period. This indicates an effect of additional ARB treatment and no carry-over 

effect.  

There may also be a systematic difference between the two treatment periods in a 

crossover design e.g. observations in the second period may be lower (or higher) than those in 

the first period, regardless of treatment244.  No such “period effect” was seen in our study. 

One other disadvantage of the crossover design is that unsuccessful analyses or 

withdrawal, e.g. due to side-effects, exclude the patients from the analyses. This decreases the 

sample size and the statistical power, and unfortunately we lost four patients in the analysis of 

GDR due to technical problems during one of the two clamp procedures. The sample size of 

22 patients was made on calculations of expected difference in insulin sensitivity between the 

two treatment regimens based on previous studies133. And the sample size was not calculated 

based on secondary endpoints like adipokines, inflammatory markers, HRV and BRS. These 

analyses may be vulnerable for type II errors meaning that non-significant results may in fact 

be due to a too small sample size and lack of power, and not due to a true null hypothesis. In 

our analyses of adipokines and inflammatory variables there were consistent results with no 

difference between the treatment regimens (except maybe for adiponectin) so we concluded 

that there was no significant difference in these variables (Paper III). The sample size in our 

study was also comparable to previous studies on adipokines. The lack of significant 

difference in the HRV and BRS analyses may also be due to a type II error as retrospective 

power calculations according to the standard deviations in our HRV analyses estimated that 

we would have needed a sample of 30-200 patients to find significant differences in some of 

the different HRV analyses (Paper IV). 

8.1.2.2 The VALUE trial 

In the VALUE trial Statistical Analysis System (SAS Inc. Cary, North Carolina, USA) was 

used for all statistical analyses, and all tests were 2-sided, and the significance level was set at 

5%. Data are expressed as mean and their standard deviation (SD) for continuous variables 

and categorical variables are presented as frequencies and percent (%).  

Both univariate and multivariate logistic regression models were used to evaluate 

baseline demographic, risk and disease factors, baseline laboratory variables and prior 

antihypertensive medication that significantly predicted diabetes mellitus development (Paper 

I). Twenty-five potential baseline predictors of new-onset diabetes mellitus were identified in 

the trial database, and univariate logistic regression analyses were used to identity predictors 

with a significant p-value of below 0.05 and to calculate odds ratios for diabetes development. 
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Multivariate stepwise logistic regression analyses were used to further define significant 

baseline predictors in four different models. A stricter p-value was used in the multivariate 

analyses (p-value <0.001) than in the univariate analyses to get a simple model with the most 

important predictors of diabetes development. The results are presented as Chi-Square ( ²)

with correspondant odds ratios. An odds ratio > 1 indicates an increased risk of diabetes 

mellitus development, while an odds ratio <1.0 indicates reduced risk. We used the odds 

ratios from the final multivariate model and compared them to the univariate model to make 

sure that the results were consistent.  For example the odds ratio was 2.179 for baseline 

glucose in the univariate analysis vs. 2.106 in the final multivariate model, and this indicates 

consistency.   

To provide additional validation of the results from the multivariate stepwise model 

building, the patients with new-onset diabetes mellitus and those without were randomly split 

in two; a learning sample of 40% (3999) and a validation sample of 60% (5996) of the 

patients. The model building using multivariate stepwise logistic regression was then repeated 

on the learning sample with a significance criterion of p-value <0.05, and the identified model 

was then checked on the validation sample with a criterion of p-value <0.05.  

A Cox regression model for endpoints was used when analysing cardiac endpoints in 

the patients with baseline diabetes, new-onset diabetes and without diabetes (Paper V). The 

VALUE trial was an event driven trial, and patients in the trial have different numbers of 

years of follow-up. We were missing the exact dates for diagnosing new-onset diabetes (e.g. 

debut of adverse events or anti-diabetic drugs were reported without dates in 87 patients or 

6.7% of the total 1298 patients with new-onset diabetes) and in the database these patients 

with new-onset diabetes are assigned to have new-onset diabetes at randomisation date.  

In the primary analyses of cardiovascular endpoints we adjusted for pre-defined 

covariates (age, diabetes status, LVH, CHD and randomised study treatment). However, other 

known covariates were included in a secondary Cox regression model (baseline and in trial 

use of aspirin, statins, beta-blockers, diuretics, diuretics and beta-blocker combination, blood 

pressure, heart rate and sex). Pair-wise comparison between patients without diabetes and 

patients with diabetes at baseline as well as patients without diabetes and patients with new-

onset diabetes were performed with corresponding HRs, and the patients without diabetes 

mellitus both at baseline and at the end of the trial (never diabetes) were used as comparator. 

Event rates over time by the three groups were also presented as Kaplan-Meier curves.   

Given the overall large number of patients studied in the VALUE trial some results, 

although statistically significant, may not be clinically relevant. There may also be type I 
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errors meaning that the null hypothesis is rejected, i.e. a significant test result is demonstrated, 

when the null hypothesis in fact is true. However, as the results are consistent throughout 

different models of univariate and multivariate logistic regression analyses and after 

additional validation, the results are most likely to be reliable and robust (Paper I). As always, 

one should be cautious in interpreting results from regression analysis, which only 

demonstrates an association between the dependent and independent variables and does not 

necessarily imply a causal effect. 

8.2 General discussion 

8.2.1 Detection of hypertensives at high-risk for diabetes development 

Higher-than-optimum blood glucose is a leading cause of cardiovascular morbidity and 

mortality worldwide245, and it is of great importance to detect patients at risk of developing 

diabetes mellitus, as many remain unaware of their disease, and complications may develop 

before the actual diagnosis35, 43. Instead of a general screening for diabetes mellitus with blood 

glucose measurement of all patients, identifying subgroups with special risk may be cost-

efficient. In fact a survey from Great Britain has shown that screening for diabetes mellitus in 

general practice by measuring fasting blood glucose has a very low yield in low risk 

populations246. However, screening in high-risk populations may be cost-effective. Patients 

with assumed metabolic abnormalities, including those who are obese, hypertensive or have 

prevalent cardiovascular disease or a family history of diabetes may be of interest for further 

testing and different risk scores have been developed for these purposes e.g. Diabetes Risk 

Score247 (or FINDRISC248), Diabetes Risk Test249.

 In the VALUE trial including high risk hypertensive patients, investigation of 25 

baseline predictors showed that six easily accessible baseline predictors (glucose, BMI, non-

Caucasian race, low age, heart rate and history of CHD) were significant predictors of new-

onset diabetes mellitus in a multivariate model including all patients and excluding 

randomised treatment (Paper I). The randomised study treatment with amlodipine or valsartan 

was not included in the final chosen model due to making the model more general and better 

to use in other settings. 

Glucose at baseline was by far the most important risk factor for new-onset diabetes 

mellitus in all analyses and models used in our study, and this was not unexpectedly due to 

previous results33, 34. BMI was the next most important predictor of new-onset diabetes 

mellitus in all our analyses. Obesity and abdominal fat distribution are well-known risk 

factors for type 2 diabetes mellitus. The natural history of diabetes mellitus development may 



54

be exaggerated by obesity because elevated levels of free fatty acids may both directly impair 

peripheral glucose utilisation and increase hepatic gluconeogenesis250, and indirectly affect 

hepatic auto-regulation through altering hypothalamic sensing251. Altered secretion of 

adipokines from adipocytes or macrophages in fat tissue may be another mechanism involved 

in the dys-regulation between fatty tissue and glucose metabolism. Waist circumference may 

predict diabetes mellitus better than BMI, as BMI does not differ between fat and muscles and 

may overestimate obesity especially in young men37. However, BMI was the measurement of 

obesity in the VALUE trial and was a highly significant predictor of new-onset diabetes 

mellitus in both univariate and multivariate analyses. 

The prevalence of diabetes mellitus is increasing with age252, but in our VALUE trial 

population increasing age at baseline was associated with a lower risk of developing diabetes 

mellitus during the trial-period. We assume this is caused by selection, and the inclusion 

criteria inasmuch as only high-risk hypertensive patients above the age of 50 could qualify for 

the study, i.e. high-risk elderly hypertensives may by being survivors of long-standing 

hypertension without diabetes mellitus development, gradually lose the metabolic ability of 

the disease, and these elderly hypertensives may survive because they do not have the same 

underlying risk of metabolic disease as the younger hypertensives. Partially, this was also 

seen in the LIFE (Losartan Intervention For Endpoint) study144, 253 and in the recently 

published results from the ASCOT-BPLA (Anglo-Scandinavian Cardiac Outcomes Trial-

Blood Pressure Lowering Arm) study254. Epidemiological data included in the DECODE 

(Diabetes Epidemiology: Collaborative Analysis of Diagnostic Criteria in Europe) study have 

shown that fasting and post-load glucose values do not identify the same patients and are 

influenced differently by the aging process252. IFG prevalence tends to plateau in middle age, 

whereas the prevalence of IGT continues to increase also into older age25, 252. In our study we 

mainly defined diabetes mellitus according to fasting glucose values, which may be another 

explanation for the age-findings in VALUE and other trials144, 253, 254.

There are known differences in diabetic risk between races, and African Americans are 

known to have an elevated risk of diabetes mellitus compared with Caucasian29. In the 

VALUE trial most of the patients were Caucasian (91.1%), and patients that were non-

Caucasian (3.2% black, 3.4% oriental, 2.3% other races) developed more diabetes mellitus. 

Baseline heart rate was a significant predictor of new-onset diabetes mellitus in all our 

analyses except the multivariate analysis in model 4 (patients treated with amlodipine). These 

results suggest a possible sympathetic drive as an underlying pathophysiological mechanism 

for diabetes development, and a possible sympathetic effect of amlodipine may have 
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diminished the effect of heart rate as a predictor in the amlodipine-treated patients89, 195. A 

history of CHD was a significant predictor in both the univariate and multivariate model 

including all patients, but a previous history of cerebrovascular disease or peripheral arterial 

occlusive disease were not significant predictors in any of the analyses. This may be due to 

fewer patients included with these diseases or a different relationship between different risk 

factors and different cardiovascular diseases. Randomised study treatment was a highly 

significant predictor of new-onset diabetes mellitus, and treatment with the ARB valsartan 

reduced new-onset diabetes mellitus by an absolute 3% and a relative 23% compared with 

amlodipine in the VALUE trial137. However, we decided not to include study treatment in our 

final model due to making the model more general.  

In the LIFE study, 562 of the 7998 non-diabetic hypertensive patients with ECG-

documented LVH developed diabetes mellitus during the average follow-up of 4.8 years144.

LIFE was the first study that made use of the ability to analyse the appearance of new-onset 

diabetes mellitus in patients with different levels of risk and significant predictors of diabetes 

development from multivariate analyses were non-fasting glucose, BMI, HDL-cholesterol, 

systolic BP and prior use of antihypertensive drugs144. HDL-cholesterol was not studied as a 

predictor in the VALUE trial, and systolic BP was not a significant predictor in our univariate 

analyses. This is possibly due to the roll-over design in the VALUE trial which did not 

include a wash-out period without antihypertensive treatment, and thus lack “true” baseline 

BP values234, 235.

The recently published results from the ASCOT-BPLA showed that 1366 of the 14120 

patients "at risk" of developing diabetes subsequently developed diabetes during the median 

follow-up of 5.5 years254.  Increasing fasting plasma glucose, BMI, serum triglyceride and 

systolic BP were associated with diabetes development, while randomised treatment with the 

CCB amlodipine ± ACEI perindopril, high HDL-cholesterol, alcohol use and age were found 

to be protective factors against diabetes development254.  The most powerful predictor of new-

onset diabetes mellitus in the ASCOT-BPLA was as in the VALUE trial, glucose level which 

increased the risk of diabetes development 5.8-times (5.23-6.43) for each mmol/L rise of 

glucose above 5 mmol/L254.

In the CAPPP (Captopril Prevention Project) study glucose, BMI, haemoglobin, age, 

interaction between systolic BP and newly diagnosed hypertension, total-cholesterol and prior 

antihypertensive treatment were significant risk factors in a multivariate analysis143, 255. The 

CAPPP study included low-risk patients from only Sweden and Finland indicating a less 

general population than the VALUE trial. 
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In a 28-year follow-up of 754 hypertensive patients from Sweden, 148 patients 

(20.4%) developed diabetes and BMI, triglycerides and treatment with beta-blockers were 

independently and positively related to the diabetes development in a multivariate Cox 

regression analysis95.

Information about family history of diabetes mellitus and physical activity, diet, 

alcohol use, gestational diabetes, waist-hip-ratio, insulin, triglyceride and HDL-cholesterol 

levels, all well-known and strong risk factors for diabetes mellitus development, are not 

included in the VALUE database. On the other hand the baseline predictors found in our 

study can easily be evaluated and used by physicians in treating patients in daily practice. The 

VALUE trial included mainly Caucasian patients (91.1%), and this limits the possibility to 

generalise. The age- and gender-algorithm used for recruitment also limits the precision of 

using these two variables as completely reliable predictors. The investigators were urged to 

use the WHO 1999 definition of diabetes mellitus24, but we can not rule out some 

misclassification by the investigators. Large-scale randomised clinical trials are not designed 

to investigate pathophysiological issues and can only suggest possible mechanisms behind 

development of diabetes mellitus, but may generate hypothesis to be investigated in other 

studies. The proper validation of results like these is either by evaluating the risk factors in a 

prospective non-selected population based cohort or applying the results on other similar trial 

data (which is expensive and complicated from an administrative point of view due to 

different investigators and different pharmaceutical companies sponsoring other large trials), 

or to split the data into two halves using one for the model and the other for validation, which 

we have done in this context.    

However, the predictors for diabetes development found in the VALUE trial 

population might help in identifying patients at risk, and within the context of limited health 

care resources it is sensible to focus initially on those at the highest risk of developing 

diabetes, and these patients should receive the most effective investigations and interventions 

available. 

8.2.2 Possible mechanisms for improved insulin sensitivity and reduction of new-onset 

diabetes mellitus seen with blockers of RAS 

In the GOAAL study we found that in hypertensive patients treated with additional ARB 

losartan significantly improved insulin sensitivity as assessed by the glucose clamp technique, 

and there was also a trend towards lower values of HOMA-IR (Paper II). Insulin-mediated 

glucose uptake during the hyperinsulinaemic isoglycaemic glucose clamp occurs mainly in 
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skeletal muscle and is dependent on muscular blood flow60. Thus, an increase in blood flow 

induced by vasodilating drugs would be expected to increase glucose uptake. The observed 

effect in the GOAAL study was beyond the vascular effects and blood pressure reduction 

achieved by maximal calcium channel blockade with amlodipine as the blood pressure 

reduction was similar during the two treatment periods. This indicates a possible non-

haemodynamic effect of the AT1-receptor blocker explaining the improvement in insulin 

sensitivity. 

One hypothesis is that blockade of RAS may reduce the risk of diabetes development 

by stimulating proliferation and differentiation of pre-adipocytes into small insulin-sensitive 

adipocytes146. This prevents ectopic fat storage e.g. in liver, skeletal muscle, and pancreas, 

which is associated with insulin resistance. Skeletal muscle is responsible for most of the 

insulin stimulated glucose disposal and takes up significant quantities of plasma fatty acids for 

energy production (oxidation) or for storage in intracellular lipids57. Thus an elevation in 

circulating fatty acids in obese humans results in increased uptake and excess deposition of 

lipids within the muscle cell and aggravates insulin resistance. Reduced plasma adiponectin is 

strongly and independently associated with insulin resistance and type 2 diabetes 

development57, 148. We also found that adiponectin concentrations in our patients correlated 

well with insulin sensitivity as measured with the hyperinsulinaemic isoglycaemic glucose 

clamp, and this was the only investigated adipokine with a significant correlation with insulin 

sensitivity after both treatment periods. However, no significant differences were found in 

adipokines between the two treatment regimens, and the reason may be due to the limited 

number of patients included in our study and a possible type II error. We also compared two 

active treatment regimens in our study, and this may have diminished a possible effect of 

RAS-blockade. To our knowledge the effect on adipokines between CCB and ARBs has not 

previously been investigated in a crossover design.

Subclinical chronic low-grade inflammation has been suggested to have a role in 

insulin resistance and development of type 2 diabetes mellitus, and correlation between pro-

inflammatory biomarkers (CRP, IL-6 and TNF- ) and glucose dys-regulation, obesity and 

atherosclerosis has been shown256. No significant difference was seen in these parameters in 

the GOAAL study, but this may be due to a too small sample size to detect these possible 

differences during only 8 weeks treatment. Reduced fibrinolytic activity has also been 

associated with abdominal obesity and insulin resistance257, but no significant difference in 

the PAI-1 activity was seen between our two treatment regimens.  
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We observed a consistent trend towards lower viscosity as vasodilatory treatment was 

intensified (baseline-amlodipine 5 mg-amlodipine 10 mg- losartan 100 mg + amlodipine 5 

mg). Previous studies from our group have shown that WBV is negatively related to insulin 

sensitivity231, but no significant difference in WBV and correlation with the improved insulin 

sensitivity was found between the two treatment regimens in the GOAAL study. The 

difference in WBV found from baseline and open-label amlodipine 5 mg treatment to 

treatment with both amlodipine 10 mg and losartan 100 mg + amlodipine 5 mg is probably 

related to the reduction in blood pressure, but also a significant reduction in haemoglobin 

level seen from baseline and open-label treatment to the treatment regimen with losartan may 

explain the reduced viscosity.  

 The relationship between glucose intolerance and hypokalaemia has been known for 

decades and was originally proposed by Conn to explain the apparent diabetic state found in 

primary aldosteronism103. The insulin secretory response of pancreatic -cells to glucose is 

known to be decreased during hypokalaemia258, and prevention of hypokalaemia after 

treatment with ACEIs or ARBs may explain the improvement of insulin sensitivity and the 

lower risk of diabetes development seen with these drugs. However, no significant difference 

in measured potassium was seen in the GOAAL study after additional ARB treatment, but this 

may of course again be related to power of the study and potential type II error.

 The difference in insulin sensitivity seen in our study may be due to different effects 

on the sympathetic-parasympathetic balance by our two treatment regimens. Our findings of 

significant lower venous plasma noradrenaline levels after additional ARB treatment with 

losartan support this assumption. According to the hypothesis of Julius et al.68, enhanced 

sympathetic activity is the primary factor to be associated with hypertension, insulin 

resistance and possibly obesity. Sympathetic stimulation can cause insulin resistance, and 

insulin resistance can reciprocate sympathetic stimulation, and a vicious cycle evolves in 

which the components reinforce each other68. Enhanced sympathetic tone can cause 

peripheral insulin resistance by -adrenergic stimulation259, by conversion to more fast-twitch 

insulin-resistant muscle fibres260, by decreased capillary density198 and/or by -adrenergic 

vasoconstriction89, 261-263. As treatment with the CCB amlodipine has shown to increase 

sympathetic activity in some previous studies112, 204, 264-267 and blockers of RAS may reduce 

sympathetic activation9, an effect on the SNS may be a plausible explanation for our results. 

However, no significant differences were seen in HRV, BRS or plasma adrenaline. Other 

studies have also shown that an increase in noradrenaline concentration with amlodipine is not 

associated with an increase in adrenaline levels265, suggesting that there is a clear dissociation 
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between the activation of sympathetic nerves and of the adrenal medulla. Although, no 

significant differences in HRV and BRS after treatment with an ARB in our study-population; 

there was a trend towards higher HF (representing vagal tone), and a lower LF (representing 

sympathetic with vagal tone), and therefore a lower LF/HF spectral power ratio measured, 

suggesting a shift in the sympatovagal balance towards less sympathetic drive after treatment 

with an ARB. It has been suggested that abnormalities in cardiac parasympathetic regulation 

precede impairment of blood vessel sympathetic control268, and as we expected differences 

primarily in the SNS this may be one explanation why we did not find an effect on HRV and 

BRS in a short time study like this. It is also possible that a potential effect of the ARB 

treatment was attenuated by the sympathetic activation induced by the open label CCB 

amlodipine.  

There are other possible mechanisms for the improved insulin sensitivity and the 

reduced new-onset diabetes mellitus seen with blockers of RAS, which are not investigated in 

our study. Endothelial dysfunction and microvascular changes may affect insulin sensitivity, 

and endothelial dysfunction is common in patients with essential hypertension269. RAS 

blockade with ACEIs or ARBs has improved endothelial dysfunction and microcirculation in 

hypertensives253, 270, 271 and may be one other reason for the reduction seen in diabetes 

development after treatment with these drugs. Reduction of angiotensin II’s potential toxic 

effects on pancreatic islet morphology and blood supply is another alternative mechanism272, 

273. It has also been reported that the ARB telmisartan has partial PPAR-  agonistic effects in 

concentrations achievable with oral doses recommended for treatment with hypertension55, 172.

This suggests an insulin-sensitising effect of at least telmisartan like the antidiabetic drugs 

thiazolidinediones. The ARB losartan used in the GOAAL study has two active metabolites; 

EXP3174 is the main antihypertensive metabolite and EXP3179 has a more unknown role274.

It has recently been shown that the metabolite EXP3179 induce partial PPAR-  activation in 

vitro, which may explain the beneficial metabolic effects of losartan observed274. However, to 

my knowledge no clinical studies have reported PPAR-  effects after losartan treatment in 

recommended antihypertensive doses172, 274. Possible mechanisms for this insulin-sensitising 

ability by ARBs may be through augment in the number of the glucose transporter GLUT-4 

and energy metabolism in adipose tissue and peripheral tissue275, 276. These intracellular 

mechanisms including cell culturing have not been investigated in the GOAAL study. A 

possible insulin-sensitising effect of ACEIs mediated through increased bradykinin levels has 

also been suggested277, however this may not be the sole explanation of the beneficial effect 

of RAS blockers as ARBs (without bradykinin-effects) also have shown effects on insulin 
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sensitivity and reduction in diabetes development. Recently in a systematic review by 

Matchar et al.278, the authors compared the effectiveness of ACEIs and ARBs in treating 

hypertension and concluded that ACEIs and ARBs, with exception of cough, do not have 

clinically meaningful differences in benefits or harms including diabetes development. Figure 

5 summarises some of the possible mechanisms for reduction in new-onset diabetes mellitus 

seen with RAS blockers. The anti-diabetic mechanism is probably complex, but based on our 

results a possible effect on the SNS is our main hypothesis. 

Figure 5: Possible mechanisms for preventing diabetes mellitus with ARBs  

(Modified from Aksnes TA et al.”The role of ARBs in the management of hypertension” One 
Way Publishing, 2006:41) 
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8.2.3 Diabetes development in hypertension - does it matter? 

Quantification of the total health effects of diabetes mellitus and diabetes development is 

complicated. Diabetic patients often have and die of other diseases, especially cardiovascular 

diseases, and this may not be registered in e.g. epidemiological studies using only mortality 

rates. Patients with diabetes mellitus also often have other risk factors, which complicate the 

picture. The risk of cardiovascular morbidity and mortality also increases continuously with 

increasing blood glucose concentration and a diagnostic threshold of diabetes may be looked 
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upon as arbitrary279, 280. It has been suggested that treatment-related new-onset diabetes 

mellitus may not have the same adverse prognostic effect as “spontaneously” occurring 

diabetes. This view has been based on the apparent “innocent” nature of new-onset diabetes as 

there has not been seen any strong association between the incidence of new-onset diabetes 

and an excess risk of hard endpoints in trials92, 139, 281. However, cardiovascular complications 

due to new-onset diabetes may first develop long after the follow-up period, and these 

randomised clinical trials have not been designed for these purposes35, 40. In our results, 

despite the short time of observation, we found a significantly increased risk of cardiac 

morbidity in patients with new-onset diabetes mellitus compared to patients without diabetes 

during the average 4.2-years of follow-up in our pre-specified analyses282 (Paper V). Patients 

with diabetes at baseline had as expected the highest cardiac morbidity and mortality rates, 

but the patients with new-onset diabetes also had increased cardiac morbidity defined as 

myocardial infarction and heart failure, compared to patients without diabetes mellitus.  

 There was especially an increase in heart failure in the patients with diabetes compared 

to the patients without diabetes, both baseline and new-onset diabetes. Possible mechanisms 

may be more coronary heart disease and diabetic microangiopathy or cardiomyopathy in these 

patients. Another hypothesis may be that this is related to more atrial fibrillation in this high-

risk patient group282. Also increased glucose levels below the threshold of the diabetes 

diagnosis may increase the risk of heart failure. For example in the 

ONTARGET/TRANSCEND trials a 1 mmol/L higher fasting plasma glucose predicted a 

1.10-fold-increased risk of hospitalisation for congestive heart failure (1.09-1.12, p-

value<0.0001)283. It has been hypothesised that prediabetic individuals might have an 

atherogenic pattern of risk factors even before the onset of clinical diabetes, thereby 

explaining the relative lack of an association of macrovascular complications with either 

glycaemic severity or disease duration43. However, the concept of “prediabetic” is also 

controversial in itself as it is only provable in retrospective analyses284.

 There was an increased event rate of stroke in the patients with diabetes at baseline, 

but no difference in stroke was found between patients with new-onset diabetes and patients 

without diabetes in the VALUE trial (Paper V). In the 28-year Swedish follow-up study of 

hypertensives, the risk of stroke was significantly higher in patients with diabetes at entry, 

whereas this was not the case in patients who developed diabetes mellitus during the first 10 

years of follow-up95. However, in multivariate regression analyses the development of 

diabetes mellitus during the whole study was significantly associated with an increased 
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relative risk of stroke of 67% (1.1-2.6, p-value<0.05), indicating it may take time before the 

increased risk of stroke is showing. 

 Somewhat unexpected we found decreased over-all and cardiac mortality in the 

patients with new-onset diabetes compared to the patients without diabetes (Paper V). This is 

probably due to statistical issues as it is difficult to assess mortality in the patient group with 

new-onset diabetes mellitus in our study because by definition fatal event in this group could 

only occur after the time of the diabetes diagnosis. This makes it difficult to compare 

mortality rate with the other two groups (baseline diabetics and never diabetics), where deaths 

could be counted throughout the trial. This short duration of follow-up and the limited number 

of events in the new-onset diabetes population (e.g. only 20 cardiac deaths registered in the 

new-onset diabetes group) makes the results vulnerable for chance findings. On the other 

hand when looking at these observational data, more aggressive treatment was reserved by the 

VALUE investigators to the patients with new-onset diabetes (more aspirin, beta-blockers, 

diuretics and statins), and this intensive treatment of cardiovascular risk factors may also has 

reduced mortality.  

Long-term observational studies have shown higher incidence of cardiovascular 

complication in patients having developed diabetes during antihypertensive treatment 

(predominantly with diuretics and/or beta-blockers)32, 93, 95, 285, 286. However, in the 14-year 

follow up of the SHEP-study newly occurring diabetes among actively treated patients (the 

diuretic chlorthalidone plus eventually the beta-blocker atenolol) was not associated with 

increased mortality98. These long-term results were retrospective, achieved in elderly patients 

and the authors used an administrative database to adjudicate vital status and cause of death, 

which may diminish the impact of the results. The SHEP-study was also placebo-controlled 

and the results can also be interpreted as a favourable effect of better blood pressure control 

per se and indicates that any treatment is better than no treatment or control, even when a non-

metabolically optimal therapy is used. In a post-hoc analysis from the ALLHAT study a 

significant increased HR of 1.64 (1.15-2.33) for coronary heart disease was found in patients 

with incident diabetes, but no significant effects on mortality and other endpoints were 

found97. Potential adverse metabolic effects of diuretics and beta-blockers may partly offset 

the beneficial effects of blood pressure reduction on overall cardiovascular risk reduction. To 

ensure maximal cardiovascular protection to hypertensive patients, it seems essential to 

clarify the cardiovascular risk associated with new-onset diabetes mellitus as done in the 

VALUE trial.  
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The VALUE trial has some limitations when evaluating the impact of new-onset 

diabetes. All the patients are hypertensives with a relatively high cardiovascular risk, and the 

patients were of mainly Caucasian origin. This limits the possibility to generalise and caution 

is needed when extrapolating from our results into other ethnic groups. The mortality data 

must be evaluated with caution as we have included all clinical events during the trial period 

for the patients in the pre-specified new-onset diabetes group; also events happened before the 

actual diagnosis of new-onset diabetes. This was done due to knowing that the risk of 

cardiovascular disease is increased long before the clinical diagnosis of diabetes35.

8.3 Future perspectives 

In view of the predicted increase in the number of diabetic patients during the coming 

decades287, it is of great importance from both a medical and an economical perspective to 

reduce the healthcare burden with focus on prevention, early detection and treatment of both 

the glycaemia and co-morbidities. Many patients with type 2 diabetes mellitus are unknown 

of their risk, and their diabetes diagnosis. Blood glucose can rise to diabetic levels with little 

or no symptoms, and the hyperglycaemia may already at the time of the diabetes diagnosis 

have made great microvascular and macrovascular damage. Hypertensive patients have a 

special risk of diabetes development, and must be treated as high-risk patients. In the context 

of clinical trials the development of diabetes mellitus is often treated as a yes-no variable, 

defined by which side of the glucose diagnostic threshold each subject ends up. However, the 

important task is not only to provide that fewer patients are “crossing the line” into diabetes, 

but to find methods to slowing the rate of the failing pancreatic -cell and the atherogenetic 

process in high-risk patients. Lifestyle changes with a combination of appropriate diet, 

exercise and abstinence from smoking could substantially lower the risk of both hypertension 

and diabetes development36, 51, 52, 288. Good blood pressure control and optimising other 

cardiovascular risk factors may also reduce the total risk of the patients. Patients with 

hypertension have a high total cardiovascular risk, and it’s of importance to prevent 

development of diabetes and the accelerated risk of atherosclerosis. Avoidance of medication 

that could cause weight gain, impair weight loss and/or impair insulin sensitivity or glucose 

tolerance may be important in high-risk patients. RAS blockers have shown promising results 

in preventing or at least postponing the diabetes development, and may improve glycaemic 

control and insulin resistance. However, more research is needed to determine the effect and 

possible mechanisms.
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9. Conclusions 

The main conclusions in the present work can be summarised as follows: 

• Easily accessible predictors can identify hypertensive patients at risk of developing 

type 2 diabetes mellitus. Blood glucose and BMI are the most important predictors. 

• Antihypertensive treatment with additional AT1-receptor blockade can improve 

insulin sensitivity compared to treatment with CCBs in patients with hypertension and 

other cardiovascular risk factors. 

• No significant differences were found in adipokines, inflammatory variables and 

whole blood viscosity after additional treatment of hypertensive patients with AT-1 

receptor blockade compared to treatment with CCB alone. 

• One possible mechanism for the improved insulin sensitivity by AT1-receptor 

blockade may be effects on the sympathetic nervous system. 

• High risk hypertensive patients who developed diabetes mellitus had increased cardiac 

morbidity – increased risk of myocardial infarction and heart failure - compared with 

patients that did not develop diabetes mellitus. 



65

10. References 

1. Messerli FH, Williams B, Ritz E. Essential hypertension. Lancet 2007; 

370(9587):591-603. 

2. MacMahon S, Peto R, Cutler 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(8692):765-774. 

3. Mancia G, De Backer G, Dominiczak A et al. 2007 Guidelines for the Management of 

Arterial Hypertension: The Task Force for the Management of Arterial Hypertension 

of the European Society of Hypertension (ESH) and of the European Society of 

Cardiology (ESC). J Hypertens 2007; 25(6):1105-1187. 

4. Lewington S, Clarke R, Qizilbash N, Peto R, Collins R, 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(9349):1903-1913. 

5. NICE/BHS: NICE/BHS hypertension guidelines. National Institute for Health and 

Clinical Excellence (NICE) website 2006; 

http://www.nice.org.uk/guidance/index.jsp?action=download&o=30117.  

6. Chobanian AV, Bakris GL, Black HR et al. Seventh report of the Joint National 

Committee on Prevention, Detection, Evaluation, and Treatment of High Blood 

Pressure. Hypertension 2003; 42(6):1206-1252. 

7. Rosendorff C, Black HR, Cannon CP et al. Treatment of hypertension in the 

prevention and management of ischemic heart disease: a scientific statement from the 

American Heart Association Council for High Blood Pressure Research and the 

Councils on Clinical Cardiology and Epidemiology and Prevention. Circulation 2007; 

115(21):2761-2788. 

8. Oparil S, Zaman MA, Calhoun DA. Pathogenesis of hypertension. Ann Intern Med 

2003; 139(9):761-776. 

9. Grassi G. Renin-angiotensin-sympathetic crosstalks in hypertension: reappraising the 

relevance of peripheral interactions. J Hypertens 2001; 19(10):1713-1716. 

10. Cowley AW Jr., Roman RJ. The role of the kidney in hypertension. JAMA 1996; 

275(20):1581-1589. 



66

11. Parati G, Di Rienzo M, Ulian L et al. Clinical relevance blood pressure variability. J 

Hypertens Suppl 1998; 16(3):S25-S33. 

12. Chapleau MW, Li Z, Meyrelles SS, Ma X, Abboud FM. Mechanisms determining 

sensitivity of baroreceptor afferents in health and disease. Ann N Y Acad Sci 2001; 

940:1-19.

13. Sorrentino MJ. Turning up the heat on hypertension. It's time to be more aggressive in 

finding and treating this silent killer. Postgrad Med 1999; 105(5):82-93. 

14. Ezzati M, Lopez AD, Rodgers A, Vander HS, Murray CJ. Selected major risk factors 

and global and regional burden of disease. Lancet 2002; 360(9343):1347-1360. 

15. Kannel WB. Risk stratification in hypertension: new insights from the Framingham 

Study. Am J Hypertens 2000; 13(1 Pt 2):3S-10S. 

16. Cutler JA, Follmann D, Allender PS. Randomized trials of sodium reduction: an 

overview. Am J Clin Nutr 1997; 65(2 Suppl):643S-651S. 

17. Whelton PK, He J, Cutler JA et al. Effects of oral potassium on blood pressure. Meta-

analysis of randomized controlled clinical trials. JAMA 1997; 277(20):1624-1632. 

18. Whelton SP, Chin A, Xin X, He J. Effect of aerobic exercise on blood pressure: a 

meta-analysis of randomized, controlled trials. Ann Intern Med 2002; 136(7):493-503. 

19. Xin X, He J, Frontini MG, Ogden LG, Motsamai OI, Whelton PK. Effects of alcohol 

reduction on blood pressure: a meta-analysis of randomized controlled trials. 

Hypertension 2001; 38(5):1112-1117. 

20. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of diabetes: 

estimates for the year 2000 and projections for 2030. Diabetes Care 2004; 27(5):1047-

1053.

21. Narayan KM, Boyle JP, Thompson TJ, Sorensen SW, Williamson DF. Lifetime risk 

for diabetes mellitus in the United States. JAMA 2003; 290(14):1884-1890. 

22. Stene LC, Midthjell K, Jenum AK et al. Hvor mange har diabetes mellitus i Norge? 

(Prevalence of diabetes mellitus in Norway). Tidsskr Nor Laegeforen 2004; 

124(11):1511-1514. 

23. Rydén L, Standl E, Bartnik M et al. Guidelines on diabetes, pre-diabetes, and 

cardiovascular diseases: full text. The Task Force on Diabetes and Cardiovascular 

Diseases of the European Society of Cardiology (ESC) and of the European 

Association for the Study of Diabetes (EASD). Eur Heart J Suppl 2007; 9(Supplement 

C):C3-C74. 



67

24. Alberti KG, Zimmet PZ. Definition, diagnosis and classification of diabetes mellitus 

and its complications. Part 1: diagnosis and classification of diabetes mellitus 

provisional report of a WHO consultation. Diabet Med 1998; 15(7):539-553. 

25. Unwin N, Shaw J, Zimmet P, Alberti KG. Impaired glucose tolerance and impaired 

fasting glycaemia: the current status on definition and intervention. Diabet Med 2002; 

19(9):708-723. 

26. Tominaga M, Eguchi H, Manaka H, Igarashi K, Kato T, Sekikawa A. Impaired 

glucose tolerance is a risk factor for cardiovascular disease, but not impaired fasting 

glucose. The Funagata Diabetes Study. Diabetes Care 1999; 22(6):920-924. 

27. Barr EL, Zimmet PZ, Welborn TA et al. Risk of cardiovascular and all-cause mortality 

in individuals with diabetes mellitus, impaired fasting glucose, and impaired glucose 

tolerance: the Australian Diabetes, Obesity, and Lifestyle Study (AusDiab). 

Circulation 2007; 116(2):151-157. 

28. Sattar N, Gaw A, Scherbakova O et al. Metabolic syndrome with and without C-

reactive protein as a predictor of coronary heart disease and diabetes in the West of 

Scotland Coronary Prevention Study. Circulation 2003; 108(4):414-419. 

29. Lipton RB, Liao Y, Cao G, Cooper RS, McGee D. Determinants of incident non-

insulin-dependent diabetes mellitus among blacks and whites in a national sample. 

The NHANES I Epidemiologic Follow-up Study. Am J Epidemiol 1993; 138(10):826-

839.

30. Resnick HE, Valsania P, Halter JB, Lin X. Differential effects of BMI on diabetes risk 

among black and white Americans. Diabetes Care 1998; 21(11):1828-1835. 

31. Medalie JH, Papier CM, Goldbourt U, Herman JB. Major factors in the development 

of diabetes mellitus in 10,000 men. Arch Intern Med 1975; 135(6):811-817. 

32. Verdecchia P, Reboldi G, Angeli F et al. Adverse prognostic significance of new 

diabetes in treated hypertensive subjects. Hypertension 2004; 43(5):963-969. 

33. Stern MP, Williams K, Haffner SM. Identification of persons at high risk for type 2 

diabetes mellitus: do we need the oral glucose tolerance test? Ann Intern Med 2002; 

136(8):575-581.

34. Tirosh A, Shai I, Tekes-Manova D et al. Normal fasting plasma glucose levels and 

type 2 diabetes in young men. N Engl J Med 2005; 353(14):1454-1462. 

35. Hu FB, Stampfer MJ, Haffner SM, Solomon CG, Willett WC, Manson JE. Elevated 

risk of cardiovascular disease prior to clinical diagnosis of type 2 diabetes. Diabetes 

Care 2002; 25(7):1129-1134. 



68

36. Hu FB, Manson JE, Stampfer MJ et al. Diet, lifestyle, and the risk of type 2 diabetes 

mellitus in women. N Engl J Med 2001; 345(11):790-797. 

37. Wei M, Gaskill SP, Haffner SM, Stern MP. Waist circumference as the best predictor 

of noninsulin dependent diabetes mellitus (NIDDM) compared to body mass index, 

waist/hip ratio and other anthropometric measurements in Mexican Americans – A 7-

year prospective study. Obes Res 1997; 5(1):16-23. 

38. Stevens J, Couper D, Pankow J et al. Sensitivity and specificity of anthropometrics for 

the prediction of diabetes in a biracial cohort. Obes Res 2001; 9(11):696-705. 

39. Janiszewski PM, Janssen I, Ross R. Does waist circumference predict diabetes and 

cardiovascular disease beyond commonly evaluated cardiometabolic risk factors? 

Diabetes Care 2007; 30(12):3105-3109. 

40. Howard BV, Rodriguez BL, Bennett PH et al. Prevention Conference VI: Diabetes 

and Cardiovascular disease: Writing Group I: epidemiology. Circulation 2002; 

105(18):e132-e137. 

41. Conen D, Ridker PM, Mora S, Buring JE, Glynn RJ. Blood pressure and risk of 

developing type 2 diabetes mellitus: the Women's Health Study. Eur Heart J 2007; 

28(23):2937-2943. 

42. Gress TW, Nieto FJ, Shahar E, Wofford MR, Brancati FL. Hypertension and 

antihypertensive therapy as risk factors for type 2 diabetes mellitus. Atherosclerosis 

Risk in Communities Study. N Engl J Med 2000; 342(13):905-912. 

43. Haffner SM, Stern MP, Hazuda HP, Mitchell BD, Patterson JK. Cardiovascular risk 

factors in confirmed prediabetic individuals. Does the clock for coronary heart disease 

start ticking before the onset of clinical diabetes? JAMA 1990; 263(21):2893-2898. 

44. Malmberg K, Rydén L, Wedel H et al. Intense metabolic control by means of insulin 

in patients with diabetes mellitus and acute myocardial infarction (DIGAMI 2): effects 

on mortality and morbidity. Eur Heart J 2005; 26(7):650-661. 

45. Norhammar A, Malmberg K, Diderholm E et al. Diabetes mellitus: the major risk 

factor in unstable coronary artery disease even after consideration of the extent of 

coronary artery disease and benefits of revascularization. J Am Coll Cardiol 2004; 

43(4):585-591. 

46. Haffner SM, Lehto S, Ronnemaa T, Pyorala K, Laakso M. Mortality from coronary 

heart disease in subjects with type 2 diabetes and in nondiabetic subjects with and 

without prior myocardial infarction. N Engl J Med 1998; 339(4):229-234. 



69

47. Hu FB, Stampfer MJ, Solomon CG et al. The impact of diabetes mellitus on mortality 

from all causes and coronary heart disease in women: 20 years of follow-up. Arch 

Intern Med 2001; 161(14):1717-1723. 

48. Juutilainen A, Lehto S, Ronnemaa T, Pyorala K, Laakso M. Type 2 diabetes as a 

"coronary heart disease equivalent": an 18-year prospective population-based study in 

Finnish subjects. Diabetes Care 2005; 28(12):2901-2907. 

49. Stamler J, Vaccaro O, Neaton JD, Wentworth D. Diabetes, other risk factors, and 12-

yr cardiovascular mortality for men screened in the Multiple Risk Factor Intervention 

Trial. Diabetes Care 1993; 16(2):434-444. 

50. Hu G, Jousilahti P, Tuomilehto J. Joint effects of history of hypertension at baseline 

and type 2 diabetes at baseline and during follow-up on the risk of coronary heart 

disease. Eur Heart J 2007; 28(24):3059-3066. 

51. Knowler WC, Barrett-Connor E, Fowler SE et al. Reduction in the incidence of type 2 

diabetes with lifestyle intervention or metformin. N Engl J Med 2002; 346(6):393-403. 

52. Tuomilehto J, Lindström J, Eriksson JG et al. Prevention of type 2 diabetes mellitus 

by changes in lifestyle among subjects with impaired glucose tolerance. N Engl J Med 

2001; 344(18):1343-1350. 

53. 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(7160):703-713. 

54. Berry C, Tardif JC, Bourassa MG. Coronary heart disease in patients with diabetes: 

part I: recent advances in prevention and noninvasive management. J Am Coll Cardiol 

2007; 49(6):631-642. 

55. Benson SC, Pershadsingh HA, Ho CI et al. Identification of telmisartan as a unique 

angiotensin II receptor antagonist with selective PPARgamma-modulating activity. 

Hypertension 2004; 43(5):993-1002. 

56. Elliott WJ, Meyer PM. Incident diabetes in clinical trials of antihypertensive drugs: a 

network meta-analysis. Lancet 2007; 369(9557):201-207. 

57. Dyck DJ, Heigenhauser GJ, Bruce CR. The role of adipokines as regulators of skeletal 

muscle fatty acid metabolism and insulin sensitivity. Acta Physiol (Oxf) 2006; 

186(1):5-16. 

58. Henriksen EJ. Improvement of insulin sensitivity by antagonism of the renin-

angiotensin system. Am J Physiol Regul Integr Comp Physiol 2007; 293(3):R974-

R980.



70

59. Mancia G, Bousquet P, Elghozi JL et al. The sympathetic nervous system and the 

metabolic syndrome. J Hypertens 2007; 25(5):909-920. 

60. DeFronzo RA, Tobin JD, Andres R. Glucose clamp technique: a method for 

quantifying insulin secretion and resistance. Am J Physiol 1979; 237(3):E214-E223. 

61. Scheen AJ, Paquot N, Castillo MJ, Lefebvre PJ. How to measure insulin action in vivo. 

Diabetes Metab Rev 1994; 10(2):151-188. 

62. Ferrannini E, Mari A. How to measure insulin sensitivity. J Hypertens 1998; 

16(7):895-906. 

63. Sowers JR. Insulin resistance and hypertension. Am J Physiol Heart Circ Physiol 

2004; 286(5):H1597-H1602. 

64. Ginsberg HN. Insulin resistance and cardiovascular disease. J Clin Invest 2000; 

106(4):453-458.

65. Toft I, Bønaa KH, Jenssen T. Insulin resistance in hypertension is associated with 

body fat rather than blood pressure. Hypertension 1998; 32(1):115-122. 

66. Reaven GM, Lithell H, Landsberg L. Hypertension and associated metabolic 

abnormalities – The role of insulin resistance and the sympathoadrenal system. N Engl 

J Med 1996; 334(6):374-381. 

67. Landsberg L. Insulin-mediated sympathetic stimulation: role in the pathogenesis of 

obesity-related hypertension (or, how insulin affects blood pressure, and why). J 

Hypertens 2001; 19(3 Pt 2):523-528. 

68. Julius S, Valentini M, Palatini P. Overweight and hypertension : a 2-way street? 

Hypertension 2000; 35(3):807-813. 

69. Reaven GM. Banting lecture 1988. Role of insulin resistance in human disease. 

Diabetes 1988; 37(12):1595-1607. 

70. Kylin E. Studien über das Hypertonie-Hyperglykämie-Hyperurikämiesyndrom. 

Zentralblatt für Innere Medizin 1923; 7:105-127. 

71. Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome. Lancet 2005; 

365(9468):1415-1428. 

72. Lakka HM, Laaksonen DE, Lakka TA et al. The metabolic syndrome and total and 

cardiovascular disease mortality in middle-aged men. JAMA 2002; 288(21):2709-

2716.

73. Isomaa B, Almgren P, Tuomi T et al. Cardiovascular morbidity and mortality 

associated with the metabolic syndrome. Diabetes Care 2001; 24(4):683-689. 



71

74. Resnick HE, Jones K, Ruotolo G et al. Insulin resistance, the metabolic syndrome, and 

risk of incident cardiovascular disease in nondiabetic american indians: the Strong 

Heart Study. Diabetes Care 2003; 26(3):861-867. 

75. Mancia G, Bombelli M, Corrao G et al. Metabolic syndrome in the Pressioni Arteriose 

Monitorate E Loro Associazioni (PAMELA) study: daily life blood pressure, cardiac 

damage, and prognosis. Hypertension 2007; 49(1):40-47. 

76. Balkau B, Charles MA. Comment on the provisional report from the WHO 

consultation. European Group for the Study of Insulin Resistance (EGIR). Diabet Med 

1999; 16(5):442-443. 

77. National Cholesterol Education Program (NCEP) Expert Panel on Detection, 

Evaluation, and Treatment of High Blood Cholesterol in Adults. Third Report of the 

National Cholesterol Education Program (NCEP) Expert Panel on Detection, 

Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment 

Panel III) final report. Circulation 2002; 106(25):3143-3421. 

78. Grundy SM, Cleeman JI, Daniels SR et al. Diagnosis and management of the 

metabolic syndrome: an American Heart Association/National Heart, Lung, and Blood 

Institute Scientific Statement. Circulation 2005; 112(17):2735-2752. 

79. Alberti KG, Zimmet P, Shaw J. International Diabetes Federation: a consensus on 

Type 2 diabetes prevention. Diabet Med 2007; 24(5):451-463. 

80. Einhorn D, Reaven GM, Cobin RH et al. American College of Endocrinology position 

statement on the insulin resistance syndrome. Endocr Pract 2003; 9(3):237-252. 

81. Kannel WB, Wilson PW, Zhang TJ. The epidemiology of impaired glucose tolerance 

and hypertension. Am Heart J 1991; 121(4 Pt 2):1268-1273. 

82. Meigs JB, O'Donnell CJ, Tofler GH et al. Hemostatic markers of endothelial 

dysfunction and risk of incident type 2 diabetes: the Framingham Offspring Study. 

Diabetes 2006; 55(2):530-537. 

83. Festa A, D'Agostino R Jr., Tracy RP, Haffner SM. Elevated levels of acute-phase 

proteins and plasminogen activator inhibitor-1 predict the development of type 2 

diabetes: the insulin resistance atherosclerosis study. Diabetes 2002; 51(4):1131-1137. 

84. Pradhan AD, Ridker PM. Do atherosclerosis and type 2 diabetes share a common 

inflammatory basis? Eur Heart J 2002; 23(11):831-834. 

85. Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM. C-reactive protein, 

interleukin 6, and risk of developing type 2 diabetes mellitus. JAMA 2001; 

286(3):327-334.



72

86. Blake GJ, Rifai N, Buring JE, Ridker PM. Blood pressure, C-reactive protein, and risk 

of future cardiovascular events. Circulation 2003; 108(24):2993-2999. 

87. Barker DJ, Hales CN, Fall CH, Osmond C, Phipps K, Clark PM. Type 2 (non-insulin-

dependent) diabetes mellitus, hypertension and hyperlipidaemia (syndrome X): 

relation to reduced fetal growth. Diabetologia 1993; 36(1):62-67. 

88. Curhan GC, Willett WC, Rimm EB, Spiegelman D, Ascherio AL, Stampfer MJ. Birth 

weight and adult hypertension, diabetes mellitus, and obesity in US men. Circulation 

1996; 94(12):3246-3250. 

89. Julius S, Gudbrandsson T, Jamerson K, Tariq SS, Andersson O. The hemodynamic 

link between insulin resistance and hypertension. J Hypertens 1991; 9(11):983-986. 

90. MacFadyen RJ, Lim HS. Emergence of structural arterial stiffness in diabetes and the 

role of abnormalities of autonomic tone in the sequence of events. J Hum Hypertens 

2004; 18(11):755-756. 

91. The Hypertension in Diabetes Study Group. Hypertension in Diabetes Study (HDS): II. 

Increased risk of cardiovascular complications in hypertensive type 2 diabetic patients. 

J Hypertens 1993; 11(3):319-325. 

92. Verdecchia P, Angeli F, Reboldi G. New-onset diabetes, antihypertensive treatment, 

and outcome. Hypertension 2007; 50(3):459-460. 

93. Eberly LE, Cohen JD, Prineas R, Yang L. Impact of incident diabetes and incident 

nonfatal cardiovascular disease on 18-year mortality: the multiple risk factor 

intervention trial experience. Diabetes Care 2003; 26(3):848-854. 

94. Smith NL, Barzilay JI, Kronmal R, Lumley T, Enquobahrie D, Psaty BM. New-onset 

diabetes and risk of all-cause and cardiovascular mortality: the Cardiovascular Health 

Study. Diabetes Care 2006; 29(9):2012-2017. 

95. Almgren T, Wilhelmsen L, Samuelsson O, Himmelmann A, Rosengren A, Andersson 

OK. Diabetes in treated hypertension is common and carries a high cardiovascular 

risk: results from a 28-year follow-up. J Hypertens 2007; 25(6):1311-1317. 

96. Samuelsson O, Hedner T, Berglund G, Persson B, Andersson OK, Wilhelmsen L. 

Diabetes mellitus in treated hypertension: incidence, predictive factors and the impact 

of non-selective beta-blockers and thiazide diuretics during 15 years treatment of 

middle-aged hypertensive men in the Primary Prevention Trial Goteborg, Sweden. J 

Hum Hypertens 1994; 8(4):257-263. 

97. Barzilay JI, Davis BR, Cutler JA et al. Fasting glucose levels and incident diabetes 

mellitus in older nondiabetic adults randomized to receive 3 different classes of 



73

antihypertensive treatment: a report from the Antihypertensive and Lipid-Lowering 

Treatment to Prevent Heart Attack Trial (ALLHAT). Arch Intern Med 2006; 

166(20):2191-2201. 

98. Kostis JB, Wilson AC, Freudenberger RS, Cosgrove NM, Pressel SL, Davis BR. 

Long-term effect of diuretic-based therapy on fatal outcomes in subjects with isolated 

systolic hypertension with and without diabetes. Am J Cardiol 2005; 95(1):29-35. 

99. Samuelsson O, Pennert K, Andersson O et al. Diabetes mellitus and raised serum 

triglyceride concentration in treated hypertension — are they of prognostic 

importance? Observational study. BMJ 1996; 313(7058):660-663. 

100. Aksnes TA, Reims HM, Kjeldsen SE, Mancia G. Antihypertensive treatment and new-

onset diabetes mellitus. Curr Hypertens Rep 2005; 7(4):298-303. 

101. Mancia G, Grassi G, Zanchetti A. New-onset diabetes and antihypertensive drugs. J 

Hypertens 2006; 24(1):3-10. 

102. Pollare T, Lithell H, Berne C. A comparison of the effects of hydrochlorothiazide and 

captopril on glucose and lipid metabolism in patients with hypertension. N Engl J Med 

1989; 321(13):868-873. 

103. Conn JW. Hypertension, the potassium ion and impaired carbohydrate tolerance. N 

Engl J Med 1965; 273(21):1135-1143. 

104. Harper R, Ennis CN, Sheridan B, Atkinson AB, Johnston GD, Bell PM. Effects of low 

dose versus conventional dose thiazide diuretic on insulin action in essential 

hypertension. BMJ 1994; 309(6949):226-230. 

105. Bangalore S, Parkar S, Grossman E, Messerli FH. A meta-analysis of 94,492 patients 

with hypertension treated with beta blockers to determine the risk of new-onset 

diabetes mellitus. Am J Cardiol 2007; 100(8):1254-1262. 

106. Dahlöf B, Sever PS, Poulter NR et al. Prevention of cardiovascular events with an 

antihypertensive regimen of amlodipine adding perindopril as required versus atenolol 

adding bendroflumethiazide as required, in the Anglo-Scandinavian Cardiac Outcomes 

Trial-Blood Pressure Lowering Arm (ASCOT-BPLA): a multicentre randomised 

controlled trial. Lancet 2005; 366(9489):895-906. 

107. Cerasi E, Luft R, Efendic S. Effect of adrenergic blocking agents on insulin response 

to glucose infusion in man. Acta Endocrinol (Copenh) 1972; 69(2):335-346. 

108. Jacob S, Rett K, Henriksen EJ. Antihypertensive therapy and insulin sensitivity: do we 

have to redefine the role of beta-blocking agents? Am J Hypertens 1998; 11(10):1258-

1265.



74

109. Padwal R, Laupacis A. Antihypertensive therapy and incidence of type 2 diabetes: a 

systematic review. Diabetes Care 2004; 27(1):247-255. 

110. Pitre M, Gaudreault N, Santure M, Nadeau A, Bachelard H. Isradipine and insulin 

sensitivity in hypertensive rats. Am J Physiol 1999; 276(6 Pt 1):E1038-E1048. 

111. Trost BN, Weidmann P. Effects of calcium antagonists on glucose homeostasis and 

serum lipids in non-diabetic and diabetic subjects: a review. J Hypertens Suppl 1987; 

5(4):S81-104. 

112. Lefrandt JD, Heitmann J, Sevre K et al. The effects of dihydropyridine and 

phenylalkylamine calcium antagonist classes on autonomic function in hypertension: 

the VAMPHYRE study. Am J Hypertens 2001; 14(11 Pt 1):1083-1089. 

113. Reid IA. Interactions between ANG II, sympathetic nervous system, and baroreceptor 

reflexes in regulation of blood pressure. Am J Physiol 1992; 262(6 Pt 1):E763-E778. 

114. Burnier M, Brunner HR. Angiotensin II receptor antagonists. Lancet 2000; 

355(9204):637-645. 

115. Schmieder RE, Hilgers KF, Schlaich MP, Schmidt BM. Renin-angiotensin system and 

cardiovascular risk. Lancet 2007; 369(9568):1208-1219. 

116. Ogihara T, Asano T, Ando K et al. Angiotensin II-induced insulin resistance is 

associated with enhanced insulin signaling. Hypertension 2002; 40(6):872-879. 

117. Gradman AH, Kad R. Renin inhibition in hypertension. J Am Coll Cardiol 2008; 

51(5):519-528. 

118. Mazzolai L, Burnier M. Comparative safety and tolerability of angiotensin II receptor 

antagonists. Drug Saf 1999; 21(1):23-33. 

119. Johnston GD. Incident diabetes in clinical trials of antihypertensive drugs. Lancet 

2007; 369(9572):1514-1515. 

120. Bosch J, Yusuf S, Gerstein HC et al. Effect of ramipril on the incidence of diabetes. N 

Engl J Med 2006; 355(15):1551-1562. 

121. Califf RM. Insulin resistance: a global epidemic in need of effective therapies. Eur 

Heart J Suppl 2003; 5(Suppl. C):C13-C18. 

122. Teo K, Yusuf S, Sleight P et al. Rationale, design, and baseline characteristics of 2 

large, simple, randomized trials evaluating telmisartan, ramipril, and their combination 

in high-risk patients: the Ongoing Telmisartan Alone and in Combination with 

Ramipril Global Endpoint Trial/Telmisartan Randomized Assessment Study in ACE 

Intolerant Subjects with Cardiovascular Disease (ONTARGET/TRANSCEND) trials. 

Am Heart J 2004; 148(1):52-61. 



75

123. Kurtz TW, Pravenec M. Antidiabetic mechanisms of angiotensin-converting enzyme 

inhibitors and angiotensin II receptor antagonists: beyond the renin-angiotensin system. 

J Hypertens 2004; 22(12):2253-2261. 

124. Akel A, Wiecek A, Nowicki M, Kokot F. (The effect of treatment with enalapril 

versus losartan on levels of insulin resistance in patients with essential hypertension). 

Pol Arch Med Wewn 2000; 103(3-4):123-131. 

125. Fogari R, Zoppi A, Corradi L, Lazzari P, Mugellini A, Lusardi P. Comparative effects 

of lisinopril and losartan on insulin sensitivity in the treatment of non diabetic 

hypertensive patients. Br J Clin Pharmacol 1998; 46(5):467-471. 

126. Fogari R, Zoppi A, Lazzari P et al. ACE inhibition but not angiotensin II antagonism 

reduces plasma fibrinogen and insulin resistance in overweight hypertensive patients. J 

Cardiovasc Pharmacol 1998; 32(4):616-620. 

127. Fogari R, Zoppi A, Preti P, Fogari E, Malamani G, Mugellini A. Differential effects of 

ACE-inhibition and angiotensin II antagonism on fibrinolysis and insulin sensitivity in 

hypertensive postmenopausal women. Am J Hypertens 2001; 14(9 Pt 1):921-926. 

128. Furuhashi M, Ura N, Higashiura K et al. Blockade of the renin-angiotensin system 

increases adiponectin concentrations in patients with essential hypertension. 

Hypertension 2003; 42(1):76-81. 

129. Higashiura K, Ura N, Miyazaki Y, Shimamoto K. Effect of an angiotensin II receptor 

antagonist, candesartan, on insulin resistance and pressor mechanisms in essential 

hypertension. J Hum Hypertens 1999; 13 Suppl 1:S71-S74. 

130. Iimura O, Shimamoto K, Matsuda K et al. Effects of angiotensin receptor antagonist 

and angiotensin converting enzyme inhibitor on insulin sensitivity in fructose-fed 

hypertensive rats and essential hypertensives. Am J Hypertens 1995; 8(4 Pt 1):353-

357.

131. Laakso M, Karjalainen L, Lempiainen-Kuosa P. Effects of losartan on insulin 

sensitivity in hypertensive subjects. Hypertension 1996; 28(3):392-396. 

132. Moan A, Høieggen A, Nordby G, Eide IK, Kjeldsen SE. Effects of losartan on insulin 

sensitivity in severe hypertension: connections through sympathetic nervous system 

activity? J Hum Hypertens 1995; 9 Suppl 5:S45-S50. 

133. Moan A, Høieggen A, Seljeflot I, Risanger T, Arnesen H, Kjeldsen SE. The effect of 

angiotensin II receptor antagonism with losartan on glucose metabolism and insulin 

sensitivity. J Hypertens 1996; 14(9):1093-1097. 



76

134. Olsen MH, Fossum E, Høieggen A et al. Long-term treatment with losartan versus 

atenolol improves insulin sensitivity in hypertension: ICARUS, a LIFE substudy. J 

Hypertens 2005; 23(4):891-898. 

135. Paolisso G, Tagliamonte MR, Gambardella A et al. Losartan mediated improvement in 

insulin action is mainly due to an increase in non-oxidative glucose metabolism and 

blood flow in insulin-resistant hypertensive patients. J Hum Hypertens 1997; 

11(5):307-312. 

136. Ura N, Higashiura K, Shimamoto K. The mechanisms of insulin sensitivity improving 

effects of angiotensin converting enzyme inhibitor. Immunopharmacology 1999; 44(1-

2):153-159.

137. Kjeldsen SE, Julius S, Mancia G et al. Effects of valsartan compared to amlodipine on 

preventing type 2 diabetes in high-risk hypertensive patients: the VALUE trial. J 

Hypertens 2006; 24(7):1405-1412. 

138. Ogihara T, Nakao K, Fukui T et al. Effects of candesartan compared with amlodipine 

in hypertensive patients with high cardiovascular risks: candesartan antihypertensive 

survival evaluation in Japan trial. Hypertension 2008; 51(2):393-398. 

139. Major outcomes in high-risk hypertensive patients randomized to angiotensin-

converting enzyme inhibitor or calcium channel blocker vs diuretic: The 

Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial 

(ALLHAT). JAMA 2002; 288(23):2981-2997. 

140. Hansson L, Lindholm LH, Ekbom T 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(9192):1751-1756. 

141. Lindholm LH, Persson M, Alaupovic P, Carlberg B, Svensson A, Samuelsson O. 

Metabolic outcome during 1 year in newly detected hypertensives: results of the 

Antihypertensive Treatment and Lipid Profile in a North of Sweden Efficacy 

Evaluation (ALPINE study). J Hypertens 2003; 21(8):1563-1574. 

142. Reid CM, Johnston CI, Ryan P, Willson K, Wing LM. Diabetes and cardiovasular 

outcomes in elderly subjects treated with ACE-inhibitors or diuretics: findings from 

the 2nd Australian National Blood Pressure Study (Abstract). American Journal of 

Hypertension 2003; 16(No 5, Part 2):11A.  

143. Hansson L, Lindholm LH, Niskanen L et al. Effect of angiotensin-converting-enzyme 

inhibition compared with conventional therapy on cardiovascular morbidity and 



77

mortality in hypertension: the Captopril Prevention Project (CAPPP) randomised trial. 

Lancet 1999; 353(9153):611-616. 

144. Lindholm LH, Ibsen H, Borch-Johnsen K et al. Risk of new-onset diabetes in the 

Losartan Intervention For Endpoint reduction in hypertension study. J Hypertens 

2002; 20(9):1879-1886. 

145. Zhang Y, Proenca R, Maffei M, Barone M, Leopold L, Friedman JM. Positional 

cloning of the mouse obese gene and its human homologue. Nature 1994; 

372(6505):425-432. 

146. Sharma AM, Janke J, Gorzelniak K, Engeli S, Luft FC. Angiotensin blockade prevents 

type 2 diabetes by formation of fat cells. Hypertension 2002; 40(5):609-611. 

147. Weyer C, Funahashi T, Tanaka S et al. Hypoadiponectinemia in obesity and type 2 

diabetes: close association with insulin resistance and hyperinsulinemia. J Clin 

Endocrinol Metab 2001; 86(5):1930-1935. 

148. Spranger J, Kroke A, Mohlig M et al. Adiponectin and protection against type 2 

diabetes mellitus. Lancet 2003; 361(9353):226-228. 

149. Lindsay RS, Funahashi T, Hanson RL et al. Adiponectin and development of type 2 

diabetes in the Pima Indian population. Lancet 2002; 360(9326):57-58. 

150. Snijder MB, Heine RJ, Seidell JC et al. Associations of adiponectin levels with 

incident impaired glucose metabolism and type 2 diabetes in older men and women: 

The Hoorn Study. Diabetes Care 2006; 29(11):2498-2503. 

151. Whitehead JP, Richards AA, Hickman IJ, Macdonald GA, Prins JB. Adiponectin – a

key adipokine in the metabolic syndrome. Diabetes Obes Metab 2006; 8(3):264-280. 

152. Chow WS, Cheung BM, Tso AW et al. Hypoadiponectinemia as a predictor for the 

development of hypertension: a 5-year prospective study. Hypertension 2007; 

49(6):1455-1461. 

153. Schillaci G, Pucci G, Pirro M. Adiponectin and hypertension: the connection lies 

within the fat. Am J Hypertens 2008; 21(4):374-375. 

154. Benndorf RA, Rudolph T, Appel D et al. Telmisartan improves insulin sensitivity in 

nondiabetic patients with essential hypertension. Metabolism 2006; 55(9):1159-1164. 

155. Chujo D, Yagi K, Asano A et al. Telmisartan treatment decreases visceral fat 

accumulation and improves serum levels of adiponectin and vascular inflammation 

markers in Japanese hypertensive patients. Hypertens Res 2007; 30(12):1205-1210. 



78

156. de Vinuesa SG, Goicoechea M, Kanter J et al. Insulin resistance, inflammatory 

biomarkers, and adipokines in patients with chronic kidney disease: effects of 

angiotensin II blockade. J Am Soc Nephrol 2006; 17(12 Suppl 3):S206-S212. 

157. Koh KK, Quon MJ, Han SH et al. Additive beneficial effects of losartan combined 

with simvastatin in the treatment of hypercholesterolemic, hypertensive patients. 

Circulation 2004; 110(24):3687-3692. 

158. Koh KK, Quon MJ, Han SH, Chung WJ, Lee Y, Shin EK. Anti-inflammatory and 

metabolic effects of candesartan in hypertensive patients. Int J Cardiol 2006; 

108(1):96-100. 

159. Koh KK, Quon MJ, Han SH et al. Additive beneficial effects of fenofibrate combined 

with candesartan in the treatment of hypertriglyceridemic hypertensive patients. 

Diabetes Care 2006; 29(2):195-201. 

160. Negro R, Formoso G, Hassan H. The effects of irbesartan and telmisartan on 

metabolic parameters and blood pressure in obese, insulin resistant, hypertensive 

patients. J Endocrinol Invest 2006; 29(11):957-961. 

161. Nielsen S, Lihn AS, Østergaard T, Mogensen CE, Schmitz O. Increased plasma 

adiponectin in losartan-treated type 1 diabetic patients. a mediator of improved insulin 

sensitivity? Horm Metab Res 2004; 36(3):194-196. 

162. Park H, Hasegawa G, Obayashi H et al. Relationship between insulin resistance and 

inflammatory markers and anti-inflammatory effect of losartan in patients with type 2 

diabetes and hypertension. Clin Chim Acta 2006; 374(1-2):129-134. 

163. Usui I, Fujisaka S, Yamazaki K et al. Telmisartan reduced blood pressure and HOMA-

IR with increasing plasma leptin level in hypertensive and type 2 diabetic patients. 

Diabetes Res Clin Pract 2007; 77(2):210-214. 

164. Yenicesu M, Yilmaz MI, Caglar K et al. Blockade of the renin-angiotensin system 

increases plasma adiponectin levels in type-2 diabetic patients with proteinuria. 

Nephron Clin Pract 2005; 99(4):c115-c121. 

165. Yilmaz MI, Sonmez A, Caglar K et al. Effect of antihypertensive agents on plasma 

adiponectin levels in hypertensive patients with metabolic syndrome. Nephrology 

2007; 12(2):147-153. 

166. Schindler R, Dinarello CA, Koch KM. Angiotensin-converting-enzyme inhibitors 

suppress synthesis of tumour necrosis factor and interleukin 1 by human peripheral 

blood mononuclear cells. Cytokine 1995; 7(6):526-533. 



79

167. Maeda N, Takahashi M, Funahashi T et al. PPARgamma ligands increase expression 

and plasma concentrations of adiponectin, an adipose-derived protein. Diabetes 2001; 

50(9):2094-2099. 

168. Bruun JM, Lihn AS, Verdich C et al. Regulation of adiponectin by adipose tissue-

derived cytokines: in vivo and in vitro investigations in humans. Am J Physiol 

Endocrinol Metab 2003; 285(3):E527-E533. 

169. Kappes A, Löffler G. Influences of ionomycin, dibutyryl-cycloAMP and tumour 

necrosis factor-alpha on intracellular amount and secretion of apM1 in differentiating 

primary human preadipocytes. Horm Metab Res 2000; 32(11-12):548-554. 

170. Havel PJ. Control of energy homeostasis and insulin action by adipocyte hormones: 

leptin, acylation stimulating protein, and adiponectin. Curr Opin Lipidol 2002; 

13(1):51-59. 

171. Clasen R, Schupp M, Foryst-Ludwig A et al. PPARgamma-activating angiotensin 

type-1 receptor blockers induce adiponectin. Hypertension 2005; 46(1):137-143. 

172. Schupp M, Janke J, Clasen R, Unger T, Kintscher U. Angiotensin type 1 receptor 

blockers induce peroxisome proliferator-activated receptor-gamma activity. 

Circulation 2004; 109(17):2054-2057. 

173. Kurata A, Nishizawa H, Kihara S et al. Blockade of Angiotensin II type-1 receptor 

reduces oxidative stress in adipose tissue and ameliorates adipocytokine dysregulation. 

Kidney Int 2006; 70(10):1717-1724. 

174. Sattar N, Wannamethee G, Sarwar N et al. Adiponectin and coronary heart disease: a 

prospective study and meta-analysis. Circulation 2006; 114(7):623-629. 

175. Grassi G. Leptin, sympathetic nervous system, and baroreflex function. Curr 

Hypertens Rep 2004; 6(3):236-240. 

176. Montague CT, Farooqi IS, Whitehead JP et al. Congenital leptin deficiency is 

associated with severe early-onset obesity in humans. Nature 1997; 387(6636):903-

908.

177. Clement K, Vaisse C, Lahlou N et al. A mutation in the human leptin receptor gene 

causes obesity and pituitary dysfunction. Nature 1998; 392(6674):398-401. 

178. Alvarez GE, Beske SD, Ballard TP, Davy KP. Sympathetic neural activation in 

visceral obesity. Circulation 2002; 106(20):2533-2536. 

179. Sharma AM, Chetty VT. Obesity, hypertension and insulin resistance. Acta Diabetol 

2005; 42 Suppl 1:S3-S8. 



80

180. Fogari R, Derosa G, Zoppi A et al. Comparison of the effects of valsartan and 

felodipine on plasma leptin and insulin sensitivity in hypertensive obese patients. 

Hypertens Res 2005; 28(3):209-214. 

181. Steppan CM, Bailey ST, Bhat S et al. The hormone resistin links obesity to diabetes. 

Nature 2001; 409(6818):307-312. 

182. Kohler HP, Grant PJ. Plasminogen-activator inhibitor type 1 and coronary artery 

disease. N Engl J Med 2000; 342(24):1792-1801. 

183. Mertens I, Van Gaal LF. Obesity, haemostasis and the fibrinolytic system. Obes Rev 

2002; 3(2):85-101. 

184. Hotamisligil GS, Arner P, Caro JF, Atkinson RL, Spiegelman BM. Increased adipose 

tissue expression of tumor necrosis factor-alpha in human obesity and insulin 

resistance. J Clin Invest 1995; 95(5):2409-2415. 

185. Hotamisligil GS, Budavari A, Murray D, Spiegelman BM. Reduced tyrosine kinase 

activity of the insulin receptor in obesity-diabetes. Central role of tumor necrosis 

factor-alpha. J Clin Invest 1994; 94(4):1543-1549. 

186. Navalkar S, Parthasarathy S, Santanam N, Khan BV. Irbesartan, an angiotensin type 1 

receptor inhibitor, regulates markers of inflammation in patients with premature 

atherosclerosis. J Am Coll Cardiol 2001; 37(2):440-444. 

187. Vinik AI, Maser RE, Mitchell BD, Freeman R. Diabetic autonomic neuropathy. 

Diabetes Care 2003; 26(5):1553-1579. 

188. Morrison SF. Differential control of sympathetic outflow. Am J Physiol Regul Integr 

Comp Physiol 2001; 281(3):R683-R698. 

189. Esler M, Jennings G, Lambert G, Meredith I, Horne M, Eisenhofer G. Overflow of 

catecholamine neurotransmitters to the circulation: source, fate, and functions. Physiol 

Rev 1990; 70(4):963-985. 

190. Levy MN, Yang T, Wallick DW. Assessment of beat-by-beat control of heart rate by 

the autonomic nervous system: molecular biology technique are necessary, but not 

sufficient. J Cardiovasc Electrophysiol 1993; 4(2):183-193. 

191. Grassi G. Role of the sympathetic nervous system in human hypertension. J Hypertens 

1998; 16(12 Pt 2):1979-1987. 

192. Esler M. The sympathetic system and hypertension. Am J Hypertens 2000; 13(6 

Pt2):99S-105S. 



81

193. Landsberg L. Diet, obesity and hypertension: an hypothesis involving insulin, the 

sympathetic nervous system, and adaptive thermogenesis. Q J Med 1986; 

61(236):1081-1090. 

194. Natali A, Santoro D, Palombo C, Cerri M, Ghione S, Ferrannini E. Impaired insulin 

action on skeletal muscle metabolism in essential hypertension. Hypertension 1991; 

17(2):170-178. 

195. Grassi G. Counteracting the sympathetic nervous system in essential hypertension. 

Curr Opin Nephrol Hypertens 2004; 13(5):513-519. 

196. Nonogaki K. New insights into sympathetic regulation of glucose and fat metabolism. 

Diabetologia 2000; 43(5):533-549. 

197. Julius S, Gudbrandsson T, Jamerson K, Andersson O. The interconnection between 

sympathetics, microcirculation, and insulin resistance in hypertension. Blood Press 

1992; 1(1):9-19. 

198. Brook RD, Julius S. Autonomic imbalance, hypertension, and cardiovascular risk. Am 

J Hypertens 2000; 13(6 Pt 2):112S-122S. 

199. Grassi G, Dell'Oro R, Facchini A, Quarti TF, Bolla GB, Mancia G. Effect of central 

and peripheral body fat distribution on sympathetic and baroreflex function in obese 

normotensives. J Hypertens 2004; 22(12):2363-2369. 

200. Dell'Oro R, Paleari F, Gamba PL et al. Early neuroadrenergic alterations in subjects 

with a family history of diabetes (Abstract). Journal of Hypertension 2005; 23(Suppl. 

2):S275. 

201. Binkley PF, Haas GJ, Starling RC et al. Sustained augmentation of parasympathetic 

tone with angiotensin-converting enzyme inhibition in patients with congestive heart 

failure. J Am Coll Cardiol 1993; 21(3):655-661. 

202. Grassi G, Seravalle G, Dell'Oro R et al. Comparative effects of candesartan and 

hydrochlorothiazide on blood pressure, insulin sensitivity, and sympathetic drive in 

obese hypertensive individuals: results of the CROSS study. J Hypertens 2003; 

21(9):1761-1769. 

203. Grossman E, Messerli FH. Effect of calcium antagonists on plasma norepinephrine 

levels, heart rate, and blood pressure. Am J Cardiol 1997; 80(11):1453-1458. 

204. Fogari R, Zoppi A, Corradi L, Preti P, Malalamani GD, Mugellini A. Effects of 

different dihydropyridine calcium antagonists on plasma norepinephrine in essential 

hypertension. J Hypertens 2000; 18(12):1871-1875. 



82

205. Sleight P. The sympathetic nervous system in hypertension: differing effects of drug 

treatment. Eur Heart J 1998; 19 Suppl F:F39-F44. 

206. Del Colle S, Morello F, Rabbia F et al. Antihypertensive drugs and the sympathetic 

nervous system. J Cardiovasc Pharmacol 2007; 50(5):487-496. 

207. Van Zwieten PA, Hendriks MG, Pfaffendorf M, Bruning TA, Chang PC. The 

parasympathetic system and its muscarinic receptors in hypertensive disease. J 

Hypertens 1995; 13(10):1079-1090. 

208. Kjeldsen SE, Rostrup M, Moan A, Mundal HH, Gjesdal K, Eide IK. The sympathetic 

nervous system may modulate the metabolic cardiovascular syndrome in essential 

hypertension. J Cardiovasc Pharmacol 1992; 20 Suppl 8:S32-S39. 

209. European Society of Cardiology and the North American Society of Pacing and 

Electrophysiology. Heart rate variability. Standards of measurement, physiological 

interpretation, and clinical use. Task Force of the European Society of Cardiology and 

the North American Society of Pacing and Electrophysiology. Eur Heart J 1996; 

17(3):354-381. 

210. Moan A, Nordby G, Os I, Birkeland KI, Kjeldsen SE. Relationship between 

hemorrheologic factors and insulin sensitivity in healthy young men. Metabolism 

1994; 43(4):423-427. 

211. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. 

Homeostasis model assessment: insulin resistance and beta-cell function from fasting 

plasma glucose and insulin concentrations in man. Diabetologia 1985; 28(7):412-419. 

212. Bonora E, Targher G, Alberiche M et al. Homeostasis model assessment closely 

mirrors the glucose clamp technique in the assessment of insulin sensitivity: studies in 

subjects with various degrees of glucose tolerance and insulin sensitivity. Diabetes 

Care 2000; 23(1):57-63. 

213. Hon EH, Lee ST. Electronic evaluation of the fetal heart rate VIII. Patterns preceding 

fetal death, further observations. Am J Obstet Gynecol 1963; 87:814-826. 

214. Wolf MM, Varigos GA, Hunt D, Sloman JG. Sinus arrhythmia in acute myocardial 

infarction. Med J Aust 1978; 2(2):52-53. 

215. Sevre K, Rostrup M. Undersøkelser av hjertefrekvensvariabilitet og 

baroreflekssensitivitet (Measurements of heart rate variability and baroreflex 

sensitivity). Tidsskr Nor Laegeforen 2001; 121(26):3059-3064. 



83

216. Singh JP, Larson MG, Tsuji H, Evans JC, O'Donnell CJ, Levy D. Reduced heart rate 

variability and new-onset hypertension: insights into pathogenesis of hypertension: the 

Framingham Heart Study. Hypertension 1998; 32(2):293-297. 

217. Flanagan DE, Vaile JC, Petley GW et al. The autonomic control of heart rate and 

insulin resistance in young adults. J Clin Endocrinol Metab 1999; 84(4):1263-1267. 

218. Carnethon MR, Golden SH, Folsom AR, Haskell W, Liao D. Prospective investigation 

of autonomic nervous system function and the development of type 2 diabetes: the 

Atherosclerosis Risk In Communities study, 1987-1998. Circulation 2003; 

107(17):2190-2195. 

219. La Rovere MT, Mortara A, Schwartz PJ. Baroreflex sensitivity. J Cardiovasc 

Electrophysiol 1995; 6(9):761-774. 

220. Imholz BP, Wieling W, van Montfrans GA, Wesseling KH. Fifteen years experience 

with finger arterial pressure monitoring: assessment of the technology. Cardiovasc Res 

1998; 38(3):605-616. 

221. Robbe HW, Mulder LJ, Ruddel H, Langewitz WA, Veldman JB, Mulder G. 

Assessment of baroreceptor reflex sensitivity by means of spectral analysis. 

Hypertension 1987; 10(5):538-543. 

222. Parlow J, Viale JP, Annat G, Hughson R, Quintin L. Spontaneous cardiac baroreflex 

in humans. Comparison with drug-induced responses. Hypertension 1995; 25(5):1058-

1068.

223. Sevre K, Lefrandt JD, Nordby G et al. Autonomic function in hypertensive and 

normotensive subjects: the importance of gender. Hypertension 2001; 37(6):1351-

1356.

224. Lucini D, Mela GS, Malliani A, Pagani M. Impairment in cardiac autonomic 

regulation preceding arterial hypertension in humans: insights from spectral analysis 

of beat-by-beat cardiovascular variability. Circulation 2002; 106(21):2673-2679. 

225. Pikkujamsa SM, Huikuri HV, Airaksinen KE et al. Heart rate variability and 

baroreflex sensitivity in hypertensive subjects with and without metabolic features of 

insulin resistance syndrome. Am J Hypertens 1998; 11(5):523-531. 

226. Grassi G, Esler M. How to assess sympathetic activity in humans. J Hypertens 1999; 

17(6):719-734. 

227. Peuler JD, Johnson GA. Simultaneous single isotope radioenzymatic assay of plasma 

norepinephrine, epinephrine and dopamine. Life Sci 1977; 21(5):625-636. 



84

228. Kjeldsen SE, Flaaten B, Eide I, Helgeland A, Leren P. Evidence of increased 

peripheral catecholamine release in patients with long-standing, untreated essential 

hypertension. Scand J Clin Lab Invest 1982; 42(3):217-223. 

229. Kjeldsen SE, Schork NJ, Leren P, Eide IK. Arterial plasma norepinephrine correlates 

to blood pressure in middle-aged men with sustained essential hypertension. Am Heart 

J 1989; 118(4):775-781. 

230. Letcher RL, Chien S, Pickering TG, Sealey JE, Laragh JH. Direct relationship 

between blood pressure and blood viscosity in normal and hypertensive subjects. Role 

of fibrinogen and concentration. Am J Med 1981; 70(6):1195-1202. 

231. Høieggen A, Fossum E, Moan A, Enger E, Kjeldsen SE. Whole-blood viscosity and 

the insulin-resistance syndrome. J Hypertens 1998; 16(2):203-210. 

232. Festa A, D'Agostino R Jr., Howard G, Mykkanen L, Tracy RP, Haffner SM. Chronic 

subclinical inflammation as part of the insulin resistance syndrome: the Insulin 

Resistance Atherosclerosis Study (IRAS). Circulation 2000; 102(1):42-47. 

233. Pearson TA, Mensah GA, Alexander RW et al. Markers of inflammation and 

cardiovascular disease: application to clinical and public health practice: A statement 

for healthcare professionals from the Centers for Disease Control and Prevention and 

the American Heart Association. Circulation 2003; 107(3):499-511. 

234. Kjeldsen SE, Julius S, Brunner H et al. Characteristics of 15,314 hypertensive patients 

at high coronary risk. The VALUE trial. The Valsartan Antihypertensive Long-term 

Use Evaluation. Blood Press 2001; 10(2):83-91. 

235. Mann J, Julius S. The Valsartan Antihypertensive Long-term Use Evaluation 

(VALUE) trial of cardiovascular events in hypertension. Rationale and design. Blood 

Press 1998; 7(3):176-183. 

236. Okin PM, Roman MJ, Devereux RB, Kligfield P. Electrocardiographic identification 

of increased left ventricular mass by simple voltage-duration products. J Am Coll 

Cardiol 1995; 25(2):417-423. 

237. Sokolow M, Lyon TP. The ventricular complex in left ventricular hypertrophy as 

obtained by unipolar precordial and limb leads. Am Heart J 1949; 37(2):161-186. 

238. WHO. Diabetes mellitus. Report of a WHO Study Group. World Health Organ Tech 

Rep Ser 1985; 727:1-113. 

239. Reims HM, Sevre K, Fossum E, Høieggen A, Mellem H, Kjeldsen SE. Relations 

between insulin sensitivity, fitness and autonomic cardiac regulation in healthy, young 

men. J Hypertens 2004; 22(10):2007-2015. 



85

240. Nolan JJ, Ludvik B, Baloga J, Reichart D, Olefsky JM. Mechanisms of the kinetic 

defect in insulin action in obesity and NIDDM. Diabetes 1997; 46(6):994-1000. 

241. Stumvoll M, Mitrakou A, Pimenta W et al. Use of the oral glucose tolerance test to 

assess insulin release and insulin sensitivity. Diabetes Care 2000; 23(3):295-301. 

242. Zanchetti A, Hennig M, Baurecht H et al. Prevalence and incidence of the metabolic 

syndrome in the European Lacidipine Study on Atherosclerosis (ELSA) and its 

relation with carotid intima-media thickness. J Hypertens 2007; 25(12):2463-2470. 

243. Hansson L, Hedner T, Lund-Johansen P et al. Randomised trial of effects of calcium 

antagonists compared with diuretics and beta-blockers on cardiovascular morbidity 

and mortality in hypertension: the Nordic Diltiazem (NORDIL) study. Lancet 2000; 

356(9227):359-365. 

244. Altman DG. Practical statistics for medical research. Chapman &  Hall/CRC; 1991. 

245. Danaei G, Lawes CM, Vander HS, Murray CJ, Ezzati M. Global and regional 

mortality from ischaemic heart disease and stroke attributable to higher-than-optimum 

blood glucose concentration: comparative risk assessment. Lancet 2006; 

368(9548):1651-1659. 

246. Lawrence JM, Bennett P, Young A, Robinson AM. Screening for diabetes in general 

practice: cross sectional population study. BMJ 2001; 323(7312):548-551. 

247. Lindström J, Tuomilehto J. The diabetes risk score: a practical tool to predict type 2 

diabetes risk. Diabetes Care 2003; 26(3):725-731. 

248. Finnish Diabetes Association. FINDRISC. Website 2008; 

http://www.diabetes.fi/tiedoston_katsominen.php?dok_id=567.  

249. American Diabetes Association. Diabetes Risk Test. Website 2007; 

http://www.diabetes.org/risk-test.jsp. 

250. Boden G. Role of fatty acids in the pathogenesis of insulin resistance and NIDDM. 

Diabetes 1997; 46(1):3-10. 

251. Lam TK, Pocai A, Gutierrez-Juarez R et al. Hypothalamic sensing of circulating fatty 

acids is required for glucose homeostasis. Nat Med 2005; 11(3):320-327. 

252. DECODE Study Group. Age- and sex-specific prevalences of diabetes and impaired 

glucose regulation in 13 European cohorts. Diabetes Care 2003; 26(1):61-69. 

253. Olsen MH, Fossum E, Hjerkinn E et al. Relative influence of insulin resistance versus 

blood pressure on vascular changes in longstanding hypertension. ICARUS, a LIFE 

substudy. Insulin Carotids US Scandinavia. J Hypertens 2000; 18(1):75-81. 



86

254. Gupta AK, Dahlöf B, Dobson J, Sever PS, Wedel H, Poulter NR. Determinants of 

new-onset diabetes among 19,257 hypertensive patients randomised in the ASCOT-

BPLA trial and the relative influence of antihypertensive medication. Diabetes Care 

2008.

255. Niklason A, Hedner T, Niskanen L, Lanke J. Development of diabetes is retarded by 

ACE inhibition in hypertensive patients--a subanalysis of the Captopril Prevention 

Project (CAPPP). J Hypertens 2004; 22(3):645-652. 

256. Sjöholm Å, Nyström T. Endothelial inflammation in insulin resistance. Lancet 2005; 

365(9459):610-612. 

257. Potter van Loon BJ, Kluft C, Radder JK, Blankenstein MA, Meinders AE. The 

cardiovascular risk factor plasminogen activator inhibitor type 1 is related to insulin 

resistance. Metabolism 1993; 42(8):945-949. 

258. Ferrannini E, Seghieri G, Muscelli E. Insulin and the renin-angiotensin-aldosterone 

system: influence of ACE inhibition. J Cardiovasc Pharmacol 1994; 24 Suppl 3:S61-

S69. 

259. Deibert DC, DeFronzo RA. Epinephrine-induced insulin resistance in man. J Clin 

Invest 1980; 65(3):717-721. 

260. Zeman RJ, Ludemann R, Easton TG, Etlinger JD. Slow to fast alterations in skeletal 

muscle fibers caused by clenbuterol, a beta 2-receptor agonist. Am J Physiol 1988; 

254(6 Pt 1):E726-E732. 

261. Jamerson KA, Julius S, Gudbrandsson T, Andersson O, Brant DO. Reflex sympathetic 

activation induces acute insulin resistance in the human forearm. Hypertension 1993; 

21(5):618-623. 

262. Jamerson KA, Smith SD, Amerena JV, Grant E, Julius S. Vasoconstriction with 

norepinephrine causes less forearm insulin resistance than a reflex sympathetic 

vasoconstriction. Hypertension 1994; 23(6 Pt 2):1006-1011. 

263. Palatini P, Julius S. Heart rate and the cardiovascular risk. J Hypertens 1997; 15(1):3-

17.

264. Struck J, Muck P, Trubger D et al. Effects of selective angiotensin II receptor 

blockade on sympathetic nerve activity in primary hypertensive subjects. J Hypertens 

2002; 20(6):1143-1149. 

265. de Champlain J, Karas M, Nguyen P et al. Different effects of nifedipine and 

amlodipine on circulating catecholamine levels in essential hypertensive patients. J 

Hypertens 1998; 16(11):1357-1369. 



87

266. de Champlain J, Karas M, Assouline L et al. Effects of valsartan or amlodipine alone 

or in combination on plasma catecholamine levels at rest and during standing in 

hypertensive patients. J Clin Hypertens 2007; 9(3):168-178. 

267. Lopez LM, Thorman AD, Mehta JL. Effects of amlodipine on blood pressure, heart 

rate, catecholamines, lipids and responses to adrenergic stimulus. Am J Cardiol 1990; 

66(17):1269-1271. 

268. Javorka M, Javorkova J, Tonhajzerova I, Javorka K. Parasympathetic versus 

sympathetic control of the cardiovascular system in young patients with type 1 

diabetes mellitus. Clin Physiol Funct Imaging 2005; 25(5):270-274. 

269. Jonk AM, Houben AJ, de Jongh RT, Serné EH, Schaper NC, Stehouwer CD. 

Microvascular dysfunction in obesity: a potential mechanism in the pathogenesis of 

obesity-associated insulin resistance and hypertension. Physiology 2007; 22:252-260. 

270. Nadar S, Blann AD, Lip GY. Antihypertensive therapy and endothelial function. Curr 

Pharm Des 2004; 10(29):3607-3614. 

271. Yavuz D, Koc M, Toprak A et al. Effects of ACE inhibition and AT1-receptor 

antagonism on endothelial function and insulin sensitivity in essential hypertensive 

patients. J Renin Angiotensin Aldosterone Syst 2003; 4(3):197-203. 

272. Carlsson PO, Berne C, Jansson L. Angiotensin II and the endocrine pancreas: effects 

on islet blood flow and insulin secretion in rats. Diabetologia 1998; 41(2):127-133. 

273. Tikellis C, Wookey PJ, Candido R, Andrikopoulos S, Thomas MC, Cooper ME. 

Improved islet morphology after blockade of the renin- angiotensin system in the ZDF 

rat. Diabetes 2004; 53(4):989-997. 

274. Schupp M, Lee LD, Frost N et al. Regulation of peroxisome proliferator-activated 

receptor gamma activity by losartan metabolites. Hypertension 2006; 47(3):586-589. 

275. Fujimoto M, Masuzaki H, Tanaka T et al. An angiotensin II AT1 receptor antagonist, 

telmisartan augments glucose uptake and GLUT4 protein expression in 3T3-L1 

adipocytes. FEBS Lett 2004; 576(3):492-497. 

276. Sugimoto K, Qi NR, Kazdova L, Pravenec M, Ogihara T, Kurtz TW. Telmisartan but 

not valsartan increases caloric expenditure and protects against weight gain and 

hepatic steatosis. Hypertension 2006; 47(5):1003-1009. 

277. Tomiyama H, Kushiro T, Abeta H et al. Kinins contribute to the improvement of 

insulin sensitivity during treatment with angiotensin converting enzyme inhibitor. 

Hypertension 1994; 23(4):450-455. 



88

278. Matchar DB, McCrory DC, Orlando LA et al. Systematic review: comparative 

effectiveness of angiotensin-converting enzyme inhibitors and angiotensin II receptor 

blockers for treating essential hypertension. Ann Intern Med 2008; 148(1):16-29. 

279. Coutinho M, Gerstein HC, Wang Y, Yusuf S. The relationship between glucose and 

incident cardiovascular events. A metaregression analysis of published data from 20 

studies of 95,783 individuals followed for 12.4 years. Diabetes Care 1999; 22(2):233-

240.

280. Lawes CM, Parag V, Bennett DA et al. Blood glucose and risk of cardiovascular 

disease in the Asia Pacific region. Diabetes Care 2004; 27(12):2836-2842. 

281. Moser M. Diuretics and new onset diabetes: is it a problem? J Hypertens 2005; 

23(3):666-668. 

282. Aksnes TA, Schmieder RE, Kjeldsen SE, Ghani S, Hua TA, Julius S. Impact of New-

Onset Diabetes Mellitus on Development of Atrial Fibrillation and Heart Failure in 

High-Risk Hypertension (from the VALUE Trial). Am J Cardiol 2008; 101(5):634-

638.

283. Held C, Gerstein HC, Yusuf S et al. Glucose levels predict hospitalization for 

congestive heart failure in patients at high cardiovascular risk. Circulation 2007; 

115(11):1371-1375. 

284. Saudek CD. When does diabetes start? JAMA 1990; 263(21):2934. 

285. Alderman MH, Cohen H, Madhavan S. Diabetes and cardiovascular events in 

hypertensive patients. Hypertension 1999; 33(5):1130-1134. 

286. Dunder K, Lind L, Zethelius B, Berglund L, Lithell H. Increase in blood glucose 

concentration during antihypertensive treatment as a predictor of myocardial 

infarction: population based cohort study. BMJ 2003; 326(7391):681. 

287. Zimmet P, Alberti KG, Shaw J. Global and societal implications of the diabetes 

epidemic. Nature 2001; 414(6865):782-787. 

288. Pan XR, Li GW, Hu YH et al. Effects of diet and exercise in preventing NIDDM in 

people with impaired glucose tolerance. The Da Qing IGT and Diabetes Study. 

Diabetes Care 1997; 20(4):537-544. 




